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This Technical Specification (TS) has been produced by the ETSI 39 Generation Partnership Project (3GPP).
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Modal verbs terminology
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Foreword
This Technical Specification (TS) has been produced by the 3" Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of this present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where;
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y thesecond digit isincremented for al changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document specifies and establishes the characteristics of the physicals layer proceduresin the FDD and
TDD modes of E-UTRA.

2 References

The following documents contain provisions which, through reference in thistext, constitute provisions of the present
document.

o References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

o For aspecific reference, subsequent revisions do not apply.

e For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document
(including a GSM document), a hon-specific reference implicitly refers to the latest version of that document in
the same Release as the present document.

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications'.

[2] 3GPP TS 36.201: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Layer —
Genera Description™.

[3] 3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and
modulation”.

[4] 3GPP TS 36.212: "Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and
channel coding”.

[5] 3GPP TS 36.214: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer —
M easurements”.

[6] 3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)

radio transmission and reception”.

[7] 3GPP TS 36.104: "Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS)
radio transmission and reception”.

[8] 3GPP TS 36.321, "Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access
Control (MAC) protocol specification”.

[9] 3GPP TS 36.423, "Evolved Universal Terrestrial Radio Access (E-UTRA); X2 Application
Protocol (X2AP)".

[10] 3GPP TS 36.133, "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for
support of radio resource management".

[11] 3GPP TS 36.331, "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC) protocol specification”.

[12] 3GPP TS 36.306: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
radio access capabilities”.

3 Symbols and abbreviations
3.1 Symbols

For the purposes of the present document, the following symbols apply:

n; System frame number as defined in [3]
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Resource block size in the frequency domain, expressed as a number of subcarriers as defined in

3GPP TS 36.213 version 13.2.0 Release 13 9
N, Slot number within aradio frame as defined in [3]
N(?ehs Number of configured cells
NRS Downlink bandwidth configuration, expressed in unitsof NP as defined in [3]
Nas Uplink bandwidth configuration, expressed in unitsof N2P as defined in [3]
Ngymb Number of SC-FDMA symbolsin an uplink dlot as defined in [3]
NRB
(3]
T, Basic time unit as defined in [3]
3.2 Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply.
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any,

in TR 21.905 [1].

ACK
BCH
CCE
CDD
CG

CIF

cQl
CRC
CRI

csl
CSI-IM
DA

DCI

DL
DL-SCH
DTX
EPDCCH
EPRE
MCG
MCS
NACK
NPBCH
NPDCCH
NPDSCH
NPRACH
NPUSCH
NPSS
NSSS
NRS
PBCH
PCFICH
PDCCH
PDSCH
PHICH
PMCH
PMI
PRACH
PRS
PRB
PSBCH
PSCCH
PSCell

Acknowledgement

Broadcast Channel

Control Channel Element

Cyclic Delay Diversity

Cell Group

Carrier Indicator Field

Channel Quality Indicator

Cyclic Redundancy Check

CSI-RS Resource I ndicator

Channel State Information

CSl-interference measurement

Downlink Assignment | ndex

Downlink Control Information

Downlink

Downlink Shared Channel

Discontinuous Transmission

Enhanced Physical Downlink Control Channel
Energy Per Resource Element

Master Cell Group

Modulation and Coding Scheme

Negative Acknowledgement

Narrowband Physical Broadcast CHannel
Narrowband Physical Downlink Control CHannel
Narrowband Physical Downlink Shared CHannel
Narrowband Physical Random Access CHannel
Narrowband Physical Uplink Shared CHannel
Narrowband Primary Synchronization Signal
Narrowband Secondary Synchronization Signal
Narrowband Reference Signal

Physical Broadcast Channel

Physical Control Format Indicator Channel
Physical Downlink Control Channel

Physical Downlink Shared Channel

Physical Hybrid ARQ Indicator Channel
Physical Multicast Channel

Precoding Matrix Indicator

Physical Random Access Channel

Positioning Reference Signal

Physical Resource Block

Physical Sidelink Broadcast Channel

Physical Sidelink Control Channel

Primary Secondary cell
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PSDCH Physical Sidelink Discovery Channel
PSSCH Physical Sidelink Shared Channel
PSSS Primary Sidelink Synchronisation Signal
PUCCH Physical Uplink Control Channel
PUCCH-SCell PUCCH SCell
PUSCH Physical Uplink Shared Channel
PTI Precoding Type Indicator
RBG Resource Block Group
RE Resource Element
RI Rank Indication
RS Reference Signal
SCG Secondary Cell Group
SINR Signal to Interference plus Noise Ratio
SPS C-RNTI Semi-Persistent Scheduling C-RNTI
SR Scheduling Request
SRS Sounding Reference Symbol
SSSS Secondary Sidelink Synchronisation Signal
TAG Timing Advance Group
TBS Transport Block Size
UCl Uplink Control Information
UE User Equipment
UL Uplink
UL-SCH Uplink Shared Channel
VRB Virtual Resource Block
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4 Synchronization procedures
4.1 Cell search

Cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the
physical layer Cell ID of that cell. E-UTRA cell search supports a scalable overall transmission bandwidth
corresponding to 6 resource blocks and upwards.

The following signals are transmitted in the downlink to facilitate cell search: the primary and secondary
synchronization signals.

A UE may assume the antenna ports 0 — 3 and the antenna port for the primary/secondary synchronization signals of a
serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift and average delay.

4.2 Timing synchronization
4.2.1 Radio link monitoring

The downlink radio link quality of the primary cell shall be monitored by the UE for the purpose of indicating out-of-
sync/in-sync status to higher layers.

If the UE is configured with a SCG [11] and the parameter rIf-TimersAndConstantsSCG is provided by the higher layers
and is not set to release, the downlink radio link quality of the PSCell [11] of the SCG shall be monitored by the UE for
the purpose of indicating out-of-sync/in-sync status to higher layers.

In non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality,
evaluated over the previous time period defined in [10], against thresholds (Q,. and Q) defined by relevant testsin
[10].

In DRX mode operation, the physical layer in the UE shall at least once every DRX period assess the radio link quality,
evaluated over the previous time period defined in [10], against thresholds (Q,. and Q) defined by relevant testsin
[10].

If higher-layer signalling indicates certain subframes for restricted radio link monitoring, the radio link quality shall not
be monitored in any subframe other than those indicated.

The physical layer in the UE shall in radio frames where the radio link quality is assessed indicate out-of-sync to higher
layers when the radio link quality isworse than the threshold Q... When the radio link quality is better than the
threshold Q,, the physical layer in the UE shall in radio frames where the radio link quality is assessed indicate in-sync
to higher layers.

4.2.2 Inter-cell synchronization

No functionality is specified in this subclause in this rel ease.

4.2.3 Transmission timing adjustments

Upon reception of atiming advance command for a TAG containing the primary cell or PSCell, the UE shall adjust
uplink transmission timing for PUCCH/PUSCH/SRS of the primary cell or PSCell based on the received timing
advance command.

The UL transmission timing for PUSCH/SRS of a secondary cell is the same as the primary cell if the secondary cell
and the primary cell belong to the same TAG. If the primary cell in a TAG has a frame structure type 1 and a secondary
cell in the same TAG has aframe structure type 2, UE may assume that Ny, > 624.

If the UE is configured with a SCG, the UL transmission timing for PUSCH/SRS of a secondary cell other than the
PSCell isthe same as the PScell if the secondary cell and the PSCell belong to the same TAG.

Upon reception of atiming advance command for a TAG not containing the primary cell or PSCell, if al the serving
cellsin the TAG have the same frame structure type, the UE shall adjust uplink transmission timing for PUSCH/SRS of
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all the secondary cellsin the TAG based on the received timing advance command where the UL transmission timing
for PUSCH /SRS is the same for al the secondary cellsin the TAG.

Upon reception of atiming advance command for a TAG not containing the primary cell or PSCell, if aserving cell in
the TAG has a different frame structure type compared to the frame structure type of another serving cell in the same
TAG, the UE shall adjust uplink transmission timing for PUSCH/SRS of all the secondary cellsin the TAG by using
Nraoitset = 624 regardless of the frame structure type of the serving cells and based on the received timing advance
command where the UL transmission timing for PUSCH /SRS is the same for all the secondary cellsin the TAG.
Nraoffset 1S described in [3].

The timing advance command for a TAG indicates the change of the uplink timing relative to the current uplink timing
for the TAG as multiples of 16 T, . The start timing of the random access preamble is specified in [3].

In case of random access response, an 11-bit timing advance command [8], Ta, for a TAG indicates Ny, values by index
valuesof To=0, 1, 2, ..., 256 if the UE is configured with a SCG, and T, =0, 1, 2, ..., 1282 otherwise, where an amount
of the time alignment for the TAG is given by Nty = Ta x16. Nrais defined in [3].

In other cases, a 6-bit timing advance command [8], Ty, for a TAG indicates adjustment of the current Nra value, Nra giq,
to the new Nra value, Nranew, Dy index values of To =0, 1, 2,..., 63, where Nranew = Nraoa + (Ta —31)x16. Here,
adjustment of N, value by a positive or a negative amount indicates advancing or delaying the uplink transmission
timing for the TAG by a given amount respectively.

For atiming advance command received on subframe n, the corresponding adjustment of the uplink transmission timing
shall apply from the beginning of subframe n+6. For serving cellsin the same TAG, when the UE's uplink
PUCCH/PUSCH/SRS transmissions in subframe n and subframe n+1 are overlapped due to the timing adjustment, the
UE shall complete transmission of subframe n and not transmit the overlapped part of subframe n+1.

If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing
adjustment without timing advance command as specified in [10], the UE changes Nra accordingly.

4.3 Timing for Secondary Cell Activation / Deactivation

When a UE receives an activation command [8] for a secondary cell in subframe n, the corresponding actionsin [8]
shall be applied no later than the minimum requirement defined in [10] and no earlier than subframe n+8, except for the
following:

- theactionsrelated to CSI reporting on a serving cell which is active in subframe n+8

- theactionsrelated to the sCellDeactivationTimer associated with the secondary cell [8]
which shall be applied in subframe n+8.

- theactionsrelated to CSI reporting on a serving cell which is not active in subframe n+8
which shall be applied in the earliest subframe after n+8 in which the serving cell is active.

When a UE receives a deactivation command [8] for a secondary cell or the sCellDeactivationTimer associated with the
secondary cell expiresin subframe n, the corresponding actionsin [8] shall apply no later than the minimum
requirement defined in [10], except for the actions related to CSI reporting on a serving cell which is active which shall
be applied in subframe n+8.
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5 Power control

Downlink power control determines the Energy Per Resource Element (EPRE). The term resource element energy
denotes the energy prior to CP insertion. The term resource element energy also denotes the average energy taken over
al constellation points for the modulation scheme applied. Uplink power control determines the average power over a
SC-FDMA symbol in which the physical channel is transmitted.

5.1 Uplink power control

Uplink power control controls the transmit power of the different uplink physical channels.

For PUSCH, the transmit power If’pUSCHC(i) defined in subclause 5.1.1, isfirst scaled by the ratio of the number of
antennas ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission
scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is
transmitted.

For PUCCH or SRS, the transmit power ISPUCCH (i), defined in subclause 5.1.1.1, or FA’SRS,C(i) is split equally across

the configured antenna ports for PUCCH or SRS. FA’SRS,C(i) isthe linear value of Psgs (i) defined in subclause 5.1.3.

A cell wide overload indicator (Ol) and a High Interference Indicator (HI1) to control UL interference are defined in [9].

For a serving cell with frame structure type 1, a UE is not expected to be configured with
UplinkPower Control Dedicated-v12x0.

51.1 Physical uplink shared channel
If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms ‘ secondary cell’, ‘ secondary cells' , ‘serving cell’, ‘serving
cells inthis clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms ‘ secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving
cells inthis clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. Theterm ‘primary cell’ in this clause refers to the PSCell of the SCG.

If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both
primary PUCCH group and secondary PUCCH group

- When the procedures are applied for primary PUCCH group, the terms * secondary cell’, ‘ secondary cells'
‘serving cell’, ‘serving cells' inthis clause refer to secondary cell, secondary cells, serving cell, serving cells
belonging to the primary PUCCH group respectively.

- When the procedures are applied for secondary PUCCH group, the terms ‘ secondary cell’, ‘secondary cells’,
‘serving cell’, ‘serving cells' inthis clause refer to secondary cell, secondary cells, serving cell, serving cells
belonging to the secondary PUCCH group respectively.

51.1.1 UE behaviour

The setting of the UE Transmit power for a Physical Uplink Shared Channel (PUSCH) transmission is defined as
follows.

If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell ¢, then the UE transmit power
Prusch,c(i) for PUSCH transmission in subframei for the serving cell cisgiven by

Pemax c (i),

B S
puscH,c (i) mm{lOloglo(MPUSCH,c(i))Jf Po puscH,c(§) + ac(j) - Ple + Aqg c(i) + fe(i)

} [dBm]
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If the UE transmits PUSCH simultaneous with PUCCH for the serving cell ¢, then the UE transmit power
Prusch c(i)  for the PUSCH transmission in subframei for the serving cell ¢ isgiven by

Pruscrc(i) = min 10|0910(ﬁCMAX,c(i)._ PouccH (i))’ | | | | [dBm]
1010g;0(M pysch,c () + Po_pusch,c (1) + oc (i) - Pl + Atg (i) + fe (i)

If the UE is not transmitting PUSCH for the serving cell ¢, for the accumulation of TPC command received with DCI
format 3/3A for PUSCH, the UE shall assume that the UE transmit power Ppygcp (i) for the PUSCH transmissionin

subframei for the serving cell ¢ iscomputed by
Pouschc () = min{PCMAX,c (1), Po_puscrc D+ (1) - PL + fo (i) } [dBm]
where,

- Pemax c(i) isthe configured UE transmit power defined in [6] in subframei for serving cell ¢ and

lSCMAX,c(i) isthe linear value of Poyax (i) - If the UE transmits PUCCH without PUSCH in subframe i for

the serving cell ¢, for the accumulation of TPC command received with DCI format 3/3A for PUSCH, the UE
shall assume Peyax (i) asgiven by subclause 5.1.2.1. If the UE does not transmit PUCCH and PUSCH in

subframe i for the serving cell ¢, for the accumulation of TPC command received with DCI format 3/3A for
PUSCH, the UE shall compute Pryax (i) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT =0dB,

where MPR, A-MPR, P-MPR and AT are defined in [6].
- ﬁPUCCH (i) isthelinear value of Ppyccn (i) defined in subclause 5.1.2.1

- Mpysch (i) isthe bandwidth of the PUSCH resource assignment expressed in number of resource blocks valid
for subframei and serving cell c.

- If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢
and if subframe i belongsto uplink power control subframe set 2 as indicated by the higher layer parameter
tpc-SubframeSet-ri2,

- whenj=0, By pysciic(0) = Ry ue pusore2(0) + Fo nomimar_puscrc2(0) . wherej=0is used for PUSCH

(re)transmissions corresponding to a semi-persistent grant. By e puscri2(0) ad Py yovinar puscre2(0)

are the parameters p0-UE-PUSCH-Persi stent- SubframeSet2-r12 and pO-Nominal PUSCH-Persistent -
SubframeSet2-r12 respectively provided by higher layers, for each serving cell c.

- when =1, pyscrc() = By ue puscric2(D + Fonominar_puscrc2(1) - wherej=1 s used for PUSCH
(re)transmissions corresponding to a dynamic scheduled grant. Ry e pysciic2 (Dand

o NominaL_puscrc.2(1) are the parameters p0-UE-PUSCH-SubframeSet2-r12 and - p0-Nominal PUSCH-
SubframeSet2-r12 respectively, provided by higher layers for serving cell c.

- whenj=2, PO_PUSCH,C(Z) = PO_UE_PUSCH,C(Z) + PO_NOMINAL_PUSCH,C(Z) where PO_UE_PUSCH,C(Z) =0 and
PO_NOMINAL_PUSCH,C(Z) = PO_PRE + APREAMBLE_MSgS » Where the parameter

preambl el nitial ReceivedTar getPower [8] ( PO_PRE) and APREAMB,_E_,\,,SQ3 are signalled from higher layers

for serving cell ¢, where j=2 isused for PUSCH (re)transmissions corresponding to the random access
response grant.

Otherwise

- Po_pusch,c(]) isaparameter composed of the sum of acomponent Py nominaL_ puscH,c(]) Pprovided
from higher layers for j=0 and 1 and acomponent Po yg pusch,c(J) Pprovided by higher layersfor j=0 and
1for serving cell c¢. For PUSCH (re)transmissions corresponding to a semi-persistent grant then j=0, for
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PUSCH (re)transmissions corresponding to a dynamic scheduled grant then j=1 and for PUSCH
(re)transmissions corresponding to the random access response grant then j=2. Py yg pusch,c(2) =0 and

Po_ NomINAL_PuscH,c(2) = Po pre + ApreamBLE _Msg3+ Where the parameter
preambl el nitial ReceivedTar getPower [8] ( PO_PRE) and APREAMB,_E_,\,,SQ3 are signalled from higher layers
for serving cell c.

If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢

and if subframe i belongsto uplink power control subframe set 2 as indicated by the higher layer parameter
tpc-SubframeSet-r12,

- Forj=0orl, a(j)=«a,,¢c {0, 0.4,0.5,0.6,0.7,0.8, 0.9, l}. a, , isthe parameter alpha-
SubframeSet2-r12 provided by higher layers for each serving cell c.

- Forj=2, o.(j)=1.
Otherwise

- Forj=0or1, o€ {0,04,050.6 07038, 091} isa3-bit parameter provided by higher layers for
serving cell c. Forj=2, a.(j)=1.

PL. isthe downlink path loss estimate calculated in the UE for serving cell ¢ indBand PL. =

referenceS gnal Power — higher layer filtered RSRP, where referenceSignalPower is provided by higher layers
and RSRP is defined in [5] for the reference serving cell and the higher layer filter configuration is defined in
[11] for the reference serving cell.

- Ifservingcell ¢ belongsto a TAG containing the primary cell then, for the uplink of the primary cell, the
primary cell is used as the reference serving cell for determining referenceSignal Power and higher layer
filtered RSRP. For the uplink of the secondary cell, the serving cell configured by the higher layer parameter
pathlossReferencelinking defined in [11] is used as the reference serving cell for determining
referenceSgnalPower and higher layer filtered RSRP.

- Ifservingcell ¢ belongsto a TAG containing the PSCell then, for the uplink of the PSCell, the PSCell is
used as the reference serving cell for determining referenceSignalPower and higher layer filtered RSRP; for
the uplink of the secondary cell other than PSCell, the serving cell configured by the higher layer parameter
pathl ossReferencelLinking defined in [11] is used as the reference serving cell for determining
referenceSgnalPower and higher layer filtered RSRP.

- Ifservingcell ¢ belongstoaTAG not containing the primary cell or PSCell then serving cell ¢ isused as
the reference serving cell for determining referenceSignalPower and higher layer filtered RSRP.

AT,:’C(i)=1OI0g10((ZBPRE'KS—1)- OF#QCH) for Kg=1.25and0for K¢ =0where K isgiven by the

parameter deltaMCS-Enabled provided by higher layers for each serving cell ¢. BPRE and ﬁgf%gc"' , for

each serving cell ¢, are computed asbelow. Kg =0 for transmission mode 2.

c-1
- BPRE =0Oc(q, / Ngg for control data sent via PUSCH without UL-SCH data and z K, / Ngg for other

r=0
cases.

- where C isthe number of code blocks, K, isthesizefor codeblock r, Ocgq isthe number of
CQI/PMI bitsincluding CRC bits and Ng¢ isthe number of resource elements determined as
Npg = M BUSCH-initial \ PUSCH-nitd \vhere €, K,, M S""™@ and NSO are defined in

symb
(4.

- AR = B for control data sent via PUSCH without UL-SCH dataand 1 for other cases.

offset offset
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OpuscH,c Isacorrection value, aso referred to asa TPC command and is included in PDCCH/EPDCCH with

DCI format 0/4 or in MPDCCH with DCI format 6-0A for serving cell c or jointly coded with other TPC
commands in PDCCH/MPDCCH with DCI format 3/3A whose CRC parity bits are scrambled with TPC-
PUSCH-RNTI. If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for
serving cell ¢ and if subframe i belongsto uplink power control subframe set 2 as indicated by the higher
layer parameter tpc-SubframeSet-r12, the current PUSCH power control adjustment state for serving cell cis

givenby f_,(i), andthe UE shall use f_,(i) instead of f(i)to determine Ppyscp (i) . Otherwise, the

current PUSCH power control adjustment state for serving cell cisgivenby f (). f.,(i) and f.(i) are
defined by:

fe(i) = fc(i—1) +Spuschc (i —Kpusch) and f_,(i) = ., (i =1) + Spysopn (i — Kpyseyy) if accumulation

is enabled based on the parameter Accumulation-enabled provided by higher layers or if the TPC
command Jpyscy ¢ isincluded inaPDCCH/EPDCCH with DCI format O or ina MPDCCH with DCI

format 6-0A for serving cell ¢ where the CRC is scrambled by the Temporary C-RNTI

where dpysch (i — Kpyscr ) Was signalled on PDCCH/EPDCCH with DCI format 0/4 or MPDCCH
with DCI format 6-0A or PDCCH/MPDCCH with DCI format 3/3A on subframe i — Kpygy , @nd where

fc(0) isthefirst value after reset of accumulation. For a BL/CE UE configured with CEModeA,
subframe i — Kp gy iSthelast subframein which the MPDCCH with DCI format 6-0A or MPDCCH
with DCI format 3/3A is transmitteqd.

Thevaueof Kpygy IS
- For FDD or FDD-TDD and serving cell frame structuretype 1, Kpygey =4

- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration
of at least two configured serving cellsis not the same, or if the UE is configured with the parameter
EIMTA-MainConfigServCell-r12 for at least one serving cell, or for FDD-TDD and serving cell frame
structure type 2, the"TDD UL/DL configuration” refersto the UL-reference UL/DL configuration
(defined in subclause 8.0) for serving cell c.

- For TDD UL/DL configurations 1-6, Keuson isgivenin Table5.1.1.1-1

- For TDD UL/DL configuration O

- If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of DCI
format 0/4 or aMPDCCH of DCI format 6-0A in which the LSB of the UL index isset to 1,

Kpusch =7
- For al other PUSCH transmissions, Kp gy isgivenin Table5.1.1.1-1.

For serving cell ¢ and anon-BL/CE UE, the UE attempts to decode a PDCCH/EPDCCH of DCI format
0/4 with the UE's C-RNTI or DCI format 0 for SPS C-RNTI and a PDCCH of DCI format 3/3A with this
UE's TPC-PUSCH-RNTI in every subframe except when in DRX or where serving cell ¢ isdeactivated.

For serving cell ¢ and a BL/CE UE configured with CEModeA, the UE attempts to decode a MPDCCH
of DCI format 6-0A with the UE's C-RNTI or SPS C-RNTI and aMPDCCH of DCI format 3/3A with
this UE's TPC-PUSCH-RNTI in every BL/CE downlink subframe except when in DRX

For anon-BL/CE UE, if DCI format 0/4 for serving cell ¢ and DCI format 3/3A are both detected in the
same subframe, then the UE shall use the dpyscn ¢ provided in DCI format 0/4.

For aBL/CE UE configured with CEModeA, if DCI format 6-0A for serving cell c and DCI format 3/3A
are both detected in the same subframe, then the UE shall usethe dpyscy ¢ provided in DCI format 6-

OA.

ETSI



3GPP TS 36.213 version 13.2.0 Release 13 17 ETSI TS 136 213 V13.2.0 (2016-08)

OpyscH,c = 0dB for asubframe where no TPC command is decoded for serving cell ¢ or where DRX
occursor i isnot an uplink subframe in TDD or FDD-TDD and serving cell ¢ frame structure type 2.

The Spyschc dB accumulated values signalled on PDCCH/EPDCCH with DCI format 0/4 or

MPDCCH with DCI format 6-0A are givenin Table 5.1.1.1-2. If the PDCCH/EPDCCH with DCI format
0 or MPDCCH with DCI format 6-0A is validated as a SPS activation or release
PDCCH/EPDCCH/MPDCCH, then 5Pus<:H,c isOdB.

The Jpysey dB accumulated values signalled on PDCCH/MPDCCH with DCI format 3/3A are one of

SET1givenin Table5.1.1.1-2 or SET2 givenin Table 5.1.1.1-3 as determined by the parameter TPC-
Index provided by higher layers.

If UE hasreached Poyax c(i) for servingcell c, positive TPC commands for serving cell ¢ shal not
be accumulated

If UE has reached minimum power, negative TPC commands shall not be accumulated

If the UE is not configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving
cell ¢, the UE shall reset accumulation

- Forservingcell ¢, when Po yg pyschH,c Valueischanged by higher layers

- For serving cell ¢, when the UE receives random access response message for serving cell ¢

If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell
C ’

- the UE shall reset accumulation corresponding to f.(*) for serving cell ¢
- when Po yg pusch,c Valueischanged by higher layers
- when the UE receives random access response message for serving cell ¢

- the UE shall reset accumulation correspondingto f_ ,(*) for servingcell ¢

- when B, e pyscrcz valueischanged by higher layers

If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell
Cc and

- if subframe i belongsto uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-r12 f (i) = f (i —1)

- if subframe i does not belong to uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-r12 f_,(i) = f_,(i—1)

fe(i) = Spusch.c(i — Kpusch) and f (i) = Opysa o (i = Kpysen) if accumulation is not enabled for

serving cell ¢ based on the parameter Accumulation-enabled provided by higher layers

where dpysch (i — Kpyscr ) Was signalled on PDCCH/EPDCCH with DCI format 0/4 or MPDCCH
with DCI format 6-0A for serving cell ¢ on subframe i —Kpygy - For a BL/CE UE configured with

CEModeA, subframe i —Kpygy IS thelast subframein which the MPDCCH with DCI format 6-0A or
MPDCCH with DCI format 3/3A is transmitted.

Thevalueof Kp,gy IS

- For FDD or FDD-TDD and serving cell frame structure type 1, Kpygey =4
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- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration
of at least two configured serving cellsis not the same, or if the UE is configured with the parameter
EIMTA-MainConfigServCell-r12 for at least one serving cell, or FDD-TDD and serving cell frame
structure type 2, the"TDD UL/DL configuration” refersto the UL-reference UL/DL configuration
(defined in subclause 8.0) for serving cell c.

- For TDD UL/DL configurations 1-6, Kpuson isgivenin Table 5.1.1.1-1.

- For TDD UL/DL configuration O

- If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of DCI
format 0/4 or aMPDCCH with DCI format 6-0A in which the LSB of the UL index is set to 1,

Kpuscn =7
- For al other PUSCH transmissions, Kpygyy isgivenin Table5.1.1.1-1.

- The dpyscH dB absolute values signalled on PDCCH/EPDCCH with DCI format 0/4 or aMPDCCH

with DCI format 6-0A are givenin Table 5.1.1.1-2. If the PDCCH/EPDCCH with DCI format O or a
MPDCCH with DCI format 6-0A is validated as a SPS activation or release
PDCCH/EPDCCH/MPDCCH, then SpyscH ¢ is0dB.

- foranon-BL/CEUE, f.(i)=f.(i-1 and f ,(i)=f_ ,(i—1) forasubframewhereno

PDCCH/EPDCCH with DCI format 0/4 is decoded for serving cell ¢ or where DRX occursor i isnot an
uplink subframein TDD or FDD-TDD and serving cell ¢ frame structure type 2.

- for aBL/CE UE configured with CEModeA, f (i) = fo(i—-1) and f_,(i)= f_,(i—1) for asubframe

where no MPDCCH with DCI format 6-0A is decoded for serving cell ¢ or where DRX occursoriis
not an uplink subframein TDD.

- If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell
Cc and

- if subframe i belongsto uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-r12 f (i) = f (i —1)

- if subframe i does not belong to uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-r12 f_,(i) = f_,(i—1)

- For both typesof f.(*) (accumulation or current absolute) the first valueis set as follows:

- If Po ue puscH,c vaueischanged by higher layers and serving cell ¢ isthe primary cell or, if
Po UE puscH,c vaueisreceived by higher layersand serving cell ¢ isa Secondary cell
- f.(0)=0

- Else

- If the UE receives the random access response message for aserving cell ¢

f(0)=AP, . .+0

ampupc msg2,c ! where

- 9

msg2,c
random access preambl e transmitted in the serving cell ¢, see subclause 6.2, and

isthe TPC command indicated in the random access response corresponding to the
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10|0910(M PUSCH c(o))
AF)rarrpup,c = min max O' PCMAX,C -+ PO_PUSCH c(2) + 5n‘ng 1
+0,(2)- PL+ A .(0)

AP and AP

tampuprequested ¢ 1S Provided by higher layers and

rampuprequested,c

corresponds to the total power ramp-up requested by higher layers from the first to the last
preambleinthe serving cell ¢, M pygey (0) isthe bandwidth of the PUSCH resource

assignment expressed in number of resource blocks valid for the subframe of first PUSCH
transmission in the serving cell ¢, and A ¢(0) is the power adjustment of first PUSCH
transmission in the serving cell c.

- If PO_UE_PUSCH,C,Z valueisreceived by higher layers for a serving cell c.

fc,2(0) = O

Table 5.1.1.1-1: K, g for TDD configuration 0-6

TDD UL/DL subframe number i
Configuration [0 | 1|2 |3|4|5|6|7|8]|9
0 -1 6|74 -1 6|74
1 -l -1elal-]-[-16[4]-
2 - lal-1-1-1-1a]-[-
3 - -14(414)-1-1-1-1-
4 -l-Talal-1-1-171- -
5 -l -4l - - -1-1-1-1-
6 - -1717]s5[-1- 7] -

Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/3/4 to absolute and accumulated
5PUSCH,C values

TPCD((::(IJ?;Tn?QtdO'/::ISiIld M| Accumulated OpuscH,c [dB] | Absolute dpyscH,c [dB] only DCI format 0/4
0 -1 -4
1 0 -1
2 1 1
3 3 4

Table 5.1.1.1-3: Mapping of TPC Command Field in DCI format 3A to accumulated Jpyscy values

TPC Command Field in
DCI format 3A

0 -1

1 1

Accumulated opyscp ¢ [dB]

If the UE is not configured with an SCG or a PUCCH-SCell, and if the total transmit power of the UE would exceed
Pewax (i) , the UE scales If’pUSCHC(i) for the serving cell ¢ in subframei such that the condition

Z w(i)- lsPUSCH,c(i) < (lf)CMAX (i)- lsPUCCH ('))
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is satisfied where If’PUCCH(i) isthelinear value of Poyccn (i) . ﬁpUSCH’C(i) isthe linear value of Poyscn (i)

FA’C,\,I ax (1) isthelinear value of the UE total configured maximum output power Py, defined in [6] in subframe i
andw(i) isascaling factor of ISPUSCH,C(i) for serving cell ¢ where 0<w(i) <1. Incasethereisno PUCCH
transmission in subframei F};UCCH (i)=0.

If the UE is not configured with an SCG or a PUCCH-Scell, and if the UE has PUSCH transmission with UCI on
serving cell j and PUSCH without UCI in any of the remaining serving cells, and the total transmit power of the UE

would exceed ISCMAX (i) , the UE scales Ppysci,c (i) for the serving cells without UCH in subframei such that the
condition

ZW(i) : ISPUSCH,C (< (ISCMAX (- IsPUSCH,j ('))

c#j

is satisfied where ﬁW$H7j(i) isthe PUSCH transmit power for the cell with UCI and w(i) is a scaling factor of

ﬁPUSCH’C(i)fOr serving cell ¢ without UCI. Inthis case, no power scaling is applied to FA’pLJSCH,j 0]

unless ZW(i)- Pousch,c(i) =0 and thetotal transmit power of the UE still would exceed ISCMAX ().
C#]j

For a UE not configured with a SCG or a PUCCH-SCell, note that w(i) values are the same across serving cells
whenw(i) > 0 but for certain serving cells w(i) may be zero.

If the UE is not configured with an SCG or a PUCCH-SCell, and if the UE has simultaneous PUCCH and PUSCH
transmission with UCI on serving cell j and PUSCH transmission without UCI in any of the remaining serving cells,

and the total transmit power of the UE would exceed If’c,\,I ax (1), the UE obtains  Ppygcp (i) according to

~

Prosar; () = Min(Prser; (), (P () = Prvcan ()

and

SWG) - Prsorte () < (Poyga () = Procass () = P ()

c#j

If the UE is not configured with a SCG or a PUCCH-SCell, and

- If the UE is configured with multiple TAGs, and if the PUCCH/PUSCH transmission of the UE on subframe i
for agiven serving cell in aTAG overlaps some portion of the first symbol of the PUSCH transmission on

subframe 1 +1 for adifferent serving cell in another TAG the UE shall adjust its total transmission power to
not exceed PCM ax On any overlapped portion.

- If the UE is configured with multiple TAGs, and if the PUSCH transmission of the UE on subframe | for a
given serving cell in a TAG overlaps some portion of the first symbol of the PUCCH transmission on subframe

i +1 for adifferent serving cell in another TAG the UE shall adjust its total transmission power to not exceed
P-yax 0N any overlapped portion.

- If the UE is configured with multiple TAGs, and if the SRS transmission of the UE in a symbol on subframe |
for agiven serving cell in a TAG overlaps with the PUCCH/PUSCH transmission on subframe | or subframe
i +1 for adifferent serving cell in the same or another TAG the UE shall drop SRSif itstotal transmission

power exceeds PCM ax On any overlapped portion of the symbol.

- If the UE is configured with multiple TAGs and more than 2 serving cells, and if the SRS transmission of the UE
in asymbol on subframe | for agiven serving cell overlaps with the SRS transmission on subframe | for a
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different serving cell(s) and with PUSCH/PUCCH transmission on subframe | or subframe i + 1 for another
serving cell(s) the UE shall drop the SRS transmissionsiif the total transmission power exceeds PCM Ax Onany
overlapped portion of the symbol.

- If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH
in asecondary serving cell in paralel with SRS transmission in a symbol on a subframe of a different serving

cell belonging to adifferent TAG, drop SRSiif the total transmission power exceeds P-4, 0n any overlapped
portion in the symbol.

- If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH
in asecondary serving cell in parallel with PUSCH/PUCCH in adifferent serving cell belonging to a different
TAG, adjust the transmission power of PUSCH/PUCCH so that its total transmission power does not exceed

P-y1ax 0N the overlapped portion.

For a BL/CE UE configured with CEModeA, if the PUSCH is transmitted in more than one subframeiy, iy, ..., ing
whereig< ;< ...<iy.q, the PUSCH transmit power in subframeiy, k=0, 1, ..., N-1, is determined by

PPUSCH,c(ik) = PPUSCH,c (io)

For a BL/CE UE configured with CEModeB, the PUSCH transmit power in subframe iy is determined by

PPUSCH,c(ik) = PCMAX,c(iO)

5.1.1.2 Power headroom

There are two types of UE power headroom reports defined. A UE power headroom PH isvalid for subframei for
serving cell c.

If the UE is configured with a SCG, and if the higher layer parameter phr-ModeOther CG-r12 for a CG indicates
‘virtual’, for power headroom reports transmitted on that CG, the UE shall compute PH assuming that it does not
transmit PUSCH/PUCCH on any serving cell of the other CG.

If the UE is configured with a SCG,

- For computing power headroom for cells belonging to MCG, theterm ‘serving cell’ in this subclause refersto
serving cell belonging to the MCG.

- For computing power headroom for cells belonging to SCG, the term *serving cell’ in this subclause refers to
serving cell belonging to the SCG. The term ‘primary cell’ in this subclause refers to the PSCell of the SCG.

If the UE is configured with a PUCCH-SCadll,

- For computing power headroom for cells belonging to primary PUCCH group, the term ‘serving cell’ in this
subclause refersto serving cell belonging to the primary PUCCH group.

- For computing power headroom for cells belonging to secondary PUCCH group, the term ‘serving cell’ in this
subclause refers to serving cell belonging to the secondary PUCCH group. The term ‘primary cell’ in this
subclause refers to the PUCCH-SCell of the secondary PUCCH group.

Type 1:

If the UE transmits PUSCH without PUCCH in subframe i for serving cell ¢, power headroom for a Type 1 report is
computed using

PH ypet. ¢ (1) = Powax ¢ ()~ 11010930 (M pyscr, o () + Po, pusci,c (i) + %e(i) - Ple + Ate.c(i) + fo(i) | [dB]

where, Poyax (i), Mpuscrc(i) . Po puscrc(i) @c(i), Ple, A (i) and fo(i) aredefined in subclause
5.1.1.1.
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If the UE transmits PUSCH with PUCCH in subframe i for serving cell ¢, power headroom for a Type 1 report is
computed using

PH ype.c (1) = Pomax e ()~ 11010810(M puscr,c (1)) + Po_pusch, (1) + @e(i)- Pl + Ate.o(i) + fo() | [dB]

Whe|’6, M PUSCH,C(i) , PO_PUSCH,C(j) , ac(j), PLC, ATF,c(i) and fC(I) are defined in subclause 5.1.1.1.
5CM Ax,c(i) is computed based on the requirementsin [6] assuming a PUSCH only transmission in subframe i . For

this case, the physical layer delivers 5CM AX,c(i) instead of  Peyax (i) to higher layers.

If the UE does not transmit PUSCH in subframe i for serving cell ¢, power headroom for a Type 1 report is
computed using

PH yperc(1) = Pomax.c ()= 1 Po_puscr,c@ + @) - PLg + (i) | [dB]

where, ISCM ax c(i) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT =0dB, where MPR , A-
MPR, P-MPR and AT¢ are defined in [6]. Po pysch,c(d), ac(1), PLc, and fc(i) are defined in subclause 5.1.1.1.

Type 2:

If the UE transmits PUSCH simultaneous with PUCCH in subframe i for the primary cell, power headroom for a Type
2 report is computed using

(1010930 (M puscrc (0)+ Po, puscrc (1)+c (1) Ple+Arec )+ e (1))/10

N — A dB
PthpeZ(') PCMAX’C(I) 10log1o +10(P07PUCCH+PLc+h(”CQ|r”HARQ:”SR)*’AFjUCCH(F)+ATXD(F')+9(i))/1O [dB]

where, Pemax.c: Mpusch,c() . Po pusch,c(1), ac()), Are (i) and f (i) aretheprimary cell parameters as
defined in subclause 5.1.1.1 and Py pyccn s Ple, h(Negr s NHARG:NR) » AF pucer (F) . Ao (F') and g(i) are
defined in subclause 5.1.2.1

If the UE transmits PUSCH without PUCCH in subframe i for the primary cell, power headroom for a Type 2 report is
computed using

(10|0910(M pusch,c (1)) +Po_puscr,c (1) +ac(§)-Ple+Aqec i)+ e (i))/lO

dB]

PH i)=P i)—10lo )
type2 (1) = Pemax ¢ (i) 010 . 10(P0_PUCCH +PLo+gli))10

where, Pomaxc(), Mpusch,c(): Po puscH,c(1) s ac(i), A (i) and f.(i) aretheprimary cell parametersas
defined in subclause 5.1.1.1 and Py pyccn s PLe and g(i) aredefined in subclause 5.1.2.1.

If the UE transmits PUCCH without PUSCH in subframe i for the primary cell, power headroom for a Type 2 report is
computed using

(Po_PUSCH,c(1)+ac (D)-PLc+ fc(i))/lo

[dB]

PH i)=P, i)—10lo :
type2( ) CMAX'C( ) Y10 n 10(P0_PUCCH +PL; +h(”co| vnHARQvnSQ)"'AF_PUCCH (F)+A7o (F)+gfi ))/10
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where, P pysch,c(l), ac(l) and fc(i) aretheprimary cell parameters as defined in subclause 5.1.1.1,

Pemax.c() s Fo puccr » Ples M(Ncgr s NHarG NR) » Ak puccH (F) s Atxp (F') and g(i) arealso definedin
subclause 5.1.2.1.

If the UE does not transmit PUCCH or PUSCH in subframe i for the primary cell, power headroom for a Type 2
report is computed using

(Po, puscric (M+ac (D)-PLe + fe(i))/20

PH =P i)—10lo i [dB]
type2( ) CMAX'C( ) Y10 " lo(PO_PUCCH +PLg+gfi ))/ 10

where, ISCM ax.c(i) iscomputed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT =0dB, where MPR,,
A-MPR, P-MPR and AT¢ are defined in [6], Po pusch,c(D), (D) and f.(i) aretheprimary cell parametersas
defined in subclause 5.1.1.1and Py pyccr» PLc and g(i) aredefined in subclause 5.1.2.1.

If the UE is unable to determine whether there isa PUCCH transmission corresponding to PDSCH transmission(s) or
not, or which PUCCH resource is used, in subframe i for the primary cell, before generating power headroom for a
Type 2 report, upon (E)PDCCH detection, with the following conditions:

- if both PUCCH format 1b with channel selection and simultaneousPUCCH-PUSCH are configured for the UE,
or

- if PUCCH format 1b with channel selection is used for HARQ-ACK feedback for the UE configured with
PUCCH format 3 and simultaneousPUCCH-PUSCH are configured,

then, UE is allowed to compute power headroom for a Type 2 using

(10|0910(MPUSCH,c(i))+PO_PUSCH,c(j)+ac(j)‘PLc+ATF,C(i)+fc(i))/lo (dB]

PH i)="P i)—10l B
type2 (1) = Pomax ¢ (1) —10logyg . 10(Po_pucm +PLo+gli))10

where, Pemax,c() s Mpusch,c(), Po pusch,c(i), (i), A (i) and fc(i) aretheprimary cell parametersas

defined in subclause 5.1.1.1 and Py pyccr» PLc and g(i) aredefinedin subclause5.1.2.1.

The power headroom shall be rounded to the closest value in the range [40; -23] dB with steps of 1 dB and is delivered
by the physical layer to higher layers.

If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢ and if
subframe i belongsto uplink power control subframe set 2 asindicated by the higher layer parameter tpc-

SubframeSet-r12, the UE shall use f, (i) instead of fc (i) tocompute PH, ., (i) and PH, ., (i) for

subframei and serving cell ¢, where f_,(i) isdefinedin subclause5.1.1.1.

51.2 Physical uplink control channel

If the UE is configured with a SCG, the UE shall apply the procedures described in this subclause for both MCG and
SCG.

- When the procedures are applied for MCG, the term *serving cell’ in this subclause refers to serving cell
belonging to the MCG.

When the procedures are applied for SCG, theterm ‘serving cell’ in this subclause refers to serving cell belonging to the
SCG. Theterm ‘primary cell’ in this subclause refers to the PSCell of the SCG.If the UE is configured with a PUCCH-
SCell, the UE shall apply the procedures described in this subclause for both primary PUCCH group and secondary
PUCCH group.

- When the procedures are applied for the primary PUCCH group, the term ‘serving cell’ in this subclause refers
to serving cell belonging to the primary PUCCH group.
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- When the procedures are applied for the secondary PUCCH group, the term “serving cell’ in this subclause refers
to serving cell belonging to the secondary PUCCH group. The term ‘primary cell’ in this subclause refersto the
PUCCH-SCell of the secondary PUCCH group.

5121 UE behaviour

If serving cell cisthe primary cell, for PUCCH format 1/1a/1b/2/2a/2b/3, the setting of the UE Transmit
power Ppccy for the physical uplink control channel (PUCCH) transmission in subframei for serving cell ¢ is
defined by

Phuccn ()= min{PCMAX":(i)’ } [dBm]

Po puccH + PLc + h(nCQI NHARQ, ”5R)+ Af puccH (F)+ Ao (F') +g(i)

If serving cell cisthe primary cell, for PUCCH format 4/5, the setting of the UE Transmit power Py for the
physical uplink control channel (PUCCH) transmission in subframei for serving cell ¢ isdefined by

P (i )= min Pemax.c (1), [dBm]
poeer P pucch + PLc + 10|0910(M PUCCH,c (i ))+ Aree (i)+ Ar pucen (F)+g(i)

If the UE is not transmitting PUCCH for the primary cell, for the accumulation of TPC command for PUCCH, the UE
shall assume that the UE transmit power Ppyccy for PUCCH in subframei is computed by

Poucch (i): min{PCMAX,c(i)! Po pucch + PLc + g(i )} [dBm]
where

- Powmax c (i) isthe configured UE transmit power defined in [6] in subframei for serving cell c. If the UE

transmits PUSCH without PUCCH in subframe i for the serving cell ¢, for the accumulation of TPC command
for PUCCH, the UE shall assume Peyax (i) asgiven by subclause 5.1.1.1. If the UE does not transmit

PUCCH and PUSCH in subframe i for the serving cell c, for the accumulation of TPC command for PUCCH,
the UE shall compute Pyax ¢(i) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT =0dB, where

MPR, A-MPR, P-MPR and AT are defined in [6].

- Theparameter A pyccy (F) isprovided by higher layers. Each Ag pycc (F) Vvalue corresponds to a PUCCH
format (F) relative to PUCCH format 1a, where each PUCCH format (F ) is defined in Table 5.4-1 of [3].

- If the UE isconfigured by higher layers to transmit PUCCH on two antenna ports, the value of A,p (F')is
provided by higher layers where each PUCCH format F' is defined in Table 5.4-1 of [3] ; otherwise,
Ao (F)=0.

- h(ncgl ,NHARg ' Nr) isaPUCCH format dependent value, where ncq, corresponds to the number of
information bits for the channel quality information defined in subclause 5.2.3.3in[4]. ngg = 1if subframei is
configured for SR for the UE not having any associated transport block for UL-SCH, otherwise ngg =0. If the

UE is configured with more than one serving cell, or the UE is configured with one serving cell and transmitting
using PUCCH format 3, the value of nparg isdefined in subclause 10.1; otherwise, nyarq isthe number of

HARQ-ACK bits sent in subframei.

- For PUCCH format 1,1aand 1b h(an| NHARQ » nSR): 0

- For PUCCH format 1b with channel selection, if the UE is configured with more than one serving cell,

(AR —1) ,
h(nCQ| , nHARQ , ngq) = % , otherwise, h(nCQ| ,nHARQ , nSQ): 0

- For PUCCH format 2, 2a, 2b and normal cyclic prefix
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Ncol

] if nCQ| >4

0 otherwise

10lo
h(nCQI NHARQ, nSR)= 910{

- For PUCCH format 2 and extended cyclic prefix

10log;o

Ncql +NHARQ | .
_— if n +nNn >4
( 7 j col + NHARQ

h(”cq ' NHARQ, nSR):
0 otherwise

- For PUCCH format 3 and when UE transmits HARQ-ACK/SR without periodic CSI,

- If the UE isconfigured by higher layers to transmit PUCCH format 3 on two antenna ports, or if the UE
transmits more than 11 bits of HARQ-ACK/SR

nHARQ + Ny -1

h(Ncqr » AR NsR) = 3

- Otherwise

nHARQ +NR -1
h(Ncql s NHARQ ' NR) = -5,
- For PUCCH format 3 and when UE transmits HARQ-ACK/SR and periodic CSl,

- If the UE is configured by higher layersto transmit PUCCH format 3 on two antenna ports, or if the UE
transmits more than 11 bits of HARQ-ACK/SR and CSI

nHARQ +Ng + nCQI -1
3

h(an| 1 Nyarg:s nSR) =

- Otherwise

)=nHARQ+nSR+n -1

cqQl
can 1 Mharg 1 Nsr 2

h(n,

- For PUCCH format 4, M pccyc (i ) is the bandwidth of the PUCCH format 4 expressed in number of

resource blocks valid for subframe i and serving cell c. For PUCCH format 5, M F)UCCH’C(i )=1.

Are (1) =1010g,,(2%° ~1) where BPRE()= O (i)/ Nec(i):
O, (i) isthe number of HARQ-ACK/SR/RI/CQI/PMI bitsincluding CRC bits transmitted on PUCCH
format 4/5 in subframe i;

T Neeli)= Moo oi)- N2 - NEUCEH for PUCCH format 4 and Nee ()= N2 N2/ 2 for PUCCH format 5;

- N o, (NQEm _1)_1 if shortened PUCCH format 4 or shortened PUCCH format 5 is used in subframe i
and NUCeH — 2‘(N;;b—1) otherwise.

- Py pucc isaparameter composed of the sum of aparameter Py yominal_puccn Provided by higher layers
and a parameter Po_ug_pucm provided by higher layers.

- Opyccy 1SaUE specific correction value, also referred to as a TPC command, included in a PDCCH with DCI

format 1A/1B/1D/1/2A/2/2B/2C/2D for the primary cell, or included in aMPDCCH with DCI format 6-1A, or
included in an EPDCCH with DCI format  1A/1B/1D/1/2A/2/2B/2C/2D for the primary cell, or sent jointly
coded with other UE specific PUCCH correction values on a PDCCH/MPDCCH with DCI format 3/3A whose
CRC parity bits are scrambled with TPC-PUCCH-RNTI.
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- For anon-BL/CE UE, if the UE is not configured for EPDCCH monitoring, the UE attempts to decode a
PDCCH of DCI format 3/3A with the UE's TPC-PUCCH-RNT]I and one or several PDCCHs of DCI format
1A/1B/1D/1/2A12/2B/2C/2D with the UE's C-RNTI or SPS C-RNTI on every subframe except whenin
DRX.

- If aUEisconfigured for EPDCCH monitoring, the UE attempts to decode

- aPDCCH of DCI format 3/3A with the UE's TPC-PUCCH-RNTI and one or several PDCCHs of DCI
format 1A/1B/1D/1/2A/2/2B/2C/2D with the UE's C-RNTI or SPS C-RNTI as described in subclause
9.1.1, and

- oneor several EPDCCHs of DCI format 1A/1B/1D/1/2A/2/2B/2C/2D with the UE's C-RNTI or SPS C-
RNTI, as described in subclause 9.1.4.

- For aBL/CE UE configured with CEModeA, the UE attempts to decode aMPDCCH of DCI format 3/3A
with the UE's TPC-PUCCH-RNTI and MPDCCH of DCI format 6-1A with the UE's C-RNTI or SPS C-
RNTI on every BL/CE downlink subframe except when in DRX.

- If the UE decodes
- aPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or
- an EPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or
- an MPDCCH with DCI format 6-1A

for the primary cell and the corresponding detected RNTI equalsthe C-RNTI or SPS C-RNTI of the UE
and the TPC field in the DCI format is not used to determine the PUCCH resource as in subclause 10.1,
the UE shall usethe Opyccy provided in that PDCCH/EPDCCH/MPDCCH.

Else

- if the UE decodes a PDCCH/MPDCCH with DCI format 3/3A, the UE shall usethe dpccy providedin
that PDCCH/MPDCCH

elsethe UE shall set Spycey =0 dB.

M-1
- g)=9@(-+ Z Opucen (iI—K,,) where g(i) isthe current PUCCH power control adjustment state and

m=0

where g(0)isthe first value after reset.
- For FDD or FDD-TDD and primary cell frame structuretype 1, M =1 and Kk, =4.

- For TDD, valuesof M and K, aregivenin Table 10.1.3.1-1, where the “UL/DL configuration” in

Table 10.1.3.1-1 corresponds to the eimta-HARQ-ReferenceConfig-r 12 for the primary cell when the UE
is configured with the parameter EIMTA-MainConfigServCell-r12 for the primary cell.

- The 5PUCCH dB values signalled on PDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or EPDCCH

with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or MPDCCH with DCI format 6-1A are givenin Table
5.1.2.1-1. If the PDCCH with DCI format 1/1A/2/2A/2B/2C/2D or EPDCCH with DCI format
1/1A/2A72/2B/2C/2D or MPDCCH with DCI format 6-1A is validated as an SPS activation
PDCCH/EPDCCH/MPDCCH, or the PDCCH/EPDCCH with DCI format 1A or MPDCCH with DCI

format 6-1A isvaidated as an SPS release PDCCH/EPDCCH/MPDCCH, then Jp ey 1S 0dB.

- The Spycey 0B values signalled on PDCCH/MPDCCH with DCI format 3/3A are given in Table
5.1.2.1-1orinTable5.1.2.1-2 as semi-statically configured by higher layers.

- If Py ue puccn Valueischanged by higher layers,

- 9(0)=0
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- Else

- g(0)=AR + Opgg2 » Where

ampup

- Omge 1Sthe TPC command indicated in the random access response corresponding to the random

access preamble transmitted in the primary cell, see subclause 6.2 and

- if UE istransmitting PUCCH in subframei,

R)_PUCCH
AR iy =Minf ymMaX| 0, Poyax c —| + PL. +h(Nggy Nuaro Ner) ,
+AF_PUCCH (F) +ATXD(F|)

AP

rampuprequested

Otherwise,

AR =mi n[{max(o, PCMAX c (PO_PUCCH + PLc ))}’ APran‘puprequested ]and Apramp“preq” ested

rampup
is provided by higher layers and corresponds to the total power ramp-up requested by higher layers
from the first to the last preamble in the primary cell.

- If UE hasreached Poyax (i) for the primary cell, positive TPC commands for the primary cell shall
not be accumulated.

- If UE has reached minimum power, negative TPC commands shall not be accumulated.
- UE shall reset accumulation

- when Py ye puccn  Valueischanged by higher layers

- when the UE receives a random access response message for the primary cell

- g(@i)=9g(i-2 if I isnotan uplink subframein TDD or FDD-TDD and primary cell frame structure
type 2.

For aBL/CE UE configured with CEModeA, if the PUCCH is transmitted in more than one subframe iy, iy, ..., in1
whereip< i< ...<iy4, the PUCCH transmit power in subframeiy , k=0, 1, ..., N-1is determined by

PPUCCH c (i k) = PPUCCH c (io)

For aBL/CE UE configured with CEModeB, the PUCCH transmit power in subframe iy is determined by

PPUCCH c (i k) = PCMAX c (io)
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Table 5.1.2.1-1: Mapping of TPC Command Field in DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3t0 Op,cepy

values
TPC Command Field in ) [dB]
DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3 PUCCH
0 -1
1 0
2 1
3 3

Table 5.1.2.1-2: Mapping of TPC Command Field in DCI format 3At0 Op,ccy Values

TPC Command Field in
DCI format 3A Opucen| [9B]
0 -1
1 1

5.1.3 Sounding Reference Symbol (SRS)
5.13.1 UE behaviour

The setting of the UE Transmit power Pgrgfor the SRS transmitted on subframei for serving cell ¢ is defined by

Parsci)= min{ Powax.c()s Pors orrseT.o(M) +1010g30(Mars.c) + Po puscre(i) + (i) Ple + fo(i) | [dBm]

where
- Pomaxc(i) isthe configured UE transmit power defined in [6] in subframei for serving cell c.
- Psrs oFrseT (M) issemi-statically configured by higher layers for m=0 and m=1 for serving cell c. For SRS
transmission given trigger type 0 then m=0 and for SRS transmission given trigger type 1 then m=1.

- Mggs isthebandwidth of the SRS transmission in subframei for serving cell ¢ expressed in number of
resource blocks.

fo(i) isthecurrent PUSCH power control adjustment state for serving cell ¢, see subclause 5.1.1.1.

- Po puschc(i) and ¢(j) areparametersas defined in subclause 5.1.1.1 for subframe I, where j=1.

If the UE is not configured with an SCG or aPUCCH-SCell, and if the total transmit power of the UE for the Sounding
Reference Symbol in an SC-FDMA symbol would exceed Peyax (i) , the UE scales Psrs,c (i) for the serving cell ¢
and the SC-FDMA symbol in subframei such that the condition

D (i) P o () < Porax ()

is satisfied where ISSRSC(i) isthe linear value of Pyrs (i), Pouax (i) isthelinear value of Peyay definedin[6] in
subframei andw(i) isascaling factor of ﬁSRSC(i) for serving cell ¢ where O<w(i) <1. Note that w(i) values are

the same across serving cells.

If the UE is not configured with an SCG or a PUCCH-SCell, and if the UE is configured with multiple TAGs and the
SRS transmission of the UE in an SC-FDMA symbol for aserving cell in subframe i ina TAG overlaps with the SRS
transmission in another SC-FDMA symbol in subframe 1 for aserving cell in another TAG, and if the total transmit

power of the UE for the Sounding Reference Symbol in the overlapped portion would exceed I5C,\,I ax (i) , the UE scales
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ISSRSC(i) for the serving cell ¢ and each of the overlapped SRS SC-FDMA symbolsin subframe | such that the
condition

D W) - P o 1) < Poygax (1)

is satisfied where ISSRSC(i) isthe linear value of Py (i), Pouax (i) isthelinear value of Peyay definedin[6] in

subframei andw(i) isascaling factor of ﬁSRSC(i) for serving cell ¢ where O< w(i) <1. Note that w(i) values are
the same across serving cells.

If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢ and if
subframe i belongs to uplink power control subframe set 2 asindicated by the higher layer parameter tpc-
SubframeSet-r12, the UE shall use f, (i) instead of f¢ (i) to determine Pagg(i) for subframei and serving cell

c,where f_,(i) isdefinedin subclause5.1.1.1.

5.1.4 Power allocation for dual connectivity
If aUE is configured with multiple cell groups,

- if the UE supports synchronous dual connectivity but does not support asynchronous dual connectivity, or if the
UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher layer
parameter power ControlMode indicates dual connectivity power control mode 1

- if the maximum uplink timing difference between transmitted signals to different serving cellsincluding
serving cells belonging to different CGsis equal to or less than the minimum regquirement for maximum
transmission timing difference for synchronous dual connectivity defined in [10].

- The UE shall use the procedures described in sub clause 5.1.4.1.

- If aPRACH transmission of the UE on the Pcell starting in subframe ilof MCG overlapsin time domain
with another PRACH transmission of the UE starting in subframe 12 of SCG, and if subframe i1 and
subframe 2 overlap in time with more than one symbol, and if the total power of both the PRACH
transmissions would exceed If’CM ax (11,12) , the UE shall transmit the PRACH on the Pcell using the
preamble transmission power P, o, described in subclause 6.1. The UE may drop or adjust the power
of the PRACH transmission in subframe 12 of SCG such that the total power does not exceed

FSC,\,IAX (iLi2), where ISCMAx (11,1 2) isthe linear value configured transmitted power for Dual

Connectivity for the subframe pair (i Li 2)as described in [6]. If the UE drops the PRACH

transmission, it sends power ramping suspension indicator to the higher layers. If the UE adjusts the
power of PRACH transmission, it may send power ramping suspension indicator to the higher layers.

- if the UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher
layer parameter power Control Mode does not indicate dual connectivity power control mode 1

- The UE shall use the procedures described in sub clause 5.1.4.2 .

- If aPRACH transmission on the Pcell in subframe ilof MCG overlapsin time another PRACH
transmission in subframe |2 of SCG, and if the time difference between the start of the two PRACH
transmissionsislessthan 30720- T, and if the transmission timing of the PRACH on the Pcell (according
to subclause 6.1.1) is such that the UE is ready to transmit the PRACH on Pcell at least one subframe before
subframe i1of MCG, and if the total power of both the PRACH transmissions exceeds FA’CM ax (1L12), the
UE shall transmit the PRACH on the Pcell using the preamble transmission power PpracH described in
subclause 6.1. The UE may drop or adjust the power of the PRACH transmission in subframe 12 of SCG

such that the total power does not exceed FA’CM ax (1412) , where FA’CM ax (11,12) isthelinear value
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configured transmitted power for Dual Connectivity for the subframe pair (i Li 2)as described in[6]. If the
UE drops the PRACH transmissions, it sends power ramping suspension indicator to the higher layers. If the

UE adjusts the power of PRACH transmission, it may send power ramping suspension indicator to the higher
layers.

5141 Dual connectivity power control Mode 1

If the UE PUSCH/PUCCH transmission(s) in subframe i1 of CG1 overlap in time with PUSCH/PUCCH
transmission(s) in more than one symbol of subframe 12 of CG2 or if at |least the last symbol the UE PUSCH/PUCCH
transmission(s) in subframe 11 of CG1 overlap in time with SRS transmission(s) of subframe 2, and

if the UE has a PUCCH/PUSCH transmission with UCI including HARQ-ACK/SR in subframe i1 of CG1: If
the UE has a PUCCH transmission with UCI including HARQ-ACK/SR in subframe i1 of CG1 and if

FA’F,UCCH _cc1(i1) would exceed SI(i1), the UE scales FA’F,UCCH _cc(12) such that the condition
OA(i1) - Poyeer cer(i2) = max{0, SI(i1) } is stisfied where 0< @/A(i1) <1 and
lS'PUCCH _cGL (i1 = (i - lSPUCCH _CGl(il) A lSPUCCH _CG:L(il) would not exceed Sl(i1),

A

FA>'PUCCH a1 (1) = Poycen cea(id) - If the UE has a PUSCH transmission with UCH including HARQ-ACK in
subframe i1of serving cell ¢, € CGL, andif Poey «(i1) would exceed S1(i1) , the UE scales
lspusw < (12) such that the condition </A(i1)- APUSCH (D= max{0, SI(i1) } is satisfied where
0< (i) <1 and P'oygyy g (i) = 0AGD)  Poygeyy o, (1) - 1 Pryeyr o, (1) would not exceed SI(i1),
Peuscn (1) = Pryson o (11).
S1(i1) isdetermined as follows

0,

Pali2)[ '}

. - o ~ ~ .| MaXy A 19y Yce2
SL(i1) = Pryax (11,12) — P, (iD) — P,y (i2) — min Powax (11,12) 100
P (i2)
where

lsul(il) = ISPRACH _CGl(il) ;

- ifCGlisMCG and CG2is SCG,

lsql(i 2)= lsPRACH 7cez(i 2);

P (12)= Prcen 00212+ T (B, 12+ P, (12)):

¢,eCG2
- ifCGlisSCG and CG2isMCG

- if the UE hasa PUCCH transmission with UCI including HARQ-ACK/SR subframe |2 of CG2,

I:A)ql(i 2)= ISPRACH ce2(i2) + IS'PUCCH ce2(12);

FLi2= Y (Flumcz(iz)* LSRS,Cz(iZ)j

¢,eCG2

- elseif the UE hasa PUSCH transmission with UCI including HARQ-ACK in subframe 12 of serving cell
j,e CG2,
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- ql(l 2) = Pogach_ce2(12) + P'pUSCH s (i2);
i IE\)'ql (i2)= Z lsPU&ZH o, (12)+ Z lSSRs,c2 (i2);
c,eCG2,c#], c,eCG2

- otherwise,

q1(|2) Poracr cez('z)

q1 (12) = Poycen CGZ(I 2) + Z (ﬁPUS’;H S (i2)+ LSRS,% (i 2))

,eCG2

- if the UE hasa PUCCH/PUSCH transmission with UCI not including HARQ-ACK/SR in subframe i1 of CG1:
If the UE has a PUCCH transmission with UCI not including HARQ-ACK/SR in subframe 11 of CG1 and if

Poucon _ce1(i1) would exceed S2(i1), the UE scales Poucon _cc1(12) such that the condition

o 2(i1) - Poyeeyr coa(i1) = max{0, S2(i1) }is satisfied where 0 < or2(i1) <1 and

P puccH_co (1D = 0(2(|1) PF,UCCH ca(iD) I PF,UCCH _ce1(i1) would not exceed S2(i1),

FA>'PUCCH a1 (1) = Poycen cea(id) - If the UE hasa PUSCH transmission with UCI not including HARQ-
ACK in subframe i1of serving cell ¢, € CGL, andif Pa,gy <, (i1) would exceed S2(i1) , the UE scales
FA>F,U5]CH < (12) such that the condition &2(i1)- If’PUSCH ()= max{0, S2(i1)} is satisfied where
0<a2(il) <1 and P'peyy o (1) =0a2(i1)- PF,USCH (i2) . 1f Poyecys < (i2) would not exceed S2(i1),

P PUSCH ¢, (iD= Boyscn q('l)
S2(i1) is determined as follows

0,
) ~ L A A .| max Yege ;
S2(i1) = Pyax (i1,i2) — P, (i1) — P, (i2) — min Poax (i1,i2)- 100 q2(l2)
P2 (i2)
where

- P,(i1) = Poacs car(iD+ P oo _ce1 (11)if the UE hasa PUCCH transmission with HARQ-ACK/SR
and aPUSCH transmission with UCI not including HARQ-ACK in subframe 11 of CG1, otherwise,
P2 (1) = Pogacr_can(iD) -

- ifCG1lisMCG and CG2 is SCG

- if the UE hasa PUCCH transmission with UCI including HARQ-ACK/SR in subframe 12 of CG2,

q2 (I 2) PRACH CGZ(I 2) + I:)IPUCCH _CG2 (I 2)

PLi2=Y (ISPUg;H,CZ(iZ)Jr eres,%(iz));

,eCG2

- dseif the UE hasa PUSCH transmission with UCI including HARQ-ACK in subframe |2 of serving cell
j,e CG2,
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FA)qz (i2)= lsPRACH _CG2 (i2)+ lsIPUS’;H b (i2)

i FA)ICIZ (i2) = Z lsPU&:H o, (2)+ Z 5SRS,CZ (i2);
C,eCG2,c#], c,eCG2

- otherwise,

Iqu (i2)= lSPRACH _CG2 (i2)

P02 = Prcon_cca2+ 3 (P, (12)+ Prs,, (12))

c,eCG2
- ifCGlisSCGand CG2isMCG
- if the UE hasaPUCCH transmission in subframe 12 of CG2 and/or aPUSCH transmission with UCI in
in subframe 12 of serving cell j, € CG2

P.2(12) = Pogact c02(12)+ Plovcent o2 (12)+Plougen .y, (i2)

Islqz (i12)= Z lsPUEI:H Co (i2)+ Z E)‘S?chz (i2)

c,eCG2,6,#]5 c,eCG2

PPUCCH _CG2 (i 2) =0

where, if the UE does not have a PUCCH transmission in subframe |2 of

P, o  (i2) =
CG2;  PuscH ’12( )=0 if the UE does not have a PUSCH transmission with UCI in subframe
i20f CG2;

- otherwise

Iqu (i2)= lSPRACH _CG2 (i2)

Pe(2= 3 (P, (2)+ Pes,, (2))

,eCG2

- If the UE has PUSCH transmission(s) without UCI in subframe ilof CG1, the UE shall determine
0,

: A - A A .| Maxy 5 10y, Yce2 _ B
S3(i1) = Poyax (1L,i2) = P3(11) — P3(12) — min Pewax (iLi2) - 100 Ras(i2)

P2

where

- if the UE has aPUCCH transmission in subframe i1lof CG1 and/or a PUSCH transmission with UCI inin
subframe ilof serving cell J; € CGLP,5(11) = Pogacy co1(iD) + P'oycen_cor (1D + P'oygen , (11)

where Pyyoon _cc1(i1) = 0 if the UE does not have a PUCCH transmission in subframe i1of
CGl1, FA’PUSCH i, (12) = Qif the UE does not have a PUSCH transmission with UCI in subframe i1of co1;

OtherWiSEFA)us(il) = lsPRACH car(iD);

- ifCG1lisMCG and CG2 is SCG
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- if the UE has a PUCCH transmission in subframe 12 of CG2 and/or a PUSCH transmission with UCI in
in subframe 12of serving cell  j, € CG2

Ps(12) = Poractt_c02(12) + P'ovcen co2 (12)+ Poygsy ;, (i2)

- Pei2= D Paugng (D+ Y P (i2)
c,eCG2,co#], c,eCG2

A

P i2)=0 :
PUCCH —CGZ( ) if the UE does not have a PUCCH transmission in subframe 12 of

where,
CcG2: PPUS;CH,J'2 (i2)=0

i20of CG2;

if the UE does not have a PUSCH transmission with UCI in subframe

- otherwise

FA)qa (i 2) = lsPRACH _CG2 (i 2)

Po2)= 3 (P 12+ Pos (12

,eCG2

- if CG1lisSCG and CG2isMCG

I:A)qs(i 2) = IE\)PRACH 7cez(i 2) + FA)' PUCCH _CG2 (i 2) + Z lsIPU&:H C (i 2)

¢,eCG2

Pi2)= Y Pre. (i2)

¢,eCG2 .

- If thetotal transmit power of all the PUSCH transmission(s) without UCI in subframe 11of CG1 would exceed
S3(i1) , the UE scales Py, (1) for each serving cell ¢, € CG1 with a PUSCH transmission without UCI

in subframe 11 such that the condition Zw(il)- ISPUSCH’q(il) <max{0,S3(i1)} issatisfied, where
ceCG1

ﬁ'pusm,q (D) =w(i1)- FA’F,L,SCHcl (11) , and where W(il) isascaling factor of FA’PUSCH’q(il) for serving cell
¢, where 0 < w(i1) <1. Notethat W(i1) values are the same across serving cells within a cell group
whenw(i1) > O but for certain serving cells within the cell group W(il) may be zero. If the total transmit power
of all the PUSCH transmission(s) without UCI in subframe 11of CG1 would not exceed S3(i1) ,

If)lPUSCH,cl (iD= I:A)Puscn-Lq (iD.
where

If’c,\,I ax (11,12) isthe linear value of configured transmitted power for Dual Connectivity for the subframe pair
(i1,i2)as described in [6];

- ifCGlisMCG and CG2isSCG

ISPUCCH_Cel(i 1) isthelinear value of Ppy,qy (i) corresponding to PUCCH transmission on the primary

A

cell; Poycon ce2(i2) isthelinear value of Pyyccy (12) corresponding to PUCCH transmission on the
PSCell.

Yee1 = Ywmce
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- if CG1isSCG and CG2isMCG;

A

- Poyccr cer(i1) isthelinear value of Pyyccy; (11) corresponding to PUCCH transmission on the PSCell;

A

Pouccr cez(i2) isthelinear value of Py (12) corresponding to PUCCH transmission on the primary
cell.

Ve = Vo

A

- Buscr, (1) isthelinear value of Bygey, o, (11) for subframe ilof serving cell of serving cell ¢, € CGL, and

A~

Pruscrc, (12) isthelinear value of Py, (i2) for subframe i20f serving cell of serving cell ¢, e CG2.

- Ywce @d Yo @egiven by Table 5.1.4.2-1 according to higher layer parameters p-MeNB and p-SeNB
respectively;
- If the UE hasa PRACH transmission for CG1 overlapping with subframe i1 of CG1, Pogacy ca(iDisthe

linear value of the transmission power of that PRACH transmission; otherwise, Pogacy car(iD =0;

- If the UE hasa PRACH transmission for CG2 overlapping with subframe 12 of CG2, Pogaq ce2(i2)isthe

linear value of the transmission power of that PRACH transmission; otherwise, Pogacy ce2(12) =0.

A

59?3,% (i2) isdetermined asfollows

- if the PUSCH/PUCCH is not transmitted in the last symbol of subframe i1 of CG1, or if the UE does not
have an SRS transmission in subframe 12 of serving cell C, € CG2or if the UE drops SRS transmission

in subframe 12 of serving cell C, € CG2 dueto collision with PUCCH in subframe 12 of serving cell
c,e CG2

] '|5s?sy%(i2) -0:

- if the UE has an SRS transmission and does not have a PUCCH/PUSCH transmission in subframe 12 of
serving cell C, € CG2

5SRS,CQ (i2)= ISSRS,CQ (i2);

- if the UE has an SRS transmission and a has PUCCH transmission, and does not havea PUSCH
transmission in subframe 12 of serving cell ¢, € CG2

S 0,
Pgs o (12) = maxy 4 _ ~ _
e {F)SRS,QZ (i2) = Poycen_cea(( 2)}

- if the UE has an SRS transmission and a has PUSCH transmission, and does not havea PUCCH
transmission in subframe 12 of serving cell ¢, € CG2

2 0,
Pgs e (12) = maxq ~ , ~ ,
e {Psas,cz (' 2) - PPUSCH C (' 2)}
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- if the UE has an SRS transmission and has a PUSCH transmission and a PUCCH transmission in in subframe
12 of servingcell C,€ CG2

2 0,
Pgs e (12) = maxs ~ ) " _ ~ .
o {PSRS*CZ (12) = Pruser 2 (i2) = Poycon _cez(' 2)}

If the total transmit power for the Sounding Reference Symbol in an SC-FDMA symbol across al the serving cells
within a TAG of acell group CG1 would exceed S4(i1) , the UE scales Py . (i1) for the serving cell

C, € CGland the SC-FDMA symbol in subframe i1 such that the condition Zv(il)- If’smC1 (1) <S40
ceCG1

issatisfied, where IS'SRS,Cl (i) =v(i))- FA’SRS’cl(il) is the transmission power of SRS after scaling and where

ﬁSRS,cl (i1) isthelinear value of Pyg  (i1) described in section 5.1.3.1, and V(i) isascaling factor of FA’SRS’Cl (i1

for serving cell €, € CGL where 0< V(i) <1. Notethat V(i) values are the same across serving cells within the
same CG.

If the UE is configured with multiple TAGs within CG1 and the SRS transmission of the UE in an SC-FDMA symbol
for aserving cell in subframe i1inaTAG belonging to CG1 overlaps with the SRS transmission in another SC-FDMA
symbol in subframe 11for aserving cell in another TAG belonging to CG1, and if the total transmit power of the UE

for the Sounding Reference Symbol in the overlapped portion would exceed S4(i1) , the UE scales FA’SRS’Cl (i2) for the
serving cell C; € CGL and each of the overlapped SRS SC-FDMA symbolsin subframe i1 such that the condition

Zv(il) . ISSRS,cl (i1) < SA(i1) issatisfied, where FA"SRS’Cl (i) =v(il)- FA’SRS’q(il) is the transmission power of
ceCG1

SRS after scaling, and where V(il) isascaling factor of FA’SRSCl (i1 for serving cell ¢, where 0<Vv(i1l) <1.Note

that v(i1) values are the same across serving cells within a cell group.

SA(i1) isdetermined as follows
0,

R ~ maxy ~ . ~L
S4(i1) = PCMAX (il,i2) - Pq4(i 2) —-min PCMAX (|11|2) '%_ 3140 2)
P (i2)
where
- IfCGlisMCG and CG2 is SCG
Féq4(i 2) = lSPRACH _cez(i 2) + IS'PUCCH _CG2 (i 2) + Z IS'PUSCH A (i 2)

¢,eCG2

Pa(i2)= > Prs,(i2)

¢,cCG2

- ifCG1isSCGand CG2isMCG
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Py (' 2) = Porach _ce2 (i2)+ PIPUCCH _ce2 (i2)+ Z P'PUSCH c2 (i2)+ Z F)'SRSC2 (i2)

¢,eCG2 ¢,eCG2

P'.(i2)=0
if the UE has no PUCCH transmission or has a shortened PUCCH transmission in subframe |2 of CG2,

P'PUCCH_CGZ (i2) =0; otherwise P’ _CG2 (i2)= P'PUCCH_CGZ (i2)

if the UE has no PUSCH transmission in the last symbol of subframe 12 of serving cell C, € CG2,

5 PUSCH ¢, (i2)=0; OtherW'S‘eP PUSCH ¢, (i2)= P|PUSCH S (i2)

if the UE has PRACH transmission in CG2 that overlaps with the last symbol of subframe |2 of CG2,

lSPRACH _cez(i 2)= IE\)PRACH _cez(i 2) ; otherwise ISPRACH _cez(i 2)=0

For both cell groups

if the PUCCH/PUSCH transmission of the UE on subframe i1 for agiven serving cell inaTAG of CG1
overlaps some portion of the first symbol of the PUSCH transmission on subframe i1+ 1 for adifferent serving

cell in another TAG of CG1 and/or overlaps with the PUCCH/PUSCH transmission on subframe 12+ 1 for a
serving cell in another TAG of CG2, the UE shall adjust its total transmission power of all CGs such that the

total transmission power of the UE across all CGs does not exceed Py, ON any overlapped portion.

if the PUSCH transmission of the UE on subframe i1 for agiven serving cell ina TAG of CG1 overlaps some
portion of the first symbol of the PUCCH transmission on subframe i1+ 1 for adifferent serving cell in another

TAG of CG1 and/or overlaps with the PUCCH/PUSCH transmission on subframe 12+ 1 for aserving cell in
another TAG of CG2, the UE shall adjust its total transmission power of all CGs such that the total transmission

power of the UE across all CGs does not exceed P, 0N any overlapped portion.

if the SRS transmission of the UE in asymbol on subframe 11 for agiven serving cell in a TAG of CG1
overlaps with the PUCCH/PUSCH transmission on subframe 11or subframe i1+1 for adifferent serving cell

in the same or another TAG of CG1 and/or overlaps with the PUCCH/PUSCH transmission on subframe i2+1
for aserving cell of CG2, the UE shall drop the SRSin CG1 if itstotal transmission power across al CGs

exceeds P, Onany overlapped portion of the symbol.

if the SRS transmission of the UE in a symbol on subframe i1 for agiven serving cell in CG1 overlaps with the
SRS transmission on subframe 11 for adifferent serving cell(s) in CG1 or overlaps with SRS transmission on
subframe 12 for aserving cell(s) in CG2, and if the SRS transmissions overlap with PUSCH/PUCCH
transmission on subframe ilor subframe i1+1 for another serving cell(s) in CG1, and/or if the SRS
transmissions overlap with PUSCH/PUCCH transmission on subframe 12+ 1 for aserving cell of CG2, the UE
shall drop the SRS transmissionsin CG1 if itstotal transmission power across all CGs exceeds Py, Onany
overlapped portion of the symbol.

UE shall, when requested by higher layers, to transmit PRACH on subframe ilor subframe i1+1 ina
secondary serving cell in CG1 and/or to transmit PRACH on subframei2+1 in aserving cell in CG2 in parallel
with SRS transmission in a symbol on subframe i1 of adifferent serving cell belonging to a different TAG of
CG1, drop SRSin CG1 if itstotal transmission power across all CGs exceeds P, 0N any overlapped portion
of the symbol.

UE shall, when requested by higher layers, to transmit PRACH on subframe i1+ 1 in asecondary serving cell
in CG1 and/or to transmit PRACH on subframe 12+ 1 inaserving cell in CG2 in parallel with
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PUSCH/PUCCH on subframe i1 in adifferent serving cell belonging to a different TAG of CG1, adjust the
transmission power of PUSCH/PUCCH in CGL1 so that the total transmission power of the UE across all CGs

does not exceed P, on the overlapped portion.

5.1.4.2 Dual connectivity power control Mode 2

If subframe i1 of CG1 overlapsin time with subframe i12—1 and subframe 12of CG2, and if the UE has
transmission(s) in subframe i1 of CG1,

- if the UE determines based on higher layer signalling that transmission(s) in subframe i1 of CG1 cannot
overlap in time with transmission(s) in subframe 12 of CG2, the UE shall determine

o | Py,
P, (i) =min{ - . oA ) _
Powax (1Li2-1) — PPRACHfCGl(Il) — P, (i2-1) - PoracH co2 (i2-1

- Otherwise, the UE shall determine
P.(iD),

o P Vee2
P 1L12-1) ===,
emax (1L ) 100

I:A)CMAX (i Li2- 1) - lsPRACHfCGl(i 1) — max lséez(i 2— 1) + lsPRACHfCGZ(i 2— 1),
PPRACH_CGZ (i 2)

P, (i1) =min

where,

D) = Procon_cos1+ 3 (P (10 + Pl (11

c=CG1

If’cM ax (1112 —1) isthe linear value of configured transmitted power for Dual Connectivity for the subframe
pair (i1,i2 —1), asdescribed in [6];

P i1)=0
- Pruson (1) , if the UE does not have a PUSCH transmission in serving cell C€ CGL,

- Prucen —CGl(I =0 if the UE does not have a PUCCH transmission in CG1;

51 /; _ .
- PCGZ(I 2-1)= Oif the UE has no transmission of PUCCH, PUSCH, or SRSin subframe ! 2-1 of CG2;
. Yeer = uce  gng Yce2 = 7se if CG1isMCG and CG2is SCG;

. Yeer =Vsce | gng Yeo2 T Vwce | if cG1is SCG and CG2isMCG;

- e and V56 gre given by Table 5.1.4.2-1 according to higher layer parameters p-MeNB and p-SeNB
respectively;

- If the UE has a PRACH transmission for CG1 overlapping with subframe i1 of CG1, If’F,RACH cea(iD) isthe

linear value of the transmission power of that PRACH transmission; otherwise, If’PRACH car(1D) =0.
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- If the UE hasa PRACH transmission for CG2 overlapping with subframe 12 of CG2, and if the transmission
timing of the PRACH transmission (according to subclause 6.1.1) is such that the UE is ready to transmit the

PRACH at |east one subframe before subframe 12 of CG2, Pogacy _cc2(i2) isthelinear value of the

transmission power of that PRACH transmission; otherwise, Py ce2(i2)=0.

- If the UE has a PRACH transmission for CG2 overlapping with subframe i2-1 of CG2,

Porach ce2 (12—1) isthelinear value of the transmission power of that PRACH transmission; otherwise,

PRACH_CG2 (i 2— 1) =0.

D

- Pais(iD) isdetermined asfollows

- if the UE does not have an SRS transmission in subframe i1 of serving cell ce CGl or if the UE drops the
SRS transmission in subframe i1 of serving cell Ce CGldue to collision with aPUCCH transmission in
subframe i1 of serving cell C€ CGl

- P (i) =0,

- if the UE has an SRS transmission and does not have a PUCCH/PUSCH transmission in subframe i1 of
serving cell C€ CGl1

lssas,c (il) = IsSRS,c (il) ;

- if the UE has an SRS transmission and a has PUCCH transmission, and does not have a PUSCH transmission
in subframe i1 of serving cell C€ CGL

2 0,
P c(ll) =Mmax<4 ~ . 2 .
- {PSRS,C(I:L) - PPUCCH _CGl(I 1)}

- if the UE has an SRS transmission and a has PUSCH transmission, and does not have a PUCCH transmission
in subframe i1 of serving cell €€ CGL

2 0,
Prs (i) =maxs ~ = .
e {Psas,c(ll) ~ Pousen ,c(ll)}

- if the UE has an SRS transmission and has a PUSCH transmission and a PUCCH transmission in subframe
i1 of serving cell C€ CGL

S 0,
Prsc(i)=maxy s 4 N5 .
™ {Psas,col) — Pousc c (i1) - Poucen _CGl(Il)}

where FA’SRS,C(i 1) isthelinear value of Pgg (i1) described in section 5.1.3.1.

If IsPUCCH_CGl(i ) would exceed Fschl(i)  the UE scales Poyeqy _cea(l) such that the condition
) Poyeeyr co1(i) < Pley (i) is satisfied where
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- if CG1isMCG, ﬁ’PUCCH_CGl(i) isthe linear value of Poyccp (i) corresponding to PUCCH transmission on the

primary cell, in case thereis no PUCCH transmission in subframe i on the primary cell IE)PUCCH_CGl(i) =0.

- if CG1lisSCG, ﬁPUCCH_Cel(i) isthe linear value of Prycep (i) corresponding to PUCCH transmission on

PSCell, in case there is no PUCCH transmission in subframei on the PSCell IE)PUCCH_CGl(i) =0.

Prusch,c(i) isthe linear value of Poyscyy ¢(i)
- 0< (i) <lisascaing factor of ISPUCCH_Cel(i) .

If the UE has PUSCH transmission with UCI on serving cell  j € CG1, and FA’PUSCH’J. (i) would exceed If’ClGl(i) the
UE scales ISPUSCH’j(i) such that the condition 0{2(i)-|3PUSCH,j(i)S P (i) is satisfied where FA’PUSCH’].(i) isthe
linear value of the PUSCH transmit power for the cell with UCI, and 0< a2(i) < lisascaling factor of

FA’PUSCH’J- (i) for serving cell  j e CG1.

If the total transmit power across all the serving cells of a cell group CG1 would exceed I%Gl(i) , the UE scales
Peuscr,c(i) for the serving cell e CGL in subframei such that the
condition Zw(i) : FA’PUSCH,c ()< (Ischl(i) - ISPUCCH_CGI(i)) is satisfied; andw(i) isascaling factor of

=CG1

ﬁpUSCH,C(i)forservingcell c where 0<w(i)<1.

If the UE has PUSCH transmission with UCI on serving cell j € CG1 and PUSCH without UCI in any of the

remaining serving cells belonging to CG1, and the total transmit power across all the serving cells of CG1 would

exceed If’(:lGl(i) , the UE scales Ppyscp ¢ (i) for the serving cells belonging to CG1 without UCI in subframe i such

that the condition > (i) - Pougorro (1) < (Psy (i) — Pogecn (1)) is satisfied
ceCGl, c#]j
where ISPUSCH’j(i) isthe PUSCH transmit power for the cell with UCI and W(i) is a scaling factor of ISPUSCH’C(i)for

serving cell C without UCI. Inthiscase, no power scaling is applied to ISPUSCH,J'(i)

unless Z w(i)- FA’PUSCH (1) =10 and thetotal transmit power across all of the serving cells of the CG1 still would
ceCGl,c#]j

exceed PL, (i) .

If the UE has simultaneous PUCCH and PUSCH transmission with UCI on serving cell j € CG1 and PUSCH
transmission without UCI in any of the remaining serving cells belonging to CG1, and the total transmit power across

all the serving cells of the CG1 would exceed P2 (i), the UE obtains Peuscr,e() aecorg ng to

A~

PPUSCH,j ()= min(lsPUSCH,j (), (Isclel(i) - ISPUCCH_CGl(i))) and
ZW(i) ’ ISPUSCH,c(i) < (Isclel(i) - ISPUCCH_CGl(i) - ISPUSCH,]' ('))

ceCGl, c#j

where

- if CG1isMCG, ﬁ’PUCCH_CGl(i) isthe linear value of Poyccy (i) corresponding to PUCCH transmission on the
primary cell.
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- if CG1lisSCG, ISPUCCH_Cel(i) isthe linear value of Ppyccp (i) corresponding to PUCCH transmission on
PSCell.

Note that w(i) values are the same across serving cells within a cell group whenw(i) > O but for certain serving cells
within the cell group wW(i) may be zero.

If the total transmit power for the Sounding Reference Symbol in an SC-FDMA symbol across al the serving cells

within a TAG of acell group CG1 would exceed I%Gl(i) ,the UE scales Py (i) for the serving cell  ce CGland
the SC-FDMA symbol in subframe i such that the condition

. - . 1 .
ZVO)' PSRSC(I) < PCGl(I)
=CG1
is satisfied where Pyso(i) isthelinear value of Py (i) described in section 5.1.3.1, and V(i) isascaling factor of
Pgsc(i) forservingcell ce CGL where 0< V(i) < 1. Notethat V(i) values are the same across serving cells
within the same CG.

If the UE is configured with multiple TAGs within CG1 and the SRS transmission of the UE in an SC-FDMA symbol
for aserving cell in subframe 1 inaTAG belonging to CG1 overlaps with the SRS transmission in another SC-FDMA
symbol in subframe i for aserving cell in another TAG belonging to CG1, and if the total transmit power of the UE for

the Sounding Reference Symbol in the overlapped portion would exceed If’(:lGl(i) , the UE scales |55Rs,c(i) for the
serving cell ce CGL and each of the overlapped SRS SC-FDMA symbolsin subframe | such that the condition
. ey . "1 .
ZVO)‘ PSRS,c (') < Pce1(|)
ceCGl
is satisfied where Pys (i) isthelinear value of Py (i) described insection 5.1.3.1, and V(i) isascaling factor of
Pys.c(i) for servingcell ce CGL where 0< V(i) < 1. Notethat V(i) values are the same across serving cells
within the same CG.

For acell group CG1

- if the UE is configured with multiple TAGs within CG1, and if the PUCCH/PUSCH transmission of the UE on
subframe 1 for agiven serving cell in a TAG of CG1 overlaps some portion of the first symbol of the PUSCH

transmission on subframe i +1 for adifferent serving cell in another TAG of CG1, the UE shall adjust its total
transmission power of CGL1 to not exceed F’ClGl on any overlapped portion.

- if the UE is configured with multiple TAGs within CG1, and if the PUSCH transmission of the UE on subframe
i for agiven serving cell ina TAG of CG1 overlaps some portion of the first symbol of the PUCCH

transmission on subframe 1+1 for adifferent serving cell in another TAG of CG1 the UE shall adjust its total
transmission power of CGL1 to not exceed PclGl on any overlapped portion.

- if the UE is configured with multiple TAGs within CG1, and if the SRS transmission of the UE in a symbol on
subframe | for agiven serving cell ina TAG of CG1 overlaps with the PUCCH/PUSCH transmission on

subframe i or subframe i1 +1 for adifferent serving cell in the same or another TAG of CG1 the UE shall drop
SRSif itstotal transmission power of CG exceeds F’ClGl on any overlapped portion of the symbol.

- if the UE is configured with multiple TAGs within CG1 and more than 2 serving cells within CG1, and if the
SRS transmission of the UE in asymbol on subframe | for agiven serving cell in the CG1 overlaps with the
SRS transmission on subframe | for adifferent serving cell(s) in CG1 and with PUSCH/PUCCH transmission

on subframe | or subframe i +1 for another serving cell(s) in CG1, the UE shall drop the SRS transmissionsin

CGL1 if thetotal transmission power of CG1 exceeds |5C161 on any overlapped portion of the symbol.
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if the UE is configured with multiple TAGs within CG1, the UE shall, when requested by higher layers, to
transmit PRACH in a secondary serving cell in CG1 in parallel with SRS transmission in a symbol on a
subframe of a different serving cell belonging to adifferent TAG of CG1, drop SRSin CGL1 if the total

transmission power of CG1 exceeds FA’ClGl on any overlapped portion in the symbol.

if the UE is configured with multiple TAGs within CG1, the UE shall, when requested by higher layers, to
transmit PRACH in a secondary serving cell in CGL1 in parallel with PUSCH/PUCCH in a different serving cell
belonging to adifferent TAG in CG1, adjust the transmission power of PUSCH/PUCCH in CG1 so that its total

~

transmission power of CG1 does not exceed PclGl on the overlapped portion.

Table 5.1.4.2-1: ¥\ cs (Or Y4c) values for determining power allocation for dual connectivity

(o?ﬁggﬁs) Ywce (OF Yesa ) Value (in %)
0 0
1 5
2 10
3 15
4 20
5 30
6 37
7 44
8 50
9 56
10 63
11 70
12 80
13 90
14 95
15 100

515 Power allocation for PUCCH-SCell

If aUE is configured with a PUCCH-SCell, power allocation for serving cellsin the primary PUCCH group and
secondary PUCCH group is performed according to section 5.1.4.1, with the following exceptions:

5.2

theterm ‘MCG’ isreplaced by ‘primary PUCCH group’;
theterm *SCG’ isreplaced by ‘secondary PUCCH group’;

i1=i2=1i and FA’CMAX (iLi2)= FA’CMAX (i) isthelinear value of the UE total configured maximum output

power Prya defined in[6] in subframei; and

Yvce = Ysce =0.

Downlink power allocation

The eNodeB determines the downlink transmit energy per resource element.

For the purpose of RSRP and RSRQ measurements, the UE may assume downlink cell-specific RS EPRE is constant
across the downlink system bandwidth and constant across all subframes with discovery signal transmissions until
different cell-specific RS power information is received.

For acell that isnot aLAA Scell, the UE may assume downlink cell-specific RS EPRE is constant across the downlink
system bandwidth and constant across all subframes until different cell-specific RS power information is received.

The downlink cell-specific reference-signal EPRE can be derived from the downlink reference-signal transmit power
given by the parameter referenceS gnalPower provided by higher layers. The downlink reference-signal transmit power

ETSI



3GPP TS 36.213 version 13.2.0 Release 13 42 ETSI TS 136 213 V13.2.0 (2016-08)

is defined as the linear average over the power contributions (in [W]) of all resource elements that carry cell-specific
reference signals within the operating system bandwidth.

For aLAA SCell, the UE may assume that the EPRE of downlink cell-specific RS in subframe n is same as the EPRE
of downlink cell-specific RS in subframe n-1, if all OFDM symbols of at least the second slot of subframe n-1, are
occupied.

Theratio of PDSCH EPRE to cell-specific RS EPRE among PDSCH REs (not applicable to PDSCH REs with zero
EPRE) for each OFDM symbol is denoted by either p, or pgaccording to the OFDM symbol index as given by

Table5.2-2 and Table 5.2-3. In addition, p, and pg are UE-specific.

For a UE in transmission mode 8 - 10 when UE-specific RSs are not present in the PRBs upon which the corresponding
PDSCH is mapped or in transmission modes 1 — 7, the UE may assume that for 16 QAM, 64 QAM, or 256QAM, spatial
multiplexing with more than one layer or for PDSCH transmissions associated with the multi-user MIMO transmission
scheme,

- pa isequal t0 e orsr T Pa +101009,,(2) [dB] when the UE receives a PDSCH data transmission using
precoding for transmit diversity with 4 cell-specific antenna ports according to subclause 6.3.4.3 of [3];

- pa isequal 100,y ore T Pa [dB] otherwise

where 5power_offset is0dB for all PDSCH transmission schemes except multi-user MIMO and where P, isa UE specific
parameter provided by higher layers.

For a UE configured with higher layers parameter servCellp-a-ri12, and the UE in transmission modes 8-10 when UE-
specific RSs are not present in the PRBs upon which the corresponding PDSCH is mapped or in transmission modes 1-
7, the UE may assume that for QPSK and transmission with single-antenna port or transmit diversity transmission
schemes or spatial multiplexing using a single transmission layer, and the PDSCH transmission is not associated with
the multi-user MIMO transmission scheme, and the PDSCH is scheduled by a PDCCH/EPDCCH with CRC scrambled
by C-RNTI,

- pa isequa to P,; +10- |Og10 (2) [dB] when the UE receives a PDSCH data transmission using precoding for
transmit diversity with 4 cell-specific antenna ports according to subclause 6.3.4.3 of [3];

- pa isequal to P, [dB] otherwise
and where P,; is given by the parameter servCellp-a-r12.

For transmission mode 7, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped,
the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RSs shall be a
constant, and that constant shall be maintained over all the OFDM symbols containing the UE-specific RSsin the
corresponding PRBs. In addition, the UE may assume that for 16QAM, 64QAM, or 256QAM, thisratio is0 dB.

For transmission mode 8, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped,
the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-
specific RSsis 0 dB.

For transmission mode 9 or 10, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is
mapped, the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol
containing UE-specific RSis 0 dB for number of transmission layers less than or egqual to two and -3 dB otherwise.

A UE may assume that downlink positioning reference signal EPRE is constant across the positioning reference signal
bandwidth and across al OFDM symbols that contain positioning reference signalsin a given positioning reference
signal occasion [10].

For the purpose of RSRP and RSRQ measurements on CSI-RS of a discovery signal the UE may assume that the EPRE
of CSI-RSis constant across the downlink system bandwidth and constant across all subframes with discovery signal
transmissions for each CSI-RS resource.
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If aserving cell is not configured for aUE asa LAA Scell, and if CSI-RSis configured in the serving cell then the UE
shall assume downlink CSI-RS EPRE is constant across the downlink system bandwidth and constant across all
subframes for each CSI-RS resource.

If aserving cell is configured for aUE asaLAA Scell, the UE may assume that EPRE of CSI-RSin subframen2is
same as EPRE of CSI-RSin earlier subframe nl, if all OFDM symbols of subframe nl and all subframes between
subframe n1 and subframe n2, are occupied.

The cell-specific ratio pg/ p, isgiven by Table 5.2-1 according to cell-specific parameter P; signalled by higher
layers and the number of configured eNodeB cell specific antenna ports.

Table 5.2-1: The cell-specific ratio pg/p, for 1, 2, or 4 cell specific antenna ports

PB pB /pA
One Antenna Port | Two and Four Antenna Ports
0 1 5/4
1 4/5 1
2 3/5 3/4
3 2/5 1/2

For PMCH with 16QAM, 64QAM, or 256QAM, the UE may assume that the ratio of PMCH EPRE to MBSFN RS
EPRE isequal to 0 dB.

Table 5.2-2: OFDM symbol indices within a slot of a non-MBSFN subframe where the ratio of the
corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by p, or pg

OFDM symbol indices within a slot where the

OFDM symbol indices within a slot where the

Number of | ratio of the corresponding PDSCH EPRE to the | ratio of the corresponding PDSCH EPRE to the
ant(;arrga cell-specific RS EPRE is denoted by pp cell-specific RS EPRE is denoted by pg
P Normal cyclic prefix Extended cyclic prefix Normal cyclic prefix Extended cyclic prefix
One or two 1,2,3 56 1,2,45 0,4 0,3
Four 2,356 2,4,5 0,14 0,1,3

Table 5.2-3: OFDM symbol indices within a slot of an MBSFN subframe where the ratio of the
corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by p, or pg

OFDM symbol indices within a slot where the
ratio of the corresponding PDSCH EPRE to the

OFDM symbol indices within a slot where the
ratio of the corresponding PDSCH EPRE to the

Number
of cell-specific RS EPRE is denoted by pp cell-specific RS EPRE is denoted by pg
antenna Normal cyclic prefix Extended cyclic prefix Normal cyclic prefix Extended cyclic prefix
ports ngmod2 | ngmod2=| ngmod2 | ngmod2 | ngmod2 | ngmod2 | Ngmod2 | Ngmod 2
=0 1 =0 =N =0 =1 =0 =1
One or 1, 2,34, 0,123, 1,2,3,4, | 0,1,2,3, 0 ) 0 i
two 5,6 4,56 5 4,5
2,3,4,5, 0,1,23, 0,1,23,
Four 6 4.5, 6 2,4,3,5 45 0,1 - 0,1 -
5.2.1 eNodeB Relative Narrowband TX Power (RNTP) restrictions

The determination of reported Relative Narrowband TX Power indication RNTP(N,qg ) is defined as follows:

0 if EA(nPRB)
E(P)

RNTP(Npgg) =
1 if

ETSI

no promise about the upper limit of

< RNTPthreshoId

Mismme
E(P)

max_nom




3GPP TS 36.213 version 13.2.0 Release 13 44 ETSI TS 136 213 V13.2.0 (2016-08)

where E,(Npgg) isthe maximum intended EPRE of UE-specific PDSCH REsin OFDM symbols not containing RS
inthis physical resource block on antenna port p in the considered future time interval; N, isthe physical resource
block number Npeg =0,...,Ngg —1; RNTR, 4.4 takes on one of the following

valuesRNTP,, 4 € {~0,-11,-10,-9,-8,-7,-6,-5,-4,~3,-2,~1,0,+1+2,+3}[dB] and

p(P),i
T Af

max_nom DL RB
Ngs - N

where Prr(];z is the base station maximum output power described in[7], and Af | NF?BL and NSCB are defined in [3].

ETSI



3GPP TS 36.213 version 13.2.0 Release 13 45 ETSI TS 136 213 V13.2.0 (2016-08)

6 Random access procedure
If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms ‘ secondary cell’, ‘ secondary cells' , ‘serving cell’, ‘serving
cells inthis clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms * secondary cell’, *secondary cells’, ‘serving cell’, ‘ serving
cells inthis clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. Theterm ‘primary cell’ in this clause refers to the PSCell of the SCG

Prior to initiation of the non-synchronized physical random access procedure, Layer 1 shall receive the following
information from the higher layers:

- Random access channel parameters (PRACH configuration and frequency position)

- Parameters for determining the root sequences and their cyclic shiftsin the preamble sequence set for the
primary cell (index to logical root sequence table, cyclic shift ( Ng), and set type (unrestricted or restricted set))

6.1 Physical non-synchronized random access procedure

From the physical layer perspective, the L1 random access procedure encompasses the transmission of random access
preamble and random access response.  The remaining messages are scheduled for transmission by the higher layer on
the shared data channel and are not considered part of the L1 random access procedure. A random access channel
occupies 6 resource blocksin a subframe or set of consecutive subframes reserved for random access preamble
transmissions. The eNodeB is not prohibited from scheduling data in the resource blocks reserved for random access
channel preambl e transmission.

The following steps are required for the L1 random access procedure:
- Layer 1 procedureistriggered upon request of a preamble transmission by higher layers.

- A preamble index, atarget preamble received power (PREAMBLE_RECEIVED_TARGET_POWER), a
corresponding RA-RNTI and a PRACH resource are indicated by higher layers as part of the request.

- For aBL/CE UE, anumber of PRACH repetitions for preamble transmission attempt is also indicated by higher
layers as part of the request. For anon-BL/CE UE or for a BL/CE UE with the PRACH coverage enhancement
level 0/1/2, a preamble transmission power Pprac IS determined as
Peract = Min{ Poyax c(i) , PREAMBLE_RECEIVED_TARGET_POWER + PL. }_[dBm], where

Pcmax c (i) isthe configured UE transmit power defined in [6] for subframei of servingcell ¢ and PL is

the downlink path loss estimate calculated in the UE for serving cell ¢. For aBL/CE UE, Pprach iS Set to
Pcmax c(i) for the highest PRACH coverage enhancement level 3.

- A preamble sequence is selected from the preamble sequence set using the preamble index.

- A single preambleis transmitted using the selected preamble sequence with transmission power Perach ON the
indicated PRACH resource. For a BL/CE UE, the single preamble is transmitted for the number of PRACH
repetitions for the associated PRACH coverage enhancement level asindicated by higher layers.

- For non-BL/CE UEs, detection of a PDCCH with the indicated RA-RNTI is attempted during a window
controlled by higher layers (see [8], subclause 5.1.4). If detected, the corresponding DL-SCH transport block is
passed to higher layers. The higher layers parse the transport block and indicate the 20-bit uplink grant to the
physical layer, which is processed according to subclause 6.2.

- For BL/CE UEs, detection of a MPDCCH with DCI scrambled by RA-RNTI is attempted during a window
controlled by higher layers (see [8], subclause 5.1.4). If detected, the corresponding DL-SCH transport block is
passed to higher layers. The higher layers parse the transport block and indicate the Nr-bit uplink grant to the
physical layer, which is processed according to subclause 6.2.
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6.1.1 Timing

For the L1 random access procedure, a non-BL/CE UE's uplink transmission timing after a random access preamble
transmission is as follows.

a) If aPDCCH with associated RA-RNTI is detected in subframe n, and the corresponding DL-SCH transport
block contains a response to the transmitted preambl e sequence, the UE shall, according to the information in the
response, transmit an UL-SCH transport block in the first subframe n+k;, k; =6, if the UL delay field in
subclause 6.2 is set to zero where n+k; isthefirst available UL subframe for PUSCH transmission, where for TDD
serving cell, the first UL subframe for PUSCH transmission is determined based on the UL/DL configuration (i.e., the
parameter subframeAssignment) indicated by higher layers. The UE shall postpone the PUSCH transmission to the
next available UL subframe after n+k; if thefieldissetto 1.

b) If arandom access response isreceived in subframe n, and the corresponding DL-SCH transport block does not
contain aresponse to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to
transmit a new preamble sequence no later than in subframe n+5.

¢) If no random access response is received in subframe n, where subframe n is the last subframe of the random
access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble
sequence no later than in subframe n+4.

For the L1 random access procedure, a BL/CE UE’ s uplink transmission after a random access preamble transmission is
asfollows.

a) If aMPDCCH with associated RA-RNTI is detected and the corresponding DL-SCH transport block reception
ending in subframe n contains a response to the transmitted preambl e sequence, the UE shall, according to the
information in the response, transmit an UL-SCH transport block in the first subframe n+k;, k; =6, if the UL
delay field in subclause 6.2 is set to zero where the subframe n+k; isthefirst available UL subframe for
PUSCH transmission, where for TDD serving cell, the first UL subframe for PUSCH transmission is determined
based on the UL/DL configuration (i.e., the parameter subframeAssignment) indicated by higher layers. The
subframe n+k; isthefirst available UL subframe for PUSCH transmission determined based on the parameter
fdd-UplinkSubframeBitmapBR for FDD and the parameters fdd-DownlinkOr TddSubframeBitmapBR and
subframeAssignment for TDD. The UE shall postpone the PUSCH transmission to the next available UL
subframe after N+ Kk + A, if thefieldissetto 1. Thevalueof A isthe number of Msg3 PUSCH repetitions as

indicated in the random access response.
b) If arandom accessresponseis received and its reception ends in subframe n, and the corresponding DL-SCH

transport block does not contain a response to the transmitted preamble sequence, the UE shall, if requested by
higher layers, be ready to transmit a new preamble sequence no later than in subframe n+5.

¢) If norandom access response is received in subframe n, where subframe n is the last subframe of the random
access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble
sequence no later than in subframe n+4.

In case arandom access procedure isinitiated by a"PDCCH order” in subframe n for non-BL/CE UEs, or “PDCCH
order” reception ending in subframe n for BL/CE UES, the UE shall, if requested by higher layers, transmit random
access preamblein the first subframe n+k,, k, =6, wherea PRACH resourceis available.

If aUE is configured with multiple TAGs, and if the UE is configured with the carrier indicator field for a given serving
cell, the UE shall use the carrier indicator field value from the detected "PDCCH order” to determine the serving cell for
the corresponding random access preambl e transmission.

6.2 Random Access Response Grant

The higher layersindicate the Nr-bit UL Grant to the physical layer, as defined in 3GPP TS 36.321 [§].
Thisisreferred to the Random Access Response Grant in the physical layer.

If BL/CE UE then

- If the most recent PRACH coverage enhancement level for the UE is O or 1, the contents of the Random Access
Response Grant are interpreted according to CEModeA.
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- If the most recent PRACH coverage enhancement level for the UE is 2 or 3, the contents of the Random Access
Response Grant are interpreted according to CEModeB.

- The content of these Nr bits starting with the MSB and ending with the LSB are given in Table 6-2 for
CEmodeA and CEmodeB:

- where Ny, = | NS /6] and NI =[log,(Nys) |

Table 6-2: Random Access Response Grant Content field size

DCI contents CEmodeA CEmodeB
Msg3 PUSCH I\ index >
narrowband index NB
Msg3 PUSCH Resource

. 4 3
allocation
Number of Repetitions for 5 3
Msg3 PUSCH
MCS 3 0
TBS 0 2
TPC 3 0
CSl request 1 0
UL delay 1 0
Msg3/4 MPDCCH

. 2 2
narrowband index
Total Nr-bits 20 12

- For CEmodeB, the Msg3 PUSCH narrowband index indicates the narrowband to be used for first subframe of
Msg3 PUSCH transmission as given in Table 6.2-A.

- NBgrag givenin Table 6.2-A and Table 6.2-B isthe narrow band used for first subframe of MPDCCH for

Random Access Response and is determined by higher layer parameter mpdcch-NarrowbandsToMonitor-r13 if
only one narrowband is configured, otherwise, it is determined by Table 6-2-E.

Table 6.2-A: Msg3 PUSCH Narrowband Value for CEmodeB.

\Value of 'Msg3 narrowband index’[Msg3 PUSCH Narrowband
'00' NBgragmod Nyg
01’ (NBgag +1) mod N g
"10' (NBgag +2) mod Ny
11 (NBgag +3) mod Nyg

- TheMsg3/4 MPDCCH narrowband index indicates the narrowband used for first subframe of MPDCCH for
Msg3 PUSCH retransmission and MPDCCH for Msg4 PDSCH transmission as given in Table 6.2-B. The

number of downlink narrowbandsisgivenby N,g, = LNE,BL / GJ :
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Table 6.2-B: Msg3/4 MPDCCH Narrowband Value for CEmodeA and CEmodeB.

\Value of 'Msg3/4 MPDCCH narrowband index’|Msg3/4 MPDCCH Narrowband
‘00’ NB.,smod Nz,
01" (NBg, +1) mod Ny,
10 (NBgag +2) mod Ny,
11" (NBg, +3) mod Ny,

- Therepetition number field in the random access response grant configured by higher layers indicates the
repetition level for Msg3 PUSCH as given in Table 6.2-C for CEmodeA and Table 6.2-D for CEmodeB, where
Ya isdetermined by higher layer parameter pusch-maxNumRepetitionCEmodeA-r13, and Ys isdetermined by
higher layer parameter pusch-maxNumRepetitionCEmodeB-r13.

Table 6.2-C: Msg3 PUSCH Repetition Level Value for CEmodeA.

Value of 'Repetition number’ | Msg3 PUSCH Repetition level
'00’ Ya/8
'01' Yal 4
'10' Yal 2
‘11 Ya

Table 6.2-D: Msg3 PUSCH Repetition Level Value for CEmodeB.

Value of 'Repetition number’ | Msg3 PUSCH Repetition level

‘000’ Ye /128

‘001" Ye / 64

'010' Ye /32

'011' Ye /16

'100' Ye /8

101" Ye/4

'110° Ye /2

111" Ys

Table 6.2-E: Narrowband ( NBg,g ) for MPDCCH RAR.

Mapped Preamble Index NBgar
First narrowband configured by
mod( Preamble Index, 2 )=0 high layer parameter mpdcch-

NarrowbandsToMonitor-r13
Second narrowband configured by,
mod( Preamble Index, 2 )=1 high layer parameter mpdcch-
NarrowbandsToMonitor-r13

- Theresource alocation field isinterpreted as follows:

- For CEmodeA, insert one most significant bit with value set to '0', and interpret the expanded resource
alocation using UL resource allocation type 0 within the indicated narrowband.

- For CEmodeB, interpret the resource allocation using UL resource allocation type 2 within the indicated
narrowband.
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The truncated modulation and coding scheme field isinterpreted such that the modulation and coding scheme
corresponding to the Random Access Response grant is determined from MCS indices 0 through 7 for
CEmodeA in Table 8.6.1-1

The truncated TBSfield isinterpreted such that the TBS value corresponding to the Random Access Response grant is
determined from TBS indices O through 3 for CEmodeB in Table 7.1.7.2.1-1

else,

end if

Nr=20, and the content of these 20 bits starting with the MSB and ending with the LSB are as follows:
Hopping flag — 1 bit

Fixed size resource block assignment — 10 bits

Truncated modulation and coding scheme — 4 bits

TPC command for scheduled PUSCH — 3 bits

UL delay — 1 bit

CSl request — 1 bit

The UE shall use the single-antenna port uplink transmission scheme for the PUSCH transmission corresponding
to the Random Access Response Grant and the PUSCH retransmission for the same transport block.

The UE shall perform PUSCH frequency hopping if the single bit frequency hopping (FH) fieldina
corresponding Random Access Response Grant is set as 1 and the uplink resource block assignment istype O,
otherwise no PUSCH frequency hopping is performed. When the hopping flag is set, the UE shall perform
PUSCH hopping as indicated via the fixed size resource block assignment detailed below.

The fixed size resource block assignment field is interpreted as follows:
if Ngg <44
- Truncate the fixed size resource block assignment to its b least significant bits, where

b= (I 0g, (N ER (N oS +1)/ 2)-‘ , and interpret the truncated resource block assignment according to the rules
for aregular DCI format O

else

- Insert b most significant bits with value set to '0" after the Ny,_n, hopping bits in the fixed size resource block
assignment, where the number of hopping bits Ny, nep IS zero when the hopping flag bit isnot set to 1, and is

defined in Table 8.4-1 when the hopping flag bitissetto 1, and b= Ulog2 (N oS -(N oS +1)/ 2)-‘ —10) , and
interpret the expanded resource block assignment according to the rules for aregular DCI format O
end if

The truncated modulation and coding scheme field isinterpreted such that the modulation and coding scheme
corresponding to the Random Access Response grant is determined from MCS indices 0 through 15 in Table
8.6.1-1.

The TPC command Jy,g;, shall be used for setting the power of the PUSCH, and isinterpreted according to
Table 6.2-1.
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Table 6.2-1: TPC Command Jy,, for Scheduled PUSCH

TPC Command | Value (in dB)
0 -6
1 -4
2 -2
3 0
4 2
5 4
6 6
7 8

In non-contention based random access procedure, the CSI request field is interpreted to determine whether an aperiodic
CQl, PMI, RI, and CRI report isincluded in the corresponding PUSCH transmission according to subclause 7.2.1. In
contention based random access procedure, the CSI request field is reserved.

The UL delay appliesfor TDD, FDD and FDD-TDD and thisfield can be set to 0 or 1 to indicate whether the delay of
PUSCH isintroduced as shown in subclause 6.1.1.

7 Physical downlink shared channel related procedures

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG
unless stated otherwise

- When the procedures are applied for MCG, the terms ‘ secondary cell’, ‘ secondary cells', *serving cell’, and
‘serving cells' in this clause refer to secondary cell, secondary cells, serving cell or serving cells belonging to the
MCG respectively unless stated otherwise. The terms ‘ subframe’ and ‘ subframes’ refer to subframe or subframes
belonging to MCG.

- When the procedures are applied for SCG, the terms ‘ secondary cell’, ‘secondary cells', ‘serving cell’ and
‘serving cells' in this clause refer to secondary cell, secondary cells (not including the PSCell), serving cell,
serving cells belonging to the SCG respectively unless stated otherwise. The term ‘primary cell’ in this clause
refers to the PSCell of the SCG. The terms ‘subframe’ and ‘ subframes’ refer to subframe or subframes belonging
to SCG

If aUE is configured with aLAA Scell, the UE shall apply the procedures described in this clause assuming frame
structure type 1 for the LAA Scell unless stated otherwise.

For FDD, there shall be a maximum of 8 downlink HARQ processes per serving cell.

For FDD-TDD and primary cell frame structure type 1, there shall be a maximum of 8 downlink HARQ processes per
serving cell.

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-r12 for any serving cell,, if the UE
is configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cellsis the same, the maximum number of downlink HARQ processes per
serving cell shall be determined by the UL/DL configuration (Table 4.2-2 of [3]), asindicated in Table 7-1.

For TDD, if aUE is configured with more than one serving cell and if the TDD UL/DL configuration of at least two
configured serving cellsis not the same, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12
for at least one serving cell, or for FDD-TDD and primary cell frame structure type 2 and serving cell frame structure
type 2, the maximum number of downlink HARQ processes for a serving cell shall be determined asindicated in Table
7-1, wherein the "TDD UL/DL configuration” in Table 7-1 refers to the DL-reference UL/DL configuration for the
serving cell (as defined in subclause 10.2).

For FDD-TDD and primary cell frame structure type 2 and serving cell frame structure type 1, the maximum number of
downlink HARQ processes for the serving cell shall be determined by the DL -reference UL/DL configuration for the
serving cell (as defined in subclause 10.2), asindicated in Table 7-2.

A BL/CE UE configured with CEModeB is not expected to support more than 2 downlink HARQ processes.
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For TDD and a BL/CE configured with CEModeA, the maximum number of downlink HARQ processes for a serving
cell shall be determined asindicated in Table 7-3.

The dedicated broadcast HARQ process defined in [8] is not counted as part of the maximum number of HARQ
processes for FDD, TDD and FDD-TDD.

Table 7-1: Maximum number of DL HARQ processes for TDD

TDD UL/DL configuration | Maximum number of HARQ processes
4
7
10
9
12
15
6

OO0 WIN|IFL|O

Table 7-2: Maximum number of DL HARQ processes for FDD-TDD, primary cell frame structure type
2, and serving cell frame structure type 1

DL-reference UL/DL Maximum number of HARQ processes
Configuration
0 10
1 11
2 12
3 15
4 16
5 16
6 12

Table 7-3: Maximum number of DL HARQ processes for TDD
(UE configured with CEModeA)

TDD UL/DL configuration | Maximum number of HARQ processes
6
9
12
11
14
16
8

OO0 WIN|IFL|O

7.1 UE procedure for receiving the physical downlink shared
channel

Except the subframes indicated by the higher layer parameter mbsfn-SubframeConfigList or by mbsfn-
SubframeConfigList-v12x0 or by laa-SCell SubframeConfig of serving cell ¢, a UE shall

- upon detection of a PDCCH of the serving cell with DCI format 1, 1A, 1B, 1C, 1D, 2, 2A, 2B, 2C, or 2D
intended for the UE in a subframe, or

- upon detection of an EPDCCH of the serving cell with DCI format 1, 1A, 1B, 1D, 2, 2A, 2B, 2C, or 2D intended
for the UE in a subframe

decode the corresponding PDSCH in the same subframe with the restriction of the number of transport blocks defined
in the higher layers.

For BL/CE UEs configured with higher layer parameter fdd-DownlinkOr TddSubframeBitmapBR, the higher layer
parameter indicates the set of BL/CE DL subframes.

For BL/CE UEs not configured with higher layer parameter fdd-DownlinkOr TddSubframeBitmapBR, subframes other
than those indicated by the higher layer parameter mbsfn-SubframeConfigList are considered as BL/CE DL subframes.
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A BL/CE UE shall upon detection of aMPDCCH with DCI format 6-1A, 6-1B, 6-2 intended for the UE, decode the
corresponding PDSCH in one more BL/CE DL subframes as described in subclause 7.1.11, with the restriction of the
number of transport blocks defined in the higher layers

If a UE is configured with more than one serving cell and if the frame structure type of any two configured serving cells
is different, then the UE is considered to be configured for FDD-TDD carrier aggregation.

Except for MBMS reception, the UE is not required to monitor PDCCH with CRC scrambled by the SI-RNTI on the
PSCell.

A UE may assume that positioning reference signals are not present in resource blocksin which it shall decode PDSCH
according to a detected PDCCH with CRC scrambled by the SI-RNTI or P-RNTI with DCI format 1A or 1C intended
for the UE.

A UE configured with the carrier indicator field for agiven serving cell shall assume that the carrier indicator field is
not present in any PDCCH of the serving cell in the common search space that is described in subclause 9.1. Otherwise,
the configured UE shall assume that for the given serving cell the carrier indicator field is present in PDCCH/EPDCCH
located in the UE specific search space described in subclause 9.1 when the PDCCH/EPDCCH CRC is scrambled by C-
RNTI or SPS C-RNTI.

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the SI-RNTI, the UE shall decode the
PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-1. The scrambling
initialization of PDSCH corresponding to these PDCCHsis by SI-RNTI.

Table 7.1-1: PDCCH and PDSCH configured by SI-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space
DCI format 1C Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2).
DCI format 1A Common | If the number of PBCH antenna ports is one, Single-antenna port, port O is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2).

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the P-RNTI, the UE shall decode the
PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-2.
The scrambling initialization of PDSCH corresponding to these PDCCHs is by P-RNTI.

If aUE is configured by higher layers to decode MPDCCH with CRC scrambled by the P-RNTI, the UE shall decode
the MPDCCH and any corresponding PDSCH according to any of the combinations defined in Table 7.1-2A.
The scrambling initialization of PDSCH corresponding to these MPDCCHs is by P-RNTI.

The UE is not required to monitor PDCCH with CRC scrambled by the P-RNTI on the PSCell.

Table 7.1-2: PDCCH and PDSCH configured by P-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space
DCI format 1C Common | If the number of PBCH antenna ports is one, Single-antenna port, port O is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)
DCI format 1A Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

Table 7.1-2A: MPDCCH and PDSCH configured by P-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to MPDCCH
Space
6-2 Typel- If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
common subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)
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If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the RA-RNTI, the UE shall decode
the PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-3. The
scrambling initialization of PDSCH corresponding to these PDCCHsis by RA-RNTI.

If aUE is configured by higher layersto decode MPDCCH with CRC scrambled by the RA-RNTI, the UE shall decode
the MPDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-3A. The
scrambling initialization of PDSCH corresponding to these MPDCCHsis by RA-RNTI.

When RA-RNTI and either C-RNTI or SPS C-RNTI are assigned in the same subframe, the UE is not required to
decode a PDSCH on the primary cell indicated by a PDCCH/EPDCCH with a CRC scrambled by C-RNTI or SPS C-
RNTI.

Table 7.1-3: PDCCH and PDSCH configured by RA-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

DCI format 1C Common | If the number of PBCH antenna ports is one, Single-antenna port, port O is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

DCI format 1A Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

Table 7.1-3A: MPDCCH and PDSCH configured by RA-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to MPDCCH
Space
6-1A or 6-1B Type2- If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
common | subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

If aUE is configured by higher layers to decode PDCCH with CRC scrambled by the G-RNTI or SC-RNTI, the UE
shall decode the PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-4.
The scrambling initialization of PDSCH corresponding to these PDCCHsisby G-RNTI or SC-RNTI.

Table 7.1-4: PDCCH and PDSCH configured by G-RNTI or SC-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

DCI format 1C Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2).

DCI format 1A Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2).

If aUE is configured by higher layers to decode PDCCH with CRC scrambled by the SC-N-RNTI, the UE shall decode
the PDCCH according to the combination defined in table 7.1-4A.

Table 7.1-4A: PDCCH configured by SC-N-RNTI

DCI format Search
Space
DCI format 1C Common

The UE is semi-gtatically configured via higher layer signalling to receive PDSCH data transmissions signalled via
PDCCH/EPDCCH according to one of the transmission modes, denoted mode 1 to mode 10.

For a BL/CE UE, the UE is semi-statically configured via higher layer signalling to receive PDSCH data transmissions
signalled via MPDCCH according to one of the transmission modes: mode 1, mode 2, mode 6, and mode 9.
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For LAA Scells, the UE is not expected to receive PDSCH data transmissions signalled via PDCCH/EPDCCH
according to transmission modes 5,6,7.

For frame structure type 1,

the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframein
which the number of OFDM symbols for PDCCH with normal CP isequal to four;

anon-BL/CE UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5, 7, 8, 9, 10,
11, 12, 13 or 14 in the two PRBs to which apair of VRBsis mapped if either one of the two PRBs overlapsin
frequency with atransmission of either PBCH or primary or secondary synchronization signalsin the same
subframe;

the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7 for which distributed
VRB resource allocation is assigned.

The UE may skip decoding the transport block(s) if it does not receive all assigned PDSCH resource blocks
except if it is capable of receiving the non-colliding PDSCH resource blocks in an assignment which partly
collides in frequency with atransmission of PBCH or primary synchronization signal or secondary
synchronization signal in the same subframes and that capability isindicated by pdsch-CollisonHandling [12]. If
the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not successfully
decoded.

For frame structure type 2,

the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframein
which the number of OFDM symbols for PDCCH with normal CP is equal to four;

the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in the two PRBs to
which a pair of VRBsis mapped if either one of the two PRBs overlaps in frequency with atransmission of
PBCH in the same subframe;

anon-BL/CE UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7, 8, 9, 10, 11,
12, 13 or 14 in the two PRBsto which a pair of VRBsis mapped if either one of the two PRBs overlapsin
frequency with atransmission of primary or secondary synchronization signals in the same subframe;

with normal CP configuration, the UE is not expected to receive PDSCH on antenna port 5 for which distributed
VRB resource alocation is assigned in the special subframe with configuration #1 or #6;

the UE is not expected to receive PDSCH on antenna port 7 for which distributed VRB resource alocation is
assigned;

with normal cyclic prefix, the UE is not expected to receive PDSCH resource blocks transmitted on antenna port
5in DWPTS when the UE is configured with specia subframe configuration 9.

The UE may skip decoding the transport block(s) if it does not receive al assigned PDSCH resource blocks
except if it is capable of receiving the non-colliding PDSCH resource blocks in an assignment which partly
collides in frequency with atransmission of PBCH or primary synchronization signal or secondary
synchronization signal in the same subframe and that capability isindicated by pdsch-CollisionHandling [12]. If
the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not successfully
decoded.

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the C-RNTI, the UE shall decode the
PDCCH and any corresponding PDSCH according to the respective combinations defined in Table 7.1-5. The
scrambling initialization of PDSCH corresponding to these PDCCHsis by C-RNTI.

If aUE is configured by higher layers to decode EPDCCH with CRC scrambled by the C-RNTI, the UE shall decode
the EPDCCH and any corresponding PDSCH according to the respective combinations defined in Table 7.1-5A. The
scrambling initialization of PDSCH corresponding to these EPDCCHs isby C-RNTI.

If aBL/CE UE is configured by higher layersto decode MPDCCH with CRC scrambled by the C-RNTI, the UE shall
decode the MPDCCH and any corresponding PDSCH according to the respective combinations defined in Table 7.1-
5B. The scrambling initialization of PDSCH corresponding to these MPDCCHs isby C-RNTI.
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If aUE is configured with CEModeA, the UE shall decode MPDCCH DCI Format 6-1A. If the UE is configured with
CEModeB, the UE shall decode MPDCCH DCI Format 6-1B.

If the UE is configured with the carrier indicator field for a given serving cell and, if the UE is configured by higher
layers to decode PDCCH/EPDCCH with CRC scrambled by the C-RNTI, then the UE shall decode PDSCH of the
serving cell indicated by the carrier indicator field value in the decoded PDCCH/EPDCCH.

When a UE configured in transmission mode 3, 4, 8, 9 or 10 receives a DCI Format 1A assignment, it shall assume that
the PDSCH transmission is associated with transport block 1 and that transport block 2 is disabled.

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals
corresponding to these PDCCHYEPDCCHsis by C-RNTI.

The UE does not support transmission mode 8 if extended cyclic prefix is used in the downlink.

When a UE is configured in transmission mode 9 or 10, in the downlink subframes indicated by the higher layer
parameter mbsfn-SubframeConfigList or by mbsfn-SubframeConfigList-v12x0 or by laa-SCell SubframeConfig of
serving cell ¢ except in subframes for the serving cell

- indicated by higher layers to decode PMCH or,

- configured by higher layers to be part of a positioning reference signal occasion and the positioning reference
signal occasion isonly configured within MBSFN subframes and the cyclic prefix length used in subframe #0 is
normal cyclic prefix,

the UE shall upon detection of a PDCCH with CRC scrambled by the C-RNTI with DCI format 1A/2C/2D intended for
the UE or, upon detection of an EPDCCH with CRC scrambled by the C-RNTI with DCI format 1A/2C/2D intended for
the UE, decode the corresponding PDSCH in the same subframe.

A UE configured in transmission mode 10 can be configured with scrambling identities, n2RS! i =01 by higher

layers for UE-specific reference signal generation as defined in subclause 6.10.3.1 of [3] to decode PDSCH according
to a detected PDCCH/EPDCCH with CRC scrambled by the C-RNTI with DCI format 2D intended for the UE.
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Table 7.1-5: PDCCH and PDSCH configured by C-RNTI

Transmission

Transmission scheme of PDSCH

mode DIE! omr e AT HPEee corresponding to PDCCH
Mode 1 DCI format 1A Sg‘g?;cr;fzngy C-RNTI Single-antenna port, port 0 (see subclause 7.1.1)
DCI format 1 UE specific by C-RNTI Single-antenna port, port 0 (see subclause 7.1.1)
DCI format 1A Commor_l _and Transmit diversity (see subclause 7.1.2)
Mode 2 UE specific by C-RNTI
DCI format 1 UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
DCI format 1A ngg]eocri]ﬁ?:ngy C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 3 Large delay CDD bclause 7.1.3) or Transmit
DCI format 2A UE specific by C-RNTI d_arge_ eay (see subclause 7.1.3) ~or Transmi
iversity (see subclause 7.1.2)
DCI format 1A Sgrgr:;cr;ﬁingy C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 4 DCI f t2 UE ific by C-RNTI Closed-loop spatial multiplexing (see subclause 7.1.4)or
orma specitic by &- Transmit diversity (see subclause 7.1.2)
Mode 5 DCI format 1A ngg]eocri]ﬁ?:ngy C-RNTI Transmit diversity (see subclause 7.1.2)
DCl format 1D | UE specific by C-RNTI Multi-user MIMO (see subclause 7.1.5)
DCI format 1A Sg‘;?eocr;ﬁi ngy C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 6 Closed fial multiplexi bolause 7.1.4
DCl format 1B | UE specific by C-RNTI osed-loop spatial multiplexing (see subclause 7.1.4)
using a single transmission layer
Common and If the number of PBCH antenna ports is one, Single-
Mode 7 DCI format 1A UE specific by C-RNTI antenna port, port_O is usgd (see subclause 7.1.1),
otherwise Transmit diversity (see subclause 7.1.2)
DCI format 1 UE specific by C-RNTI Single-antenna port, port 5 (see subclause 7.1.1)
Common and If the number of PBCH antenna ports is one, Single-
DCI format 1A UE specific by C- antenna port, port 0 is used (see subclause 7.1.1),
pecific by C-RNTI ; o .
otherwise Transmit diversity (see subclause 7.1.2)
Mode 8 ——
Dual layer transmission, port 7 and 8 (see subclause
DCI format 2B UE specific by C-RNTI 7.1.5A) or single-antenna port, port 7 or 8 (see subclause
7.1.1)
¢ Non-MBSFN subframe: If the number of PBCH
antenna ports is one, Single-antenna port, port 0 is
Common and UE specific by used (see subclause 7.1.1), otherwise Transmit
DCI format 1A C-RNTI diversity (see subclause 7.1.2)
. MBSFN subframe: Single-antenna port, port 7 (see
Mode 9 subclause 7.1.1)
Up to 8 layer transmission, ports 7-14 (see subclause
7.1.5B) or single-antenna port, port 7, 8, 11, or 13 (see
DCI format 2C UE specific by C-RNTI subclause 7.1.1) if UE is configured with higher layer
parameter dmrs-tableAlt, single-antenna port, port 7 or 8
(see subclause 7.1.1) otherwise
¢ Non-MBSFN subframe: If the number of PBCH
antenna ports is one, Single-antenna port, port O is
Common and UE specific by used (see subclause 7.1.1), otherwise Transmit
DCI format 1A C-RNTI diversity (see subclause 7.1.2)
. MBSFN subframe: Single-antenna port, port 7 (see
Mode 10 subclause 7.1.1)

DCI format 2D

UE specific by C-RNTI

Up to 8 layer transmission, ports 7-14 (see subclause
7.1.5B) or single-antenna port, port 7, 8, 11, or 13 (see
subclause 7.1.1) if UE is configured with higher layer
parameter dmrs-tableAlt, single-antenna port, port 7 or 8
(see subclause 7.1.1) otherwise
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Table 7.1-5A: EPDCCH and PDSCH configured by C-RNTI

Transmission Search . .
mode DCI format Space Transmission scheme of PDSCH corresponding to EPDCCH
DCI format 1A tijCSpF?,fg_llc Single-antenna port, port O (see subclause 7.1.1)
Mode 1 =
UE specific .
DCI format 1 by C-RNTI Single-antenna port, port O (see subclause 7.1.1)
DCI format 1A UE specific Transmit diversity (see subclause 7.1.2)
by C-RNTI
Mode 2 UE specific
DCI format 1 by C-RNTI Transmit diversity (see subclause 7.1.2)
DCI format 1A tijCSpF?,fg_llc Transmit diversity (see subclause 7.1.2)
Mode 3 UE specific Large delay CDD (see subclause 7.1.3) or Transmit diversity (see subclause
DCI format 2A
by C-RNTI 7.1.2)
DCI format 1A tJECs'geﬁ.lf_'f Transmit diversity (see subclause 7.1.2)
Mode 4 Y .f. Iosed T~ ba T vers
DCI format 2 UE specific Closed-loop spatial multiplexing (see subclause 7.1.4)or Transmit diversity
by C-RNTI (see subclause 7.1.2)
DCI format 1A tijCSpF?,fg_llc Transmit diversity (see subclause 7.1.2)
Mode 5 =
UE specific .
DCI format 1D by C-RNTI Multi-user MIMO (see subclause 7.1.5)
DCI format 1A tJECs'geﬁ.lf_'f Transmit diversity (see subclause 7.1.2)
Mode 6 Y - - —— - -
UE specific Closed-loop spatial multiplexing (see subclause 7.1.4) using a single
DCI format 1B e
by C-RNTI transmission layer
UE specific If the number of PBCH antenna ports is one, Single-antenna port, port 0 is
DClI format 1A b used (see subclause 7.1.1), otherwise Transmit diversity (see subclause
by C-RNTI
Mode 7 7.1.2)
UE specific .
DCI format 1 by C-RNTI Single-antenna port, port 5 (see subclause 7.1.1)
UE specific If the number of PBCH antenna ports is one, Single-antenna port, port 0 is
DCI format 1A P used (see subclause 7.1.1), otherwise Transmit diversity (see subclause
by C-RNTI
Mode 8 7.1.2)
DCI format 2B UE specific Dual layer transmission, port 7 and 8 (see subclause 7.1.5A) or single-
by C-RNTI antenna port, port 7 or 8 (see subclause 7.1.1)
e  Non-MBSFN subframe: If the number of PBCH antenna ports is one,
DCI format 1A UE specific Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise
by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 9 e MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)
Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) or single-
DCI format 2C UE specific antenna port, port 7, 8, 11, or 13 (see subclause 7.1.1) if UE is configured with
by C-RNTI higher layer parameter dmrs-tableAlt, single-antenna port, port 7 or 8 (see
subclause 7.1.1) otherwise
e  Non-MBSFN subframe: If the number of PBCH antenna ports is one,
DCI format 1A UE specific Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise
by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 10 e MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)
Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) or single-
DCI format 2D UE specific antenna port, port 7, 8, 11, or 13 (see subclause 7.1.1) if UE is configured with
by C-RNTI higher layer parameter dmrs-tableAlt, single-antenna port, port 7 or 8 (see

subclause 7.1.1) otherwise
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Table 7.1-5B: MPDCCH and PDSCH configured by C-RNTI

Transmission DCI format Search Space Transmission scheme of PDSCH corresponding to
mode P MPDCCH
6-1A Type0-Common
Mode 1 Single-antenna port, port 0 (see subclause 7.1.1)
6-1A or 6-1B | UE specific by C-RNTI
6-1A TypeO-Common
Mode 2 Transmit diversity (see subclause 7.1.2)
6-1A or 6-1B | UE specific by C-RNTI
6-1A TypeO-Common Transmit diversity (see subclause 7.1.2)
Mode 6 Closed-I tial multiplexi bcl 7.1.4) usi
6-1A UE specific by C-RNTI losed-loop spatial multiplexing (see subclause 7.1.4) using a
single transmission layer
If the number of PBCH antenna ports is one, Single-antenna
6-1A Type0-Common port, port 0 is used (see subclause 7.1.1), otherwise Transmit
diversity (see subclause 7.1.2)
6-1A UE specific by C-RNTI Single-antenna port, port 7 or 8 (see subclause 7.1.1)
Mode 9
6-1B UE specific by C-RNTI Single-antenna port, port 7 (see subclause 7.1.1)

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the SPS C-RNTI, the UE shall
decode the PDCCH on the primary cell and any corresponding PDSCH on the primary cell according to the respective
combinations defined in Table 7.1-6. The same PDSCH related configuration appliesin the case that aPDSCH is
transmitted without a corresponding PDCCH. The scrambling initialization of PDSCH corresponding to these PDCCHs
and PDSCH without a corresponding PDCCH is by SPS C-RNTI.

If aUE is configured by higher layersto decode EPDCCH with CRC scrambled by the SPS C-RNTI, the UE shall
decode the EPDCCH on the primary cell and any corresponding PDSCH on the primary cell according to the respective
combinations defined in Table 7.1-6A. The same PDSCH related configuration appliesin the case that aPDSCH is
transmitted without a corresponding EPDCCH. The scrambling initialization of PDSCH corresponding to these
EPDCCHs and PDSCH without a corresponding EPDCCH is by SPS C-RNTI.

If a UE configured with CEModeA is configured by higher layers to decode MPDCCH with CRC scrambled by the SPS
C-RNTI, the UE shall decode the MPDCCH on the primary cell and any corresponding PDSCH on the primary cell
according to the respective combinations defined in Table 7.1-6B. The same PDSCH related configuration appliesin
the case that a PDSCH is transmitted without a corresponding MPDCCH. The scrambling initialization of PDSCH
corresponding to these MPDCCHs and PDSCH without a corresponding MPDCCH is by SPS C-RNTI.

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals for PDSCH
corresponding to these PDCCHYEPDCCHSs and for PDSCH without a corresponding PDCCH/EPDCCH is by SPS C-
RNTI.

When a UE is configured in transmission mode 9 or 10, in the downlink subframes indicated by the higher layer
parameter mbsfn-SubframeConfigList or by mbsfn-SubframeConfigList-v12x0 of serving cell ¢ except in subframes for
the serving cell

- indicated by higher layers to decode PMCH or,

- configured by higher layers to be part of a positioning reference signal occasion and the positioning reference
signal occasion is only configured within MBSFN subframes and the cyclic prefix length used in subframe #0 is
normal cyclic prefix,

the UE shall upon detection of a PDCCH with CRC scrambled by the SPS C-RNTI with DCI format 1A/2C/2D, or
upon detection of a EPDCCH with CRC scrambled by the SPS C-RNTI with DCI format 1A/2C/2D, or for a configured
PDSCH without PDCCH intended for the UE, decode the corresponding PDSCH in the same subframe.
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A UE configured in transmission mode 10 can be configured with scrambling identities, n2RS! i =01 by higher

layers for UE-specific reference signal generation as defined in subclause 6.10.3.1 of [3] to decode PDSCH according
to adetected PDCCH/EPDCCH with CRC scrambled by the SPS C-RNTI with DCI format 2D intended for the UE.

For PDSCH without a corresponding PDCCH/EPDCCH, the UE shall use the value of Ny, and the scrambling

identity of N (as defined in subclause 6.10.3.1 of [3]) derived from the DCI format 2D corresponding to the
associated SPS activation for UE-specific reference signal generation.

Table 7.1-6: PDCCH and PDSCH configured by SPS C-RNTI

Transmission Transmission scheme of PDSCH corresponding to
DCI format Search Space
mode PDCCH
Common and )
Mode 1 DCI format 1A UE specific by C-RNTI Single-antenna port, port 0 (see subclause 7.1.1)
DCI format 1 UE specific by C-RNTI | Single-antenna port, port O (see subclause 7.1.1)
DCI format 1A Comm"’? _and Transmit diversity (see subclause 7.1.2)
Mode 2 UE specific by C-RNTI o
DCI format 1 UE specific by C-RNTI | Transmit diversity (see subclause 7.1.2)
DCI format 1A Common _and Transmit diversity (see subclause 7.1.2)
Mode 3 UE specific by C-RNTI i
DCI format 2A UE specific by C-RNTI | Transmit diversity (see subclause 7.1.2)
DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
Mode 4 UE specific by C-RNTI o
DCI format 2 UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Common and - .
Mode 5 DCI format 1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Common and - .
Mode 6 DCI format 1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Common and .
Mode 7 DCI format 1A UE specific by C-RNTI Single-antenna port, port 5 (see subclause 7.1.1)
DCI format 1 UE specific by C-RNTI | Single-antenna port, port 5 (see subclause 7.1.1)
DCI format 1A Common gnd Single-antenna port, port 7(see subclause 7.1.1)
Mode 8 UE specific by C-RNTI ' "
DCI format 2B UE specific by C-RNTI | Single-antenna port, port 7 or 8 (see subclause 7.1.1)
Common and )
DCI format 1A UE specific by C-RNTI Single-antenna port, port 7 (see subclause 7.1.1)
Mode 9 Single-antenna port, port 7, 8, 11, or 13 (see subclause 7.1.1) if
DCI format 2C UE specific by C-RNTI | UE is configured with higher layer parameter dmrs-tableAlt,
Single-antenna port, port 7 or 8, (see subclause 7.1.1) otherwise
Common and .
DCI format 1A UE specific by C-RNTI Single-antenna port, port 7 (see subclause 7.1.1)
Mode 10 Single-antenna port, port 7, 8, 11, or 13 (see subclause 7.1.1) if
DCI format 2D UE specific by C-RNTI | UE is configured with higher layer parameter dmrs-tableAlt,
Single-antenna port, port 7 or 8, (see subclause 7.1.1) otherwise
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Table 7.1-6A: EPDCCH and PDSCH configured by SPS C-RNTI

Transmission

Transmission scheme of PDSCH corresponding to

mode DCIl format | Search Space EPDCCH
DCI format 1A g_ERT\Ipﬁcmc by Single-antenna port, port 0 (see subclause 7.1.1)
Mode 1 —
DCI format 1 g_ER‘T‘\IpTeIC'ﬂC by Single-antenna port, port O (see subclause 7.1.1)
DCI format 1A g_ER‘T‘\lpﬁcmc by Transmit diversity (see subclause 7.1.2)
Mode 2 UE specific b
DCI format 1 C-RNpTI Y Transmit diversity (see subclause 7.1.2)
DCI format 1A g_ERT\Ipﬁcmc by Transmit diversity (see subclause 7.1.2)
Mode 3 UE specific by
DCI format 2A C-RNTI Transmit diversity (see subclause 7.1.2)
DCI format 1A g_ER‘T‘\lpﬁcmc by Transmit diversity (see subclause 7.1.2)
Mode 4 UE specific b
DCI format 2 C-RNpTI Y Transmit diversity (see subclause 7.1.2)
Mode 5 DCI format 1A g_ERT\Ipﬁcmc by Transmit diversity (see subclause 7.1.2)
Mode 6 DCI format 1A g_ER‘T‘\IpTeIC'ﬂC by Transmit diversity (see subclause 7.1.2)
DCI format 1A g_ER‘T‘\lpﬁcmc by Single-antenna port, port 5 (see subclause 7.1.1)
Mode 7 —
DCI format 1 g_ERT\Ip.ﬁcmc by Single-antenna port, port 5 (see subclause 7.1.1)
DCI format 1A g_ERT\IpTequlc by Single-antenna port, port 7(see subclause 7.1.1)
Mode 8 —
DCI format 2B g_ER‘T‘\IpTeIC'ﬂC by Single-antenna port, port 7 or 8 (see subclause 7.1.1)
DCI format 1A g_ERT\Ip.ﬁC'f'C by Single-antenna port, port 7 (see subclause 7.1.1)
Mode 9 UE specific b Single-antenna port, port 7, 8, 11, or 13 (see subclause 7.1.1) if UE is
DCI format 2C C-RNpTI Y configured with higher layer parameter dmrs-tableAlt, Single-antenna
port, port 7 or 8, (see subclause 7.1.1) otherwise
DCI format 1A g_ERT\Ip.ﬁcmc by Single-antenna port, port 7 (see subclause 7.1.1)
Mode 10 Single-antenna port, port 7, 8, 11, or 13 (see subclause 7.1.1) if UE is

DCI format 2D

UE specific by
C-RNTI

configured with higher layer parameter dmrs-tableAlt, Single-antenna
port, port 7 or 8, (see subclause 7.1.1) otherwise

Table 7.1-6B: MPDCCH and PDSCH configured by SPS C-RNTI

Transmission Transmission scheme of PDSCH corresponding to
mode DCI format Search Space MPDCCH
6-1A Type0O-Common
Mode 1 Single-antenna port, port 0 (see subclause 7.1.1)
6-1A UE specific by C-RNTI
6-1A Type0-Common
Mode 2 Transmit diversity (see subclause 7.1.2)
6-1A UE specific by C-RNTI
6-1A TypeO-Common Transmit diversity (see subclause 7.1.2)
Mode 6
6-1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
6-1A TypeO-Common Single-antenna port, port 7 (see subclause 7.1.1)
Mode 9
6-1A UE specific by C-RNTI Single-antenna port, port 7 (see subclause 7.1.1)

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the Temporary C-RNTI and is not
configured to decode PDCCH with CRC scrambled by the C-RNTI, the UE shall decode the PDCCH and the
corresponding PDSCH according to the combination defined in Table 7.1-7. The scrambling initialization of PDSCH
corresponding to these PDCCHs is by Temporary C-RNTI.
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If aUE is configured by higher layers to decode MPDCCH with CRC scrambled by the Temporary C-RNTI and is not
configured to decode MPDCCH with CRC scrambled by the C-RNTI during random access procedure, the UE shall
decode the MPDCCH and the corresponding PDSCH according to the combination defined in Table 7.1-8. The
scrambling initialization of PDSCH corresponding to these MPDCCHSs is by Temporary C-RNTI.

If aUE isaso configured by higher layersto decode MPDCCH with CRC scrambled by the C-RNTI during random
access procedure, the UE shall decode the MPDCCH and the corresponding PDSCH according to the combination
defined in Table 7.1-8. The scrambling initialization of PDSCH corresponding to these MPDCCHsis by C-RNTI.

Table 7.1-7: PDCCH and PDSCH configured by Temporary C-RNTI

DCI format Search Space Transmission scheme of PDSCH corresponding to PDCCH

Common and
DCI format 1A | UE specific
by Temporary C-RNTI

If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

UE specific If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see

DCI format 1 by Temporary C-RNTI | subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

Table 7.1-8: MPDCCH and PDSCH configured by Temporary C-RNTI and/or C-RNTI during random
access procedure

DCI format Search Space Transmission scheme of PDSCH corresponding to MPDCCH

If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see

DCl format 6-1A | Type2-Common subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

DCI format 6-1B Type2-Common

The transmission schemes of the PDSCH are described in the following sub-subclauses.

7.1.1 Single-antenna port scheme

For the single-antenna port transmission schemes (port 0/5/7/8/11/13) of the PDSCH, the UE may assume that an eNB
transmission on the PDSCH would be performed according to subclause 6.3.4.1 of [3].

If the UE is not configured with higher layer parameter dmrs-tableAlt and in case an antennaport pe{7,8} isused, or
if the higher layer parameter dnmrs-tableAlt is set to 1 and in case an antennaport pe{7,8} corresponding to one

codeword values 0-3 in Table 5.3.3.1.5C-2 [4] is used, the UE cannot assume that the other antenna port in the set
{7,8 isnot associated with transmission of PDSCH to another UE.

If the UE is configured with higher layer parameter dmrs-tableAlt, and in case of single layer transmission scheme on
antennaport pe{7,81113 corresponding to one codeword values4-11 in Table 5.3.3.1.5C-2 [4] isused, the UE

cannot assume that the other antenna portsintheset {7,811,13 is not associated with transmission of PDSCH to
another UE.

7.1.2 Transmit diversity scheme

For the transmit diversity transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed according to subclause 6.3.4.3 of [3]

7.1.3 Large delay CDD scheme

For the large delay CDD transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed according to large delay CDD as defined in subclause 6.3.4.2.2 of [3].

7.1.4 Closed-loop spatial multiplexing scheme
For the closed-loop spatial multiplexing transmission scheme of the PDSCH, the UE may assume that an eNB

transmission on the PDSCH would be performed according to the applicable number of transmission layers as defined
in subclause 6.3.4.2.1 of [3].

ETSI




3GPP TS 36.213 version 13.2.0 Release 13 62 ETSI TS 136 213 V13.2.0 (2016-08)

7.1.5 Multi-user MIMO scheme

For the multi-user MIMO transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed on one layer and according to subclause 6.3.4.2.1 of [3]. The 5power_offset dB value
signalled on PDCCH/EPDCCH with DCI format 1D using the downlink power offset field isgivenin Table 7.1.5-1.

Table 7.1.5-1: Mapping of downlink power offset field in DCI format 1D to the 5p « Value.

ower-off

Downlink power offset field 5powe,_0ffsa [dB]

0 -10|Oglo(2)
1 0

7.1.5A Dual layer scheme

For the dual layer transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the PDSCH
would be performed with two transmission layers on antenna ports 7 and 8 as defined in subclause 6.3.4.4 of [3].

7.1.5B Up to 8 layer transmission scheme

For the up to 8 layer transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the PDSCH
would be performed with up to 8 transmission layers on antenna ports 7 - 14 as defined in subclause 6.3.4.4 of [3].

If the UE is configured with higher layer parameter dmrs-tableAlt, and in case of dual layer transmission scheme on
antenna ports{7,8} or{11,13 corresponding to two codewords values 2-5 in Table 5.3.3.1.5C-2 [4] is used, the UE

cannot assume that the other antenna portsintheset {7,8,11,13 is not associated with transmission of PDSCH to
another UE.

7.1.6 Resource allocation

The UE shall interpret the resource allocation field depending on the PDCCH/EPDCCH DCI format detected. A
resource allocation field in each PDCCH/EPDCCH includes two parts, a resource allocation header field and
information consisting of the actual resource block assignment.

PDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with type 0 and PDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with type
1 resource alocation have the same format and are distinguished from each other via the single bit resource allocation
header field which exists depending on the downlink system bandwidth (subclause 5.3.3.1 of [4]), wheretypeOis
indicated by O value and type 1 isindicated otherwise. PDCCH with DCI format 1A, 1B, 1C and 1D have atype 2
resource allocation while PDCCH with DCI format 1, 2, 2A, 2B, 2C and 2D have type 0 or type 1 resource allocation.
PDCCH DCI formats with atype 2 resource alocation do not have a resource allocation header field.

EPDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with type 0 and EPDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with
type 1 resource alocation have the same format and are distinguished from each other viathe single bit resource
alocation header field which exists depending on the downlink system bandwidth (subclause 5.3.3.1 of [4]), where type
Oisindicated by 0 value and type 1 isindicated otherwise. EPDCCH with DCI format 1A, 1B, and 1D have atype 2
resource allocation while EPDCCH with DCI format 1, 2, 2A, 2B, 2C and 2D have type 0 or type 1 resource allocation.
EPDCCH DCI formats with atype 2 resource allocation do not have a resource all ocation header field.

MPDCCH with DCI format 6-1A utilizes atype 2 resource alocation. Resource allocation for MPDCCH with DCI
format 6-1B is given by the Resource block assignment field as described in [4]. MPDCCH with DCI format 6-2
assigns a set of six contiguously allocated localized virtual resource blocks within a narrowband. Localized virtual
resource blocks are always used in case of MPDCCH with DCI format 6-1A, 6-1B, or 6-2.

A UE may assume, for any PDSCH transmission scheduled by a cell with physical cell identity givenin NAICS
Assistancel nfo-r12 and the PDSCH transmission mode belonging to transmissionModeList-r12 associated with the cell
except spatial multiplexing using up to 8 transmission layers in transmission mode 10, that the resource allocation
granularity and precoding granularity in terms of PRB pairsin the frequency domain are both given by N, where N is
given by the higher layer parameter resAllocGranularity-r12 associated with the cell. The first set of N consecutive
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PRB pairs of the resource alocation starts from the lowest frequency of the system bandwidth and the UE may assume
the same precoding applies to all PRB pairs within a set.

For a BL/CE UE, the resource allocation for PDSCH carrying SystemlnformationBlockTypel-BR and SI messagesis a
set of six contiguously allocated localized virtual resource blocks within a narrowband. The number of repetitions for
the PDSCH carrying SystemlnformationBlockTypel-BR is determined based on the parameter schedulinginfoS B1-BR-
r13 configured by higher-layers and according to Table 7.1.6-1. If the value of the parameter schedulinglnfoS B1-BR-
r13 configured by higher-layersis set to 0, UE assumes that Systeml nformationBlockTypel-BR is not transmitted.

Table 7.1.6-1: Number of repetitions for PDSCH carrying SysteminformationBlockTypel-BR for

BL/CE UE.
Value of Number of
schedulingInfoSIB1- PDSCH
BR-r13 repetitions
0 N/A
1 4
2 8
3 16
4 4
5 8
6 16
7 4
8 8
9 16
10 4
11 8
12 16
13 4
14 8
15 16
16 4
17 8
18 16
19-31 Reserved
7.16.1 Resource allocation type 0

In resource alocations of type 0, resource block assignment information includes a bitmap indicating the Resource
Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual resource
blocks (VRBSs) of localized type as defined in subclause 6.2.3.1 of [3]. Resource block group size (P) isafunction of

the system bandwidth as shown in Table 7.1.6.1-1. The total number of RBGs ( Nzgg ) for downlink system bandwidth
of NRg isgivenby Npgg = (N% /P-‘ where LN% / PJ of the RBGs are of sizePandif N5 modP >0 then one

of the RBGsisof sizeNB5 — P-[NBL /P . The bitmapisof size Nggg bits with one bitmap bit per RBG such that

each RBG is addressable. The RBGs shall be indexed in the order of increasing frequency and non-increasing RBG
sizes starting at the lowest frequency. The order of RBG to bitmap bit mapping isin such way that RBG 0 to

RBG Nggs —1 are mapped to MSB to LSB of the bitmap. The RBG is allocated to the UE if the corresponding bit
value in the bitmap is 1, the RBG is not allocated to the UE otherwise.
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Table 7.1.6.1-1: Type O resource allocation RBG size vs. Downlink System Bandwidth

System Bandwidth | RBG Size
N (P)
<10 1
11-26 2
27 -63 3
64— 110 4
7.1.6.2 Resource allocation type 1

In resource alocations of type 1, aresource block assignment information of size Nggs indicatesto ascheduled UE

the VRBs from the set of VRBs from one of P RBG subsets. The virtual resource blocks used are of localized type as
defined in subclause 6.2.3.1 of [3]. Also P isthe RBG size associated with the system bandwidth as shown in Table

7.1.6.1-1. ARBG subset P, where 0< p< P, consistsof every P th RBG starting from RBG . The resource
block assignment information consists of three fields [4].

Thefirst field with [log,(P)] bitsis used to indicate the selected RBG subset anong P RBG subsets.

The second field with one bit is used to indicate a shift of the resource allocation span within a subset. A bit value of 1
indicates shift istriggered. Shift is not triggered otherwise.

The third field includes a bitmap, where each bit of the bitmap addresses asingle VRB in the selected RBG subset in
such away that MSB to LSB of the bitmap are mapped to the VRBs in the increasing frequency order. The VRB is
allocated to the UE if the corresponding bit value in the bit field is 1, the VRB is not alocated to the UE otherwise.

The portion of the bitmap used to address VRBsin a selected RBG subset hassize Npy — and is defined as
NZE =[N 1P ] —fiog, ()] -1

The addressable VRB numbers of a selected RBG subset start from an offset, Ay, (P) to the smallest VRB number

within the selected RBG subset, which is mapped to the MSB of the bitmap. The offset isin terms of the number of
VRBs and is done within the selected RBG subset. If the value of the bit in the second field for shift of the resource

allocation span is set to 0, the offset for RBG subset P isgivenby Ay, (P) = 0. Otherwise, the offset for RBG

subset P isgivenby Ay (P) = N (p)— NP wherethe LSB of the bitmap isjustified with the

highest VRB number within the selected RBG subset. N2° > (|p) isthe number of VRBsin RBG subset | and
can be calculated by the following equation,
DL _ DL _
NL21~P+P ,p<NL1modP
P P
DL _ bL _
NEBG subset () — NRFB)Z ! P+(NS5 -)modP+1 ,p= NRBTl mod P
DL _ bL _
Nee —1| 5 p> Nee =11 odp
p? P

Consequently, when RBG subset p isindicated, bit i for i=0,1---,Ngs — —1 in the bitmap field indicates VRB
number,

nSEwase‘(p){—'*AS';““’)JP2+ p-P-+(i+ Ay (P)) mod P
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7.1.6.3 Resource allocation type 2

For BL/CE UEs with resource all ocation type 2 resource assignment, Ngé =6 and N\E"F;B =6 isusedin therest of
this subclause.

In resource allocations of type 2, the resource block assignment information indicates to a scheduled UE a set of
contiguously allocated localized virtual resource blocks or distributed virtual resource blocks. In case of resource
alocation signalled with PDCCH DCI format 1A, 1B or 1D, or for resource allocation signalled with EPDCCH DCI
format 1A, 1B, or 1D, one hit flag indicates whether localized virtual resource blocks or distributed virtual resource
blocks are assigned (value O indicates Localized and value 1 indicates Distributed VRB assignment) while distributed
virtual resource blocks are always assigned in case of resource alocation signalled with PDCCH DCI format 1C.
Localized VRB allocations for a UE vary from a single VRB up to a maximum number of VRBs spanning the system
bandwidth. For DCI format 1A the distributed VRB alocations for aUE vary fromasingle VRB upto NJ:. VRBs,

where NO-. isdefinedin[3], if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI. With PDCCH DCI

format 1B, 1D with a CRC scrambled by C-RNTI, or with DCI format 1A with a CRC scrambled with C-RNTI, SPS C-
RNTI or Temporary C-RNTI distributed VRB alocations for aUE vary fromasingle VRB upto NJ:. VRBs if

Ng is6-49 and vary fromasingle VRB up to 16 if Np2: is50-110. With EPDCCH DCI format 1B, 1D withaCRC

scrambled by C-RNTI, or with DCI format 1A with a CRC scrambled with C-RNTI, SPS C-RNTI distributed VRB
alocations for aUE vary fromasingleVRB upto NO-. VRBs if NS is6-49 and vary fromasingle VRB up to 16

VRB

if N is50-110. With PDCCH DCI format 1C, distributed VRB alocations for aUE vary from N3® VRB(s) upto
|_N\?IR_B / Nggpj. N VRBswith anincrement step of N3%, where N3 valueis determined depending on the

downlink system bandwidth as shown in Table 7.1.6.3-1.

Table 7.1.6.3-1: N3 values vs. Downlink System Bandwidth

System BW ( NRDI'S‘) Ngs
DCI format 1C
6-49 2
50-110 4

For PDCCH DCI format 1A, 1B or 1D, or for EPDCCH DCI format 1A, 1B, or 1D, or for MPDCCH DCI format 6-1A,
atype 2 resource alocation field consists of aresource indication value (RIV) corresponding to a starting resource block

(RBg,4 ) and alength in terms of virtually contiguously allocated resource blocks LCRBS. The resource indication value
is defined by

if (Legee —1) < LN;’BL /2J then
RIV = Ngg (Lengs —1) + RByay
else
RIV = Ngg (Ngg — Logss +0) + (Ngg —1- RB)

where L qs.> 1 and shall not exceed N — RB

start -

For PDCCH DCI format 1C, atype 2 resource block assignment field consists of aresource indication vaue (RIV)

corresponding to a starting resource block ( RBgyt =0, N3P, 2N32,..., (|_N\E’;B/N§§°J—1)N§§p)and alengthinterms

of virtually contiguously allocated resource blocks (Leggs =NSP, 2N32 ..., |_N5$B / N;‘;PJ. NZ2).
The resource indication value is defined by:

it (L 1) <[ NZ2L /2] then
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RIV = N\,/gé (L(,ZRBS - 1) + RB;

art

else
RIV = Nigs (Nigs — Lges + 1) + (NJgs —1- RBL,,)

where Ling = Lomse/ NP, RBL,, = RBy, /N3P and NJZ =[N / NP |, Here,

start Start
L{ree> 1 and shall not exceed Nt — RBY,. .

7.16.4 PDSCH starting position
This subclause describes PDSCH starting position for UEs that are not BL/CE UEs.
PDSCH starting position for BL/CE UEs s described in subclause 7.1.6.4A.

The starting OFDM symbol for the PDSCH of each activated serving cell is given by index |

DataStart *
For a UE configured in transmission mode 1-9, for a given activated serving cell

- if the PDSCH is assigned by EPDCCH received in the same serving cell, or if the UE is configured to monitor
EPDCCH in the subframe and the PDSCH is not assigned by a PDCCH/EPDCCH, and if the UE is configured
with the higher layer parameter epdcch-StartSymbol-r11

- paasat jg given by the higher-layer parameter epdcch-SartSymbol-r11.

- €elseif PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells

- paasat jg given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is

received,

- Otherwise

- baasat jsgiven by the CFI valuein the subframe of the given serving cell when NS5 >10, and | .qa: IS

given by the CFl value + 1 in the subframe of the given serving cell when NS% <10.

For a UE configured in transmission mode 10, for a given activated serving cell

- if the PDSCH isassigned by a PDCCH with DCI format 1C or by a PDCCH with DCI format 1A and with CRC
scrambled with P-RNTI/RA-RNTI/SI-RNTI/Temporary C-RNTI

- lbassart jg given by the span of the DCI given by the CFI value in the subframe of the given serving cell

according to subclause 5.3.4 of [4].

- if the PDSCH is assigned by a PDCCH/EPDCCH with DCI format 1A and with CRC scrambled with C-RNTI
and if the PDSCH transmission is on antenna ports O - 3

- if the PDSCH is assigned by EPDCCH received in the same serving cell

- Daasat jsgivenby | o g fOr the EPDCCH-PRB-set where EPDCCH with the DCI format 1A was

received (| as defined in subclause 9.1.4.1),

EPDCCHStart

- €eseif PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells

- baasat jg given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is

received.

- otherwise
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- Daesiart is given by the CFI value in the subframe of the given serving cell when N F?g >10, and | Datastart

is given by the CFl value+1 in the subframe of the given serving cell when NR5 <10.

- if the PDSCH isassigned by or semi-statically scheduled by a PDCCH/EPDCCH with DCI format 1A and if the
PDSCH transmission is on antenna port 7

- if the value of the higher layer parameter pdsch-Start-r11 determined from parameter set 1 intable 7.1.9-1
for the serving cell on which PDSCH isreceived belongsto {1,2,3,4},

- ouasn is given by the higher layer parameter pdsch-Start-r11 determined from parameter set 1 in table

7.1.9-1 for the serving cell on which PDSCH is received.
- €else
- if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells,

- oaasn is given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is

received
- otherwise

- loawsen jsgjiven by the CFI valuein the subframe of the given serving cell when N Rs >10, and

baasart s given by the CFI value + 1 in the subframe of the given serving cell when NS% <10.

- if the subframe on which PDSCH isreceived isindicated by the higher layer parameter mbsfn-
SubframeConfigList-r11 determined from parameter set 1 in table 7.1.9-1 for the serving cell on which
PDSCH isreceived, or if the PDSCH isreceived on subframe 1 or 6 for the frame structure type 2,

= Vs = M2 ) |
- otherwise
ot = Vs
- if the PDSCH is assigned by or semi-persistently scheduled by a PDCCH/EPDCCH with DCI format 2D,

- if the value of the higher layer parameter pdsch-Start-r11 determined from the DCI (according to subclause
7.1.9) for the serving cell on which PDSCH isreceived belongsto {1,2,3,4},

lpaesat 1S GiVEN by parameter pdsch-Sart-r11 determined from the DCI (according to subclause 7.1.9) for
the serving cell on which PDSCH is received

- s
- if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells,

is given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is

- I DataStart
received

- Otherwise
| s 1S TiVEN by the CFI value in the subframe of the given serving cell when N&§ >10, and

'baasart s given by the CFI value+1 in the subframe of the given serving cell when NS <10.

- if the subframe on which PDSCH isreceived isindicated by the higher layer parameter mbsfn-
SubframeConfigList-r11 determined from the DCI (according to subclause 7.1.9) for the serving cell on
which PDSCH isreceived, or if the PDSCH is received on subframe 1 or 6 for frame structure type 2,

I patasiar = MIN(2, | ISataStart) ,
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- otherwise

- I DataStart I DataStart |

7.1.6.4A PDSCH starting position for BL/CE UEs

The starting OFDM symbol for PDSCH is given by index |pg.qq¢ iNthefirst slotin asubframe K and is determined
asfollows

- for reception of SIB1-BR

- lpaasat =3if NRg >10for the cell on which PDSCH is received

| patasiat = 41f NRg <10for the cell on which PDSCH is received
- ese
I,'DataStart is given by the higher layer parameter startSymbolBR

- if subframe K isconfigured as an MBSFN subframe and if the BL/CE UE is configured in CEModeA

| Datasiar = M I’](Z, l IIDataStart )

- dse

| patastart = IIIDataStart'
7.1.6.5 Physical Resource Block (PRB) bundling

A UE configured for transmission mode 9 for a given serving cell ¢ may assume that precoding granularity is multiple
resource blocksin the frequency domain when PMI/RI reporting is configured.

For agiven serving cell ¢, if aUE is configured for transmission mode 10

- if PMI/RI reporting is configured for al configured CSl processes for the serving cell ¢, the UE may assume that
precoding granularity is multiple resource blocks in the frequency domain,

- otherwise, the UE shall assume the precoding granularity is one resource block in the frequency domain.

Fixed system bandwidth dependent Precoding Resource block Groups (PRGs) of size P’ partition the system
bandwidth and each PRG consists of consecutive PRBS. If N% modP’>0 then one of the PRGsis of size

N% - P’LN RD'E; / P’J. The PRG sizeis non-increasing starting at the lowest frequency. The UE may assume that the
same precoder applieson all scheduled PRBs within a PRG.

If the UEisaBL/CE UE P’ =3 otherwise the PRG size a UE may assume for a given system bandwidth is given by:

Table 7.1.6.5-1
System Bandwidth PRG Size (P’)
(Ngg) (PRBS)
<10 1
11-26 2
27 - 63 3
64 — 110 2
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7.1.7 Modulation order and transport block size determination

To determine the modulation order and transport block size(s) in the physical downlink shared channel, the UE shall
first

- iftheUEisaBL/CE UE
- if PDSCH isassigned by MPDCCH DCI format 6-1A

- read the 4-bit "modulation and coding scheme ( | i,lcs)" field inthe DCI

- The UE is not expected to receive a DCI format 6-1A indicating | e > 15
- if PDSCH isassigned by MPDCCH DCI format 6-2

- read the 3-bit "modulation and coding scheme ( | hl,lcs)" field in the DCI

- The UE isnot expected to receive a DCI format 6-2 indicating | 3o > 7
- eseif PDSCH isassigned by MPDCCH DCI format 6-1B

- read the 4-bit "modulation and coding scheme (| 1cs)" fildinthe DCl and set 155 =1 s -
- €dseif the UEisaBL/CE UE and if PDSCH carriers SystemlnformationBlockTypel-BR

- set |;gg tothevalue of the parameter schedulinginfoS B1-BR-r13 configured by higher-layers
- otherwise

- read the 5-bit "modulation and coding scheme" field (I, ) inthe DCI

and second if the PDCCH DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI then
- for DCI format 1A:

- setthe Table 7.1.7.2.1-1 columnindicator Ny 10 Nimg from subclause 5.3.3.1.3 in [4]
- for DCI format 1C:

- useTable7.1.7.2.3-1 for determining its transport block size.

else
- iftheUEisaBL/CE UE

if PDSCH is assigned by MPDCCH DCI format 6-2

- useTable7.1.7.2.3-1 for determining its transport block size.

- €elseif PDSCH carriers SystemlnformationBlockTypel-BR

- usesubclause 7.1.7.2.7 for determining its transport block size.

- otherwise,
s N,;RB to the total number of allocated PRBs based on the procedure defined in subclause 7.1.6.

- setthe Table 7.1.7.2.1-1 columnindicator Npgg = Nipg -

- if PDSCH isassigned by MPDCCH DCI format 6-1B

- usesubclause 7.1.7.2.6 for determining its transport block size.
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- otherwise

- set N tothetotal number of allocated PRBs based on the procedure defined in subclause 7.1.6.

if the transport block is transmitted in DWPTS of the special subframein frame structure type 2, or is
transmitted in the subframes with the same duration as the DWPTS duration of a special subframe
configuration in frame structure type 3, then

- for specia subframe configuration 9 with normal cyclic prefix or special subframe configuration 7 with
extended cyclic prefix:

N, =max{| N,..x0375(, 1
- setthe Table 7.1.7.2.1-1 column indicator PRE {L PRB J }

- for other specia subframe configurations:

- setthe Table 7.1.7.2.1-1 columnindicator Npgg = max{LN,’,RB ><O.75J, 1} :

else, set the Table 7.1.7.2.1-1 column indicator Nppg = Nipg -

The UE may skip decoding atransport block in aninitial transmission if the effective channel code rate is higher than
0.931, where the effective channel code rate is defined as the number of downlink information bits (including CRC bits)
divided by the number of physical channel bits on PDSCH. If the UE skips decoding, the physical layer indicates to
higher layer that the transport block is not successfully decoded. For the special subframe configurations 0 and 5 with
normal downlink CP or configurations 0 and 4 with extended downlink CP in frame structure type 2, or for subframes
with the same duration as the DWPTS duration of the special subframe configuration O and 5 in frame structure type 3,
with the special subframe configurations shown in Table 4.2-1 of [3], there shall be no PDSCH transmission in DWPTS
of the special subframe.

7.1.7.1 Modulation order and redundancy version determination
For BL/CE UEs configured with CEModeA, | i,lcs isused inplaceof |,,.intherest of this subclause.

The UE shall use Q,, = 2if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI, or if PDSCH is assigned by

MPDCCH DCI Format 6-1B, or if PDSCH carriers Systeml nformationBlockTypel-BR, or if PDSCH carries BL/CE Sl
messages, otherwise,

- if the higher layer parameter altCQI-Table-r12 is configured, and if the PDSCH is assigned by a
PDCCH/EPDCCH with DCI format 1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI,

- if theassigned PDSCH istransmitted only in the second slot of a subframe, the UE shall usel,,.gand Table
7.1.7.1-1A to determine the modulation order (Q, ). The modulation order (Q,, ) used in the physical
downlink shared channel issetto Q_=Q, ;

- otherwise, the UE shall usel,,.s and Table 7.1.7.1-1A to determine the modulation order (Q,,) used in the
physical downlink shared channel.

- dse

- if the assigned PDSCH is transmitted only in the second slot of a subframe, the UE shall usel,,.sand Table
7.1.7.1-1 to determine the modulation order (Q, ). The modulation order (Q,, ) used in the physical downlink
shared channel issetto Q_=Q,;

- otherwise, the UE shall usel,,.sand Table 7.1.7.1-1 to determine the modulation order (Q,,) used in the
physica downlink shared channel.
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Table 7.1.7.1-1: Modulation and TBS index table for PDSCH

MCS Index | Modulation Order | Modulation Order | TBS Index
I MCS Qm Qm I TBS
0 2 2 0
1 2 2 1
2 2 2 2
3 2 2 3
4 2 2 4
5 2 4 5
6 2 4 6
7 2 4 7
8 2 4 8
9 2 4 9
10 4 6 9
11 4 6 10
12 4 6 11
13 4 6 12
14 4 6 13
15 4 6 14
16 4 6 15
17 6 6 15
18 6 6 16
19 6 6 17
20 6 6 18
21 6 6 19
22 6 6 20
23 6 6 21
24 6 6 22
25 6 6 23
26 6 6 24
27 6 6 25
28 6 6 26/26A

29 2 2
30 4 4 reserved
31 6 6

Table 7.1.7.1-1A. Modulation and TBS index table 2 for PDSCH

MCS Index | Modulation Order | Modulation Order | TBS Index
s Qn Qn | 165
0 2 2 0
1 2 2 2
2 2 2 4
3 2 4 6
4 2 4 8
5 4 6 10
6 4 6 11
7 4 6 12
8 4 6 13
9 4 6 14
10 4 8 15
11 6 8 16
12 6 8 17
13 6 8 18
14 6 8 19

ETSI



3GPP TS 36.213 version 13.2.0 Release 13 72 ETSI TS 136 213 V13.2.0 (2016-08)

MCS Index | Modulation Order | Modulation Order | TBS Index

s Qn Qn | 165
15 6 8 20
16 6 8 21
17 6 8 22
18 6 8 23
19 6 8 24
20 8 8 25
21 8 8 27
22 8 8 28
23 8 8 29
24 8 8 30
25 8 8 31
26 8 8 32
27 8 8 33/33A
28 2 2

29 4 4

30 6 6 reserved
31 8 8

For BL/CE UEs, the same redundancy version is applied to PDSCH transmitted in agiven block of N_. consecutive
subframes, if the PDSCH is not carrying Systeml nformationBlockTypel-BR or SI message. The subframe number of the
first subframein each block of N, consecutive subframes, denoted as I, , , satisfies (nabs’l -0 ) modN_,. =0,

where =0 forFDDand & =2 for TDD. Denote Ig as the subframe number of the first downlink subframe
intended for PDSCH. The PDSCH transmission spans N 25°H  consecutive subframesincluding non-BL/CE
subframes where the PDSCH transmission is postponed. Note that BL/CE subframe(s) refersto either BL/CE DL
subframe(s) or BL/CE UL subframe(s). For the | ™ block of N consecutive subframes, the redundancy version
(rvig,) for PDSCH is determined according to Table 7.1.7.1-2 using v = (j + v, )mod4 , where

] N PDSCH
j=01...,37P%" —1 and I = [la\lb; .The J™5™ blocks of subframes are sequential in time,

acc
startingwith j =0 towhich subframeiy belongs. For a BL/CE UE configured in CEModeA, N, =1 and MNVpg

is determined by the ‘Redundancy version’ field in DCI format 6-1A. For a BL/CE UE configured with CEModeB,
No. =4 for FDD and N, =10 for TDD,and vy, =0.

Table 7.1.7.1-2: Redundancy version

Redundancy version Index
rv 'Vidx
0 0
1 2
2 3
3 1
7.1.7.2 Transport block size determination

For BL/CE UEs configured with CEModeA, | hl,lcs isusedinplace of |,.qintherest of thissubclause
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If the DCI CRC isscrambled by P-RNTI, RA-RNTI, or SI-RNTI then

for DCI format 1A:

- the UE shall set the TBSindex (1,55) equal to |,,.s and determineits TBS by the procedure in subclause
7.1.72.1for 0<1,55<26.

for DCI format 1C and DCI format 6-2:

- the UE shall set the TBSindex (|,55) equal to |,,.s and determineits TBS from Table 7.1.7.2.3-1.

elseif the higher layer parameter altCQI-Table-r12 is configured, then

else

for DCI format 1A with CRC scrambled by C-RNTI and for DCI format 1/1A/2/2A/2B/2C/2D with CRC
scrambled by SPS C-RNTI:

- for 0<1,,s <28, the UE shall first determine the TBS index (I 55) using | s and Table 7.1.7.1-1 except if

the trangport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. For a transport block
that is not mapped to more than single-layer spatial multiplexing, the TBS is determined by the procedure in
subclause 7.1.7.2.1.

- for29<1,,. <31, the TBSisassumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0< |, < 33. If thereis no PDCCH/EPDCCH for the
same transport block using0 < | ., < 26, and if the initial PDSCH for the same transport block is semi-

persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling
assignment PDCCH/EPDCCH.

- InDCI formats 2, 2A, 2B, 2C and 2D atransport block isdisabled if |
transport block is enabled.

wes =0 andif rvig, = 1 otherwise the

for DCI format 1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI

- for 0<1,,.s <27, the UE shall first determine the TBS index (| 55) using |, and Table 7.1.7.1-1A except
if the transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. When |, . =27,

if the UE is scheduled by DCI formats 2C/2D and is configured with a33 in thsIndexAlt, |55 iS33A;

otherwise |55 is33. For atransport block that is not mapped to more than single-layer spatial multiplexing,

the TBSis determined by the procedure in subclause 7.1.7.2.1. For atransport block that is mapped to two-
layer spatial multiplexing, the TBSis determined by the procedure in subclause 7.1.7.2.2. For a transport
block that is mapped to three-layer spatial multiplexing, the TBS is determined by the procedure in subclause
7.1.7.2.4. For atransport block that is mapped to four-layer spatial multiplexing, the TBSis determined by
the procedure in subclause 7.1.7.2.5.

- for 28<1,,.s <31, the TBSisassumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0< I, < 27.

- InDCI formats 2, 2A, 2B, 2C and 2D atransport block is disabled if |
transport block is enabled.

wes = 0 and if rvig = 1 otherwise the

for0<|,cs < 28, the UE shall first determine the TBS index (| 1z5) Using | s @nd Table 7.1.7.1-1 except if the
transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. When |, . = 28, if the UE

is scheduled by DCI formats 2C/2D and is configured with 26 in tbsindexAlt, 1,54 is26A; otherwise |z is
26. For atransport block that is not mapped to more than single-layer spatial multiplexing, the TBSis
determined by the procedure in subclause 7.1.7.2.1. For atransport block that is mapped to two-layer spatial
multiplexing, the TBS is determined by the procedure in subclause 7.1.7.2.2. For atransport block that is
mapped to three-layer spatial multiplexing, the TBS is determined by the procedure in subclause 7.1.7.2.4.  For
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atransport block that is mapped to four-layer spatial multiplexing, the TBS is determined by the procedure in
subclause 7.1.7.2.5.

- for29<1,,s <31, the TBSisassumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0< |, < 28. If thereisno PDCCH/EPDCCH for the
same transport block using0< 1, < 28, and if the initial PDSCH for the same transport block is semi-

persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling assignment
PDCCH/EPDCCH.

- InDCI formats 2, 2A, 2B, 2C and 2D atransport block isdisabled if I,,.s=0 andif rvig = 1 otherwise the
transport block is enabled.

The NDI and HARQ process ID, as signalled on PDCCH/EPDCCH/MPDCCH, and the TBS, as determined above,
shall be delivered to higher layers.

7.1.7.2.1 Transport blocks not mapped to two or more layer spatial multiplexing

Forl< N <110, the TBSisgiven by the (| ;g5, Nprg ) entry of Table 7.1.7.2.1-1.

Table 7.1.7.2.1-1: Transport block size table (dimension 34x110)

| res Nere
1 2 3 4 5 6 7 8 9 10
16 32 56 88 120 152 176 208 224 256
24 56 88 144 176 208 224 256 328 344
32 72 144 176 208 256 296 328 376 424

40 104 176 208 256 328 392 440 504 568
56 120 208 256 328 408 488 552 632 696
72 144 224 328 424 504 600 680 776 872
328 176 256 392 504 600 712 808 936 1032
104 224 328 472 584 712 840 968 1096 1224
120 256 392 536 680 808 968 1096 1256 1384
136 296 456 616 776 936 1096 1256 1416 1544
10 144 328 504 680 872 1032 1224 1384 1544 1736
11 176 376 584 776 1000 1192 1384 1608 1800 2024
12 208 440 680 904 1128 1352 1608 1800 2024 2280
13 224 488 744 1000 1256 1544 1800 2024 2280 2536
14 256 552 840 1128 1416 1736 1992 2280 2600 2856
15 280 600 904 1224 1544 1800 2152 2472 2728 3112
16 328 632 968 1288 1608 1928 2280 2600 2984 3240
17 336 696 1064 1416 1800 2152 2536 2856 3240 3624
18 376 776 1160 1544 1992 2344 2792 3112 3624 4008
19 408 840 1288 1736 2152 2600 2984 3496 3880 4264
20 440 904 1384 1864 2344 2792 3240 3752 4136 4584
21 488 1000 1480 1992 2472 2984 3496 4008 4584 4968
22 520 1064 1608 2152 2664 3240 3752 4264 4776 5352
23 552 1128 1736 2280 2856 3496 4008 4584 5160 5736
24 584 1192 1800 2408 2984 3624 4264 4968 5544 5992
25 616 1256 1864 2536 3112 3752 4392 5160 5736 6200
26 712 1480 2216 2984 3752 4392 5160 5992 6712 7480
26A 632 1288 1928 2600 3240 3880 4584 5160 5992 6456

OO (N[O |TO|_[WIN[(F|O

11 12 13 14 15 16 17 18 19 20
288 328 344 376 392 424 456 488 504 536
376 424 456 488 520 568 600 632 680 712
472 520 568 616 648 696 744 776 840 872
616 680 744 808 872 904 968 1032 1096 1160
776 840 904 1000 1064 1128 1192 1288 1352 1416
968 1032 1128 1224 1320 1384 1480 1544 1672 1736
1128 1224 1352 1480 1544 1672 1736 1864 1992 2088
1320 1480 1608 1672 1800 1928 2088 2216 2344 2472
1544 1672 1800 1928 2088 2216 2344 2536 2664 2792
1736 1864 2024 2216 2344 2536 2664 2856 2984 3112
1928 2088 2280 2472 2664 2792 2984 3112 3368 3496

Slo|o|~|o|o|s|wnv- (o
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11 2216 2408 2600 2792 2984 3240 3496 3624 3880 4008
12 2472 2728 2984 3240 3368 3624 3880 4136 4392 4584
13 2856 3112 3368 3624 3880 4136 4392 4584 4968 5160
14 3112 3496 3752 4008 4264 4584 4968 5160 5544 5736
15 3368 3624 4008 4264 4584 4968 5160 5544 5736 6200
16 3624 3880 4264 4584 4968 5160 5544 5992 6200 6456
17 4008 4392 4776 5160 5352 5736 6200 6456 6712 7224
18 4392 4776 5160 5544 5992 6200 6712 7224 7480 7992
19 4776 5160 5544 5992 6456 6968 7224 7736 8248 8504
20 5160 5544 5992 6456 6968 7480 7992 8248 8760 9144
21 5544 5992 6456 6968 7480 7992 8504 9144 9528 9912
22 5992 6456 6968 7480 7992 8504 9144 9528 | 10296 | 10680
23 6200 6968 7480 7992 8504 9144 9912 | 10296 | 11064 | 11448
24 6712 7224 7992 8504 9144 9912 | 10296 | 11064 | 11448 | 12216
25 6968 7480 8248 8760 9528 | 10296 | 10680 | 11448 | 12216 | 12576
26 8248 8760 9528 | 10296 | 11064 | 11832 | 12576 | 13536 | 14112 | 14688
26A 7224 7736 8504 9144 9912 | 10296 | 11064 | 11832 | 12576 | 12960

| s
21 22 23 24 25 26 27 28 29 30

568 600 616 648 680 712 744 776 776 808
744 776 808 872 904 936 968 1000 1032 1064
936 968 1000 1064 1096 1160 1192 1256 1288 1320
1224 1256 1320 1384 1416 1480 1544 1608 1672 1736
1480 1544 1608 1736 1800 1864 1928 1992 2088 2152
1864 1928 2024 2088 2216 2280 2344 2472 2536 2664
2216 2280 2408 2472 2600 2728 2792 2984 2984 3112
2536 2664 2792 2984 3112 3240 3368 3368 3496 3624
2984 3112 3240 3368 3496 3624 3752 3880 4008 4264
3368 3496 3624 3752 4008 4136 4264 4392 4584 4776
10 3752 3880 4008 4264 4392 4584 4776 4968 5160 5352
11 4264 4392 4584 4776 4968 5352 5544 5736 5992 5992
12 4776 4968 5352 5544 5736 5992 6200 6456 6712 6712
13 5352 5736 5992 6200 6456 6712 6968 7224 7480 7736
14 5992 6200 6456 6968 7224 7480 7736 7992 8248 8504
15 6456 6712 6968 7224 7736 7992 8248 8504 8760 9144
16 6712 7224 7480 7736 7992 8504 8760 9144 9528 9912
17 7480 7992 8248 8760 9144 9528 9912 | 10296 | 10296 | 10680
18 8248 8760 9144 9528 9912 | 10296 | 10680 | 11064 | 11448 | 11832
19 9144 9528 9912 | 10296 | 10680 | 11064 | 11448 | 12216 | 12576 | 12960
20 9912 | 10296 | 10680 | 11064 | 11448 | 12216 | 12576 | 12960 | 13536 | 14112
21 10680 | 11064 | 11448 | 12216 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264
22 11448 | 11832 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416
23 12216 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992
24 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336
25 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336 | 19080
26 15264 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848 | 20616 | 21384 | 22152
26A | 13536 | 14112 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848

OO (N[O |WIN(F|O

31 32 33 34 35 36 37 38 39 40
840 872 904 936 968 1000 1032 1032 1064 1096
1 1128 1160 1192 1224 1256 1288 1352 1384 1416 1416
2 1384 1416 1480 1544 1544 1608 1672 1672 1736 1800
3 1800 1864 1928 1992 2024 2088 2152 2216 2280 2344
4 2216 2280 2344 2408 2472 2600 2664 2728 2792 2856
5 2728 2792 2856 2984 3112 3112 3240 3368 3496 3496
6
7
8
9

3240 3368 3496 3496 3624 3752 3880 4008 4136 4136
3752 3880 4008 4136 4264 4392 4584 4584 4776 4968
4392 4584 4584 4776 4968 4968 5160 5352 5544 5544
4968 5160 5160 5352 5544 5736 5736 5992 6200 6200
10 5544 5736 5736 5992 6200 6200 6456 6712 6712 6968
11 6200 6456 6712 6968 6968 7224 7480 7736 7736 7992
12 6968 7224 7480 7736 7992 8248 8504 8760 8760 9144
13 7992 8248 8504 8760 9144 9144 9528 9912 9912 | 10296
14 8760 9144 9528 9912 9912 | 10296 | 10680 | 11064 | 11064 | 11448
15 9528 9912 | 10296 | 10296 | 10680 | 11064 | 11448 | 11832 | 11832 | 12216
16 9912 | 10296 | 10680 | 11064 | 11448 | 11832 | 12216 | 12216 | 12576 | 12960
17 11064 | 11448 | 11832 | 12216 | 12576 | 12960 | 13536 | 13536 | 14112 | 14688
18 12216 | 12576 | 12960 | 13536 | 14112 | 14112 | 14688 | 15264 | 15264 | 15840
19 13536 | 13536 | 14112 | 14688 | 15264 | 15264 | 15840 | 16416 | 16992 | 16992
20 14688 | 14688 | 15264 | 15840 | 16416 | 16992 | 16992 | 17568 | 18336 | 18336
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21 15840 | 15840 | 16416 | 16992 | 17568 | 18336 | 18336 | 19080 | 19848 | 19848
22 16992 | 16992 | 17568 | 18336 | 19080 | 19080 | 19848 | 20616 | 21384 | 21384
23 17568 | 18336 | 19080 | 19848 | 19848 | 20616 | 21384 | 22152 | 22152 | 22920
24 19080 | 19848 | 19848 | 20616 | 21384 | 22152 | 22920 | 22920 | 23688 | 24496
25 19848 | 20616 | 20616 | 21384 | 22152 | 22920 | 23688 | 24496 | 24496 | 25456
26 22920 | 23688 | 24496 | 25456 | 25456 | 26416 | 27376 | 28336 | 29296 | 29296
26A | 20616 | 20616 | 21384 | 22152 | 22920 | 23688 | 24496 | 24496 | 25456 | 26416

|
lal 42 43 44 45 46 47 48 49 50

1128 1160 1192 1224 1256 1256 1288 1320 1352 1384
1480 1544 1544 1608 1608 1672 1736 1736 1800 1800
1800 1864 1928 1992 2024 2088 2088 2152 2216 2216
2408 2472 2536 2536 2600 2664 2728 2792 2856 2856
2984 2984 3112 3112 3240 3240 3368 3496 3496 3624
3624 3752 3752 3880 4008 4008 4136 4264 4392 4392
4264 4392 4584 4584 4776 4776 4968 4968 5160 5160
4968 5160 5352 5352 5544 5736 5736 5992 5992 6200
5736 5992 5992 6200 6200 6456 6456 6712 6968 6968
6456 6712 6712 6968 6968 7224 7480 7480 7736 7992
10 7224 7480 7480 7736 7992 7992 8248 8504 8504 8760
11 8248 8504 8760 8760 9144 9144 9528 9528 9912 9912
12 9528 9528 9912 9912 | 10296 | 10680 | 10680 | 11064 | 11064 | 11448
13 10680 | 10680 | 11064 | 11448 | 11448 | 11832 | 12216 | 12216 | 12576 | 12960
14 11832 | 12216 | 12216 | 12576 | 12960 | 12960 | 13536 | 13536 | 14112 | 14112
15 12576 | 12960 | 12960 | 13536 | 13536 | 14112 | 14688 | 14688 | 15264 | 15264
16 13536 | 13536 | 14112 | 14112 | 14688 | 14688 | 15264 | 15840 | 15840 | 16416
17 14688 | 15264 | 15264 | 15840 | 16416 | 16416 | 16992 | 17568 | 17568 | 18336
18 16416 | 16416 | 16992 | 17568 | 17568 | 18336 | 18336 | 19080 | 19080 | 19848
19 17568 | 18336 | 18336 | 19080 | 19080 | 19848 | 20616 | 20616 | 21384 | 21384
20 19080 | 19848 | 19848 | 20616 | 20616 | 21384 | 22152 | 22152 | 22920 | 22920
21 20616 | 21384 | 21384 | 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456
22 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 27376
23 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 27376 | 27376 | 28336 | 28336
24 25456 | 25456 | 26416 | 26416 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576
25 26416 | 26416 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576 | 31704 | 31704
26 30576 | 30576 | 31704 | 32856 | 32856 | 34008 | 35160 | 35160 | 36696 | 36696
26A | 26416 | 27376 | 27376 | 29296 | 29296 | 29296 | 30576 | 30576 | 31704 | 32856

OO (N[O |O|™[WIN[(F|O

51 52 53 54 55 56 57 58 59 60
1416 1416 1480 1480 1544 1544 1608 1608 1608 1672
1 1864 1864 1928 1992 1992 2024 2088 2088 2152 2152
2 2280 2344 2344 2408 2472 2536 2536 2600 2664 2664
3 2984 2984 3112 3112 3240 3240 3368 3368 3496 3496
4 3624 3752 3752 3880 4008 4008 4136 4136 4264 4264
5 4584 4584 4776 4776 4776 4968 4968 5160 5160 5352
6
7
8
9

5352 5352 5544 5736 5736 5992 5992 5992 6200 6200
6200 6456 6456 6712 6712 6712 6968 6968 7224 7224
7224 7224 7480 7480 7736 7736 7992 7992 8248 8504
7992 8248 8248 8504 8760 8760 9144 9144 9144 9528
10 9144 9144 9144 9528 9528 9912 9912 | 10296 | 10296 | 10680
11 10296 | 10680 | 10680 | 11064 | 11064 | 11448 | 11448 | 11832 | 11832 | 12216
12 11832 | 11832 | 12216 | 12216 | 12576 | 12576 | 12960 | 12960 | 13536 | 13536
13 12960 | 13536 | 13536 | 14112 | 14112 | 14688 | 14688 | 14688 | 15264 | 15264
14 14688 | 14688 | 15264 | 15264 | 15840 | 15840 | 16416 | 16416 | 16992 | 16992
15 15840 | 15840 | 16416 | 16416 | 16992 | 16992 | 17568 | 17568 | 18336 | 18336
16 16416 | 16992 | 16992 | 17568 | 17568 | 18336 | 18336 | 19080 | 19080 | 19848
17 18336 | 19080 | 19080 | 19848 | 19848 | 20616 | 20616 | 20616 | 21384 | 21384
18 19848 | 20616 | 21384 | 21384 | 22152 | 22152 | 22920 | 22920 | 23688 | 23688
19 22152 | 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456 | 25456 | 25456
20 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 26416 | 27376 | 27376 | 28336
21 25456 | 26416 | 26416 | 27376 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576
22 27376 | 28336 | 28336 | 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 32856
23 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 32856 | 32856 | 34008 | 34008
24 31704 | 31704 | 32856 | 32856 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696
25 32856 | 32856 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696 | 37888 | 37888
26 37888 | 37888 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816
26A || 32856 | 34008 | 34008 | 35160 | 36696 | 36696 | 36696 | 37888 | 37888 | 39232
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| ras
61 62 63 64 65 66 67 68 69 70

1672 1736 1736 1800 1800 1800 1864 1864 1928 1928
2216 2280 2280 2344 2344 2408 2472 2472 2536 2536
2728 2792 2856 2856 2856 2984 2984 3112 3112 3112
3624 3624 3624 3752 3752 3880 3880 4008 4008 4136
4392 4392 4584 4584 4584 4776 4776 4968 4968 4968
5352 5544 5544 5736 5736 5736 5992 5992 5992 6200
6456 6456 6456 6712 6712 6968 6968 6968 7224 7224
7480 7480 7736 7736 7992 7992 8248 8248 8504 8504
8504 8760 8760 9144 9144 9144 9528 9528 9528 9912
9528 9912 9912 | 10296 | 10296 | 10296 | 10680 | 10680 | 11064 | 11064
10 10680 | 11064 | 11064 | 11448 | 11448 | 11448 | 11832 | 11832 | 12216 | 12216
11 12216 | 12576 | 12576 | 12960 | 12960 | 13536 | 13536 | 13536 | 14112 | 14112
12 14112 | 14112 | 14112 | 14688 | 14688 | 15264 | 15264 | 15264 | 15840 | 15840
13 15840 | 15840 | 16416 | 16416 | 16992 | 16992 | 16992 | 17568 | 17568 | 18336
14 17568 | 17568 | 18336 | 18336 | 18336 | 19080 | 19080 | 19848 | 19848 | 19848
15 18336 | 19080 | 19080 | 19848 | 19848 | 20616 | 20616 | 20616 | 21384 | 21384
16 19848 | 19848 | 20616 | 20616 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920
17 22152 | 22152 | 22920 | 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456
18 24496 | 24496 | 24496 | 25456 | 25456 | 26416 | 26416 | 27376 | 27376 | 27376
19 26416 | 26416 | 27376 | 27376 | 28336 | 28336 | 29296 | 29296 | 29296 | 30576
20 28336 | 29296 | 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 31704 | 32856
21 30576 | 31704 | 31704 | 31704 | 32856 | 32856 | 34008 | 34008 | 35160 | 35160
22 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696 | 36696 | 37888
23 35160 | 35160 | 36696 | 36696 | 37888 | 37888 | 37888 | 39232 | 39232 | 40576
24 36696 | 37888 | 37888 | 39232 | 39232 | 40576 | 40576 | 42368 | 42368 | 42368
25 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 43816
26 45352 | 45352 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 52752
26A | 40576 | 40576 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 45352 | 45352

OO (N[O |WIN(F|O

71 72 73 74 75 76 77 78 79 80
1992 1992 2024 2088 2088 2088 2152 2152 2216 2216
1 2600 2600 2664 2728 2728 2792 2792 2856 2856 2856
2 3240 3240 3240 3368 3368 3368 3496 3496 3496 3624
3 4136 4264 4264 4392 4392 4392 4584 4584 4584 4776
4 5160 5160 5160 5352 5352 5544 5544 5544 5736 5736
5 6200 6200 6456 6456 6712 6712 6712 6968 6968 6968
6
7
8
9

7480 7480 7736 7736 7736 7992 7992 8248 8248 8248
8760 8760 8760 9144 9144 9144 9528 9528 9528 9912
9912 9912 | 10296 | 10296 | 10680 | 10680 | 10680 | 11064 | 11064 | 11064
11064 | 11448 | 11448 | 11832 | 11832 | 11832 | 12216 | 12216 | 12576 | 12576
10 12576 | 12576 | 12960 | 12960 | 12960 | 13536 | 13536 | 13536 | 14112 | 14112
11 14112 | 14688 | 14688 | 14688 | 15264 | 15264 | 15840 | 15840 | 15840 | 16416
12 16416 | 16416 | 16416 | 16992 | 16992 | 17568 | 17568 | 17568 | 18336 | 18336
13 18336 | 18336 | 19080 | 19080 | 19080 | 19848 | 19848 | 19848 | 20616 | 20616
14 20616 | 20616 | 20616 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920
15 22152 | 22152 | 22152 | 22920 | 22920 | 23688 | 23688 | 23688 | 24496 | 24496
16 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 26416
17 25456 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376 | 28336 | 28336 | 29296
18 28336 | 28336 | 29296 | 29296 | 29296 | 30576 | 30576 | 30576 | 31704 | 31704
19 30576 | 30576 | 31704 | 31704 | 32856 | 32856 | 32856 | 34008 | 34008 | 34008
20 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160 | 36696 | 36696 | 36696
21 35160 | 36696 | 36696 | 36696 | 37888 | 37888 | 39232 | 39232 | 39232 | 40576
22 37888 | 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 42368 | 43816
23 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352 | 45352
24 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
25 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024
26 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256
26A || 45352 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024 | 52752

81 82 83 84 85 86 87 88 89 90
2280 2280 2280 2344 2344 2408 2408 2472 2472 2536
2984 2984 2984 3112 3112 3112 3240 3240 3240 3240
3624 3624 3752 3752 3880 3880 3880 4008 4008 4008
4776 4776 4776 4968 4968 4968 5160 5160 5160 5352
5736 5992 5992 5992 5992 6200 6200 6200 6456 6456
7224 7224 7224 7480 7480 7480 7736 7736 7736 7992

QW |N|F|O
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6 8504 8504 8760 8760 8760 9144 9144 9144 9144 9528
7 9912 9912 | 10296 | 10296 | 10296 | 10680 | 10680 | 10680 | 11064 | 11064
8 11448 | 11448 | 11448 | 11832 | 11832 | 12216 | 12216 | 12216 | 12576 | 12576
9 12960 | 12960 | 12960 | 13536 | 13536 | 13536 | 13536 | 14112 | 14112 | 14112
10 14112 | 14688 | 14688 | 14688 | 14688 | 15264 | 15264 | 15264 | 15840 | 15840
11 16416 | 16416 | 16992 | 16992 | 16992 | 17568 | 17568 | 17568 | 18336 | 18336
12 18336 | 19080 | 19080 | 19080 | 19080 | 19848 | 19848 | 19848 | 20616 | 20616
13 20616 | 21384 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920 | 22920
14 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 25456
15 24496 | 25456 | 25456 | 25456 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376
16 26416 | 26416 | 27376 | 27376 | 27376 | 28336 | 28336 | 28336 | 29296 | 29296
17 29296 | 29296 | 30576 | 30576 | 30576 | 30576 | 31704 | 31704 | 31704 | 32856
18 31704 | 32856 | 32856 | 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160
19 35160 | 35160 | 35160 | 36696 | 36696 | 36696 | 37888 | 37888 | 37888 | 39232
20 37888 | 37888 | 39232 | 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368
21 40576 | 40576 | 42368 | 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352
22 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
23 46888 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024 | 51024
24 48936 | 51024 | 51024 | 51024 | 52752 | 52752 | 52752 | 52752 | 55056 | 55056
25 51024 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336
26 59256 | 59256 | 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592
26A || 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256

91 92 93 94 95 96 97 98 99 100
2536 2536 2600 2600 2664 2664 | 2728 2728 2728 2792
1 3368 3368 3368 3496 3496 3496 3496 3624 3624 | 3624
2 4136 4136 4136 4264 | 4264 | 4264 | 4392 4392 4392 4584
3 5352 5352 5352 5544 5544 5544 | 5736 5736 5736 5736
4 6456 6456 6712 6712 6712 6968 6968 6968 6968 7224
5 7992 7992 8248 8248 8248 8504 | 8504 8760 8760 8760
6
7
8
9

9528 9528 9528 9912 9912 9912 | 10296 | 10296 | 10296 | 10296
11064 | 11448 | 11448 | 11448 | 11448 | 11832 | 11832 | 11832 | 12216 | 12216
12576 | 12960 | 12960 | 12960 | 13536 | 13536 | 13536 | 13536 | 14112 | 14112
14112 | 14688 | 14688 | 14688 | 15264 | 15264 | 15264 | 15264 | 15840 | 15840
10 15840 | 16416 | 16416 | 16416 | 16992 | 16992 | 16992 | 16992 | 17568 | 17568
11 18336 | 18336 | 19080 | 19080 | 19080 | 19080 | 19848 | 19848 | 19848 | 19848
12 20616 | 21384 | 21384 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920
13 23688 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 25456
14 26416 | 26416 | 26416 | 27376 | 27376 | 27376 | 28336 | 28336 | 28336 | 28336
15 28336 | 28336 | 28336 | 29296 | 29296 | 29296 | 29296 | 30576 | 30576 | 30576
16 29296 | 30576 | 30576 | 30576 | 30576 | 31704 | 31704 | 31704 | 31704 | 32856
17 32856 | 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160 | 35160 | 36696
18 36696 | 36696 | 36696 | 37888 | 37888 | 37888 | 37888 | 39232 | 39232 | 39232
19 39232 | 39232 | 40576 | 40576 | 40576 | 40576 | 42368 | 42368 | 42368 | 43816
20 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888
21 45352 | 46888 | 46888 | 46888 | 46888 | 48936 | 48936 | 48936 | 48936 | 51024
22 48936 | 48936 | 51024 | 51024 | 51024 | 51024 | 52752 | 52752 | 52752 | 55056
23 52752 | 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336
24 55056 | 57336 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256 | 61664 | 61664
25 57336 | 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 61664 | 63776 | 63776
26 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 73712 | 73712 | 75376
26A | 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592

101 102 103 104 105 106 107 108 109 110
2792 2856 2856 2856 2984 2984 2984 2984 2984 3112
1 3752 3752 3752 3752 3880 3880 3880 4008 4008 4008
2 4584 4584 4584 4584 4776 4776 4776 4776 4968 4968
3 5992 5992 5992 5992 6200 6200 6200 6200 6456 6456
4 7224 7224 7480 7480 7480 7480 7736 7736 7736 7992
5 8760 9144 9144 9144 9144 9528 9528 9528 9528 9528
6
7
8
9

10680 | 10680 | 10680 | 10680 | 11064 | 11064 | 11064 | 11448 | 11448 | 11448
12216 | 12576 | 12576 | 12576 | 12960 | 12960 | 12960 | 12960 | 13536 | 13536
14112 | 14112 | 14688 | 14688 | 14688 | 14688 | 15264 | 15264 | 15264 | 15264
15840 | 16416 | 16416 | 16416 | 16416 | 16992 | 16992 | 16992 | 16992 | 17568
10 17568 | 18336 | 18336 | 18336 | 18336 | 18336 | 19080 | 19080 | 19080 | 19080
11 20616 | 20616 | 20616 | 21384 | 21384 | 21384 | 21384 | 22152 | 22152 | 22152
12 22920 | 23688 | 23688 | 23688 | 23688 | 24496 | 24496 | 24496 | 24496 | 25456
13 26416 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376 | 27376 | 28336 | 28336
14 29296 | 29296 | 29296 | 29296 | 30576 | 30576 | 30576 | 30576 | 31704 | 31704
15 30576 | 31704 | 31704 | 31704 | 31704 | 32856 | 32856 | 32856 | 34008 | 34008

ETSI



3GPP TS 36.213 version 13.2.0 Release 13 79 ETSI TS 136 213 V13.2.0 (2016-08)

16 32856 | 32856 | 34008 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160 | 35160
17 36696 | 36696 | 36696 | 37888 | 37888 | 37888 | 39232 | 39232 | 39232 | 39232
18 40576 | 40576 | 40576 | 40576 | 42368 | 42368 | 42368 | 42368 | 43816 | 43816
19 43816 | 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888 | 46888 | 46888
20 46888 | 46888 | 48936 | 48936 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024
21 51024 | 51024 | 51024 | 52752 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056
22 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256
23 57336 | 59256 | 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 61664 | 63776
24 61664 | 61664 | 63776 | 63776 | 63776 | 63776 | 66592 | 66592 | 66592 | 66592
25 63776 | 63776 | 66592 | 66592 | 66592 | 66592 | 68808 | 68808 | 68808 | 71112
26 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376
26A | 66592 | 66592 | 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 71112

I TBS

27 648 1320 1992 2664 3368 4008 4584 5352 5992 6712
28 680 1384 2088 2792 3496 4264 4968 5544 6200 6968
29 712 1480 2216 2984 3752 4392 5160 5992 6712 7480
30 776 1544 2344 3112 3880 4776 5544 6200 6968 7736
31 808 1608 2472 3240 4136 4968 5736 6456 7480 8248
32 840 1672 2536 3368 4264 5160 5992 6712 7736 8504
33 968 1992 2984 4008 4968 5992 6968 7992 8760 9912
33A 840 1736 2600 3496 4392 5160 5992 6968 7736 8760

| g5
11 12 13 14 15 16 17 18 19 20

27 7224 7992 8504 9144 9912 | 10680 | 11448 | 11832 | 12576 | 12960
28 7736 8504 9144 9912 | 10680 | 11064 | 11832 | 12576 | 13536 | 14112
29 8248 8760 9528 | 10296 | 11064 | 11832 | 12576 | 13536 | 14112 | 14688
30 8504 9528 | 10296 | 11064 | 11832 | 12576 | 13536 | 14112 | 14688 | 15840
31 9144 9912 | 10680 | 11448 | 12216 | 12960 | 14112 | 14688 | 15840 | 16416
32 9528 | 10296 | 11064 | 11832 | 12960 | 13536 | 14688 | 15264 | 16416 | 16992
33 10680 | 11832 | 12960 | 13536 | 14688 | 15840 | 16992 | 17568 | 19080 | 19848
33A 9528 | 10296 | 11448 | 12216 | 12960 | 14112 | 14688 | 15840 | 16416 | 17568

| res
21 22 23 24 25 26 27 28 29 30

27 14112 | 14688 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848
28 14688 | 15264 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848 | 20616 | 21384
29 15840 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848 | 20616 | 21384 | 22152
30 16416 | 16992 | 18336 | 19080 | 19848 | 20616 | 21384 | 22152 | 22920 | 23688
31 17568 | 18336 | 19080 | 19848 | 20616 | 21384 | 22152 | 22920 | 23688 | 24496
32 17568 | 19080 | 19848 | 20616 | 21384 | 22152 | 22920 | 23688 | 24496 | 25456
33 20616 | 21384 | 22920 | 23688 | 24496 | 25456 | 26416 | 27376 | 28336 | 29296
33A | 18336 | 19080 | 19848 | 20616 | 22152 | 22920 | 23688 | 24496 | 25456 | 26416

|

il 32 33 34 35 36 37 38 39 40
27 20616 | 21384 | 22152 | 22920 | 22920 | 23688 | 24496 | 25456 | 25456 | 26416
28 22152 | 22152 | 22920 | 23688 | 24496 | 25456 | 26416 | 26416 | 27376 | 28336
29 22920 | 23688 | 24496 | 25456 | 26416 | 26416 | 27376 | 28336 | 29296 | 29296
30 24496 | 25456 | 25456 | 26416 | 27376 | 28336 | 29296 | 29296 | 30576 | 31704
31 25456 | 26416 | 27376 | 28336 | 29296 | 29296 | 30576 | 31704 | 31704 | 32856
32 26416 | 27376 | 28336 | 29296 | 29296 | 30576 | 31704 | 32856 | 32856 | 34008
33 30576 | 31704 | 32856 | 34008 | 35160 | 35160 | 36696 | 37888 | 39232 | 39232
33A 27376 | 27376 | 29296 | 29296 | 30576 | 30576 | 31704 | 32856 | 34008 | 35160

|
™S a1 42 43 44 45 46 47 48 49 50

27 27376 | 27376 | 28336 | 29296 | 29296 | 30576 | 31704 | 31704 | 32856 | 32856
28 29296 | 29296 | 30576 | 30576 | 31704 | 32856 | 32856 | 34008 | 34008 | 35160
29 30576 | 31704 | 31704 | 32856 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696
30 31704 | 32856 | 34008 | 34008 | 35160 | 36696 | 36696 | 37888 | 37888 | 39232
31 34008 | 35160 | 35160 | 36696 | 36696 | 37888 | 39232 | 39232 | 40576 | 40576
32 35160 | 35160 | 36696 | 37888 | 37888 | 39232 | 40576 | 40576 | 42368 | 42368
33 40576 | 40576 | 42368 | 43816 | 43816 | 45352 | 46888 | 46888 | 48936 | 48936
33A | 35160 | 36696 | 36696 | 37888 | 39232 | 40576 | 40576 | 40576 | 42368 | 43816

ETSI
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N prg
51 52 53 54 55 56 57 58 59 60

27 34008 | 34008 | 35160 | 35160 | 36696 | 36696 | 37888 | 37888 | 39232 | 39232
28 35160 | 36696 | 36696 | 37888 | 39232 | 39232 | 40576 | 40576 | 42368 | 42368
29 37888 | 39232 | 39232 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 45352
30 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 45352 | 45352 | 46888 | 46888
31 42368 | 42368 | 43816 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
32 43816 | 43816 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936 | 51024 | 51024
33 51024 | 51024 | 52752 | 52752 | 55056 | 55056 | 57336 | 57336 | 59256 | 59256
33A || 43816 | 45352 | 45352 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 52752

I TBS

|

el h 62 63 64 65 66 67 68 69 70
27 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352 | 46888
28 42368 | 43816 | 43816 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
29 45352 | 45352 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 52752
30 46888 | 48936 | 48936 | 51024 | 51024 | 51024 | 52752 | 52752 | 55056 | 55056
31 51024 | 51024 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056 | 57336 | 57336
32 52752 | 52752 | 52752 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256 | 59256
33 59256 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592 | 68808 | 68308
33A 52752 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256 | 59256 | 61664

l r8s
71 72 73 74 75 76 77 78 79 80

27 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024 | 52752 | 52752
28 48936 | 51024 | 51024 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056 | 57336
29 52752 | 52752 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256 | 59256
30 55056 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256 | 61664 | 61664 | 63776
31 59256 | 59256 | 59256 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592
32 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592 | 66592 | 68808
33 71112 | 71112 | 71112 | 73712 | 75376 | 76208 | 76208 | 76208 | 78704 | 78704
33A || 61664 | 61664 | 63776 | 63776 | 66592 | 66592 | 66592 | 68808 | 68808 | 68808

|
™S T8t 82 83 84 85 86 87 88 89 90
27 52752 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256
28 57336 | 57336 | 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 61664 | 63776
29 59256 | 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592 | 66592
30 63776 | 63776 | 63776 | 66592 | 66592 | 66592 | 68808 | 68808 | 68808 | 71112
31 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 73712 | 73712 | 73712
32 68808 | 71112 | 71112 | 71112 | 73712 | 73712 | 73712 | 75376 | 76208 | 76208
33 81176 | 81176 | 81176 | 81176 | 84760 | 84760 | 84760 | 87936 | 87936 | 87936
33A 71112 | 71112 | 71112 | 73712 | 75376 | 75376 | 76208 | 76208 | 78704 | 78704

|
il 92 93 94 95 96 97 98 99 | 100

27 59256 | 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 63776 | 66592 | 66592
28 63776 | 63776 | 66592 | 66592 | 66592 | 66592 | 68808 | 68808 | 68808 | 71112
29 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 73712 | 73712 | 73712
30 71112 | 71112 | 73712 | 73712 | 75376 | 75376 | 76208 | 76208 | 78704 | 78704
31 75376 | 76208 | 76208 | 78704 | 78704 | 78704 | 81176 | 81176 | 81176 | 81176
32 78704 | 78704 | 78704 | 81176 | 81176 | 81176 | 84760 | 84760 | 84760 | 84760
33 90816 | 90816 | 90816 | 93800 | 93800 | 93800 | 93800 | 97896 | 97896 | 97896
33A | 78704 | 81176 | 81176 | 81176 | 81176 | 84760 | 84760 | 84760 | 84760 | 87936

|
™S 17701 [ 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110

27 66592 | 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 71112 | 73712
28 71112 | 71112 | 73712 | 73712 | 73712 | 75376 | 75376 | 76208 | 76208 | 76208
29 75376 | 76208 | 76208 | 76208 | 78704 | 78704 | 78704 | 81176 | 81176 | 81176
30 78704 | 81176 | 81176 | 81176 | 81176 | 84760 | 84760 | 84760 | 84760 | 87936
31 84760 | 84760 | 84760 | 84760 | 87936 | 87936 | 87936 | 87936 | 90816 | 90816
32 87936 | 87936 | 87936 | 87936 | 90816 | 90816 | 90816 | 93800 | 93800 | 93800
33 97896 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896
33A || 87936 | 87936 | 87936 | 90816 | 90816 | 90816 | 93800 | 93800 | 93800 | 97896
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Transport blocks mapped to two-layer spatial multiplexing

Forl1< Npzs <55, the TBSisgiven by the (| z5,2- Npgg ) entry of Table 7.1.7.2.1-1.

For56 < Npeg <110, abaseline TBS_L1 istaken fromthe (1155, Npgg ) entry of Table 7.1.7.2.1-1, which isthen

trandated into TBS_L 2 using the mapping rule shown in Table 7.1.7.2.2-1. The TBSisgiven by TBS L2.

Table 7.1.7.2.2-1: One-layer to two-layer TBS translation table

TBS L1 TBS L2 TBS L1 TBS L2 TBS L1 TBS L2 TBS L1 TBS L2
1544 3112 3752 7480 10296 20616 28336 57336
1608 3240 3880 7736 10680 21384 29296 59256
1672 3368 4008 7992 11064 22152 30576 61664
1736 3496 4136 8248 11448 22920 31704 63776
1800 3624 4264 8504 11832 23688 32856 66592
1864 3752 4392 8760 12216 24496 34008 68808
1928 3880 4584 9144 12576 25456 35160 71112
1992 4008 4776 9528 12960 25456 36696 73712
2024 4008 4968 9912 13536 27376 37888 76208
2088 4136 5160 10296 14112 28336 39232 78704
2152 4264 5352 10680 14688 29296 40576 81176
2216 4392 5544 11064 15264 30576 42368 84760
2280 4584 5736 11448 15840 31704 43816 87936
2344 4776 5992 11832 16416 32856 45352 90816
2408 4776 6200 12576 16992 34008 46888 93800
2472 4968 6456 12960 17568 35160 48936 97896
2536 5160 6712 13536 18336 36696 51024 101840
2600 5160 6968 14112 19080 37888 52752 105528
2664 5352 7224 14688 19848 39232 55056 110136
2728 5544 7480 14688 20616 40576 57336 115040
2792 5544 7736 15264 21384 42368 59256 119816
2856 5736 7992 15840 22152 43816 61664 124464
2984 5992 8248 16416 22920 45352 63776 128496
3112 6200 8504 16992 23688 46888 66592 133208
3240 6456 8760 17568 24496 48936 68808 137792
3368 6712 9144 18336 25456 51024 71112 142248
3496 6968 9528 19080 26416 52752 73712 146856
3624 7224 9912 19848 27376 55056 75376 149776
76208 152976 81176 161760 87936 175600 93800 187712
78704 157432 84760 169544 90816 181656 97896 195816

7.1.7.2.3 Transport blocks mapped for DCI Format 1C and DCI Format 6-2

The TBSisgiven by thel g entry of Table 7.1.7.2.3-1. For DCI Format 6-2, 0<|,,,<7-

Table 7.1.7.2.3-1: Transport Block Size (TBS) table for DCI format 1C and DCI Format 6-2

ETSI

les | O | 2 | 2 | 3| 4|5 |6 | 7 8 9 10 | 11 | 12 | 13 | 14 | 15
TBS | 40 | 56 | 72 [ 120|136 | 144 | 176 | 208 | 224 | 256 | 280 | 296 | 328 | 336 | 392 | 488
ltes | 16 | 17 | 18 | 19 | 20 | 21 |22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
TBS | 552 | 600 | 632 | 696 | 776 | 840 | 904 | 1000 | 1064 | 1128 | 1224 | 1288 | 1384 | 1480 | 1608 | 1736
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7.1.7.2.4 Transport blocks mapped to three-layer spatial multiplexing

For 1< Nprg <36, the TBSisgiven by the (I 55,3 Npgg ) entry of Table 7.1.7.2.1-1.

For 37 < Npgg <110, abaseline TBS_L 1 istaken fromthe (I 55, Npgg ) entry of Table 7.1.7.2.1-1, which isthen
trandated into TBS_L 3 using the mapping rule shown in Table 7.1.7.2.4-1. The TBSisgiven by TBS L3.

Table 7.1.7.2.4-1: One-layer to three-layer TBS translation table

ETSI

TBS L1 TBS L3 TBS L1 TBS L3 TBS L1 TBS_L3 TBS L1 TBS L3
1032 3112 2664 7992 8248 24496 26416 78704
1064 3240 2728 8248 8504 25456 27376 81176
1096 3240 2792 8248 8760 26416 28336 84760
1128 3368 2856 8504 9144 27376 29296 87936
1160 3496 2984 8760 9528 28336 30576 90816
1192 3624 3112 9144 9912 29296 31704 93800
1224 3624 3240 9528 10296 30576 32856 97896
1256 3752 3368 9912 10680 31704 34008 101840
1288 3880 3496 10296 11064 32856 35160 105528
1320 4008 3624 10680 11448 34008 36696 110136
1352 4008 3752 11064 11832 35160 37888 115040
1384 4136 3880 11448 12216 36696 39232 119816
1416 4264 4008 11832 12576 37888 40576 119816
1480 4392 4136 12576 12960 39232 42368 128496
1544 4584 4264 12960 13536 40576 43816 133208
1608 4776 4392 12960 14112 42368 45352 137792
1672 4968 4584 13536 14688 43816 46888 142248
1736 5160 4776 14112 15264 45352 48936 146856
1800 5352 4968 14688 15840 46888 51024 152976
1864 5544 5160 15264 16416 48936 52752 157432
1928 5736 5352 15840 16992 51024 55056 165216
1992 5992 5544 16416 17568 52752 57336 171888
2024 5992 5736 16992 18336 55056 59256 177816
2088 6200 5992 18336 19080 57336 61664 185728
2152 6456 6200 18336 19848 59256 63776 191720
2216 6712 6456 19080 20616 61664 66592 199824
2280 6712 6712 19848 21384 63776 68808 205880
2344 6968 6968 20616 22152 66592 71112 214176
2408 7224 7224 21384 22920 68808 73712 221680
2472 7480 7480 22152 23688 71112 75376 226416
2536 7480 7736 22920 24496 73712
2600 7736 7992 23688 25456 76208
76208 230104 81176 245648 87936 266440 93800 284608
78704 236160 84760 254328 90816 275376 97896 293736
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7.1.7.2.5 Transport blocks mapped to four-layer spatial multiplexing

For 1< Nppg <27, the TBSisgiven by the (I 55,4 Npgg) entry of Table 7.1.7.2.1-1.

For 28< Nppg <110, abaseline TBS_L 1 istaken fromthe (I 55, Npgg ) entry of Table 7.1.7.2.1-1, which isthen
trandated into TBS_L4 using the mapping rule shown in Table 7.1.7.2.5-1. The TBSisgiven by TBS L4.

Table 7.1.7.2.5-1: One-layer to four-layer TBS translation table

TBS_L1 TBS_L4 TBS L1 TBS_L4 TBS_L1 TBS L4 TBS L1 TBS_L4
776 3112 2280 9144 7224 29296 24496 97896
808 3240 2344 9528 7480 29296 25456 101840
840 3368 2408 9528 7736 30576 26416 105528
872 3496 2472 9912 7992 31704 27376 110136
904 3624 2536 10296 8248 32856 28336 115040
936 3752 2600 10296 8504 34008 29296 115040
968 3880 2664 10680 8760 35160 30576 124464
1000 4008 2728 11064 9144 36696 31704 128496
1032 4136 2792 11064 9528 37888 32856 133208
1064 4264 2856 11448 9912 39232 34008 137792
1096 4392 2984 11832 10296 40576 35160 142248
1128 4584 3112 12576 10680 42368 36696 146856
1160 4584 3240 12960 11064 43816 37888 151376
1192 4776 3368 13536 11448 45352 39232 157432
1224 4968 3496 14112 11832 46888 40576 161760
1256 4968 3624 14688 12216 48936 42368 169544
1288 5160 3752 15264 12576 51024 43816 175600
1320 5352 3880 15264 12960 51024 45352 181656
1352 5352 4008 15840 13536 55056 46888 187712
1384 5544 4136 16416 14112 57336 48936 195816
1416 5736 4264 16992 14688 59256 51024 203704
1480 5992 4392 17568 15264 61664 52752 211936
1544 6200 4584 18336 15840 63776 55056 220296
1608 6456 4776 19080 16416 66592 57336 230104
1672 6712 4968 19848 16992 68808 59256 236160
1736 6968 5160 20616 17568 71112 61664 245648
1800 7224 5352 21384 18336 73712 63776 254328
1864 7480 5544 22152 19080 76208 66592 266440
1928 7736 5736 22920 19848 78704 68808 275376
1992 7992 5992 23688 20616 81176 71112 284608
2024 7992 6200 24496 21384 84760 73712 293736
2088 8248 6456 25456 22152 87936 75376 299856
2152 8504 6712 26416 22920 90816
2216 8760 6968 28336 23688 93800
76208 305976 81176 324336 87936 351224 93800 375448
78704 314888 84760 339112 90816 363336 97896 391656

7.1.7.2.6 Transport blocks mapped for BL/CE UEs configured with CEModeB
The UE shall set |1pg = |7gs and determineits TBS by the procedure in subclause 7.1.7.2.1 for 0< |15 <9, and

Npgg =40r Npgg = 6.
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7.1.7.2.7 Transport blocks mapped for BL/CE UEs SystemInformationBlockTypel-BR
The TBSisgiven by the | ;54 entry of Table 7.1.7.2.7-1.

Table 7.1.7.2.7-1: Transport block size (TBS) table for PDSCH carrying
SystemInformationBlockTypel-BR

les| O | 1 | 2 3 4 | 5 | 6 | 7 | 8| 9 |10 |11 |12 |13 |14 | 15

TBS| N/A | 208 | 208 208 256 | 256 | 256 | 328 | 328 | 328 | 504 | 504 | 504 | 712 | 712 | 712

lgs| 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

TBS| 936 | 936 | 936 Reserved

7.1.7.3 Redundancy Version determination for Format 1C
If the DCI Format 1C CRC is scrambled by P-RNTI or RA-RNTI, then

- the UE shall set the Redundancy Versionto 0
Elseif the DCI Format 1C CRC is scrambled by SI-RNTI, then

- the UE shall set the Redundancy Version as defined in [8].

7.1.8  Storing soft channel bits

For FDD, TDD and FDD-TDD, if the UE is configured with more than one serving cell or if the UE is configured with
a SCG, then for each serving cell, for at least Ko - min(M oL targ M “rm) transport blocks, upon decoding failure of a
code block of atransport block, the UE shall store received soft channel bits corresponding to arange of at least

Wi Wit s+++» Winod(keng-1,N,) » WHEre:

Ng = min{NCb { — N_S"“ D
C- Nceus . KMIMO -mi n(M DL_HARQ 1 M limit )

W, C, Ny Koo @d My, aredefined in subclause 5.1.4.1.2 of [4].

MbL_narg iS the maximum number of DL HARQ processes.
If the UE is configured with a SCG

- N2k isthe number of configured serving cells across both MCG and SCG.

else

- N2, isthe number of configured serving cells.

If the UE signals ue-CategoryDL-r12, N/
indicated by ue-CategoryDL-r12 [11]. Elseif the UE signals ue-Category-v1170 and not ue-CategoryDL-r12, N is

the total number of soft channel bits [12] according to the UE category indicated by ue-Category-v1170 [11]. Elseif the
UE signals ue-Category-v1020 and not ue-Category-v1170 and not ue-CategoryDL-r12, N7, isthetotal number of

soft channel bits [12] according to the UE category indicated by ue-Category-v1020 [11]. Otherwise, N’ isthetotal
number of soft channel bits[12] according to the UE category indicated by ue-Category (without suffix) [11].

isthe total number of soft channel bits[12] according to the UE category

In determining k, the UE should give priority to storing soft channel bits corresponding to lower values of k. W, shall

correspond to areceived soft channel bit. Therange W, Wi, ..., Wiogng-1,n,,) MaY include subsets not containing
received soft channel bits.
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7.1.9 PDSCH resource mapping parameters

A UE configured in transmission mode 10 for a given serving cell can be configured with up to 4 parameter sets by
higher layer signaling to decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 2D intended for
the UE and the given serving cell. The UE shall use the parameter set according to the value of the 'PDSCH RE
Mapping and Quasi-Co-L ocation indicator' field (mapping defined in Table 7.1.9-1) in the detected PDCCH/EPDCCH
with DCI format 2D for determining the PDSCH RE mapping (defined in subclause 6.4 of [3]), and for determining
PDSCH antenna port quasi co-location (defined in subclause 7.1.10) if the UE is configured with Type B quasi co-
location type (defined in subclause 7.1.10). For PDSCH without a corresponding PDCCH/EPDCCH, the UE shall use
the parameter set indicated in the PDCCH/EPDCCH with DCI format 2D corresponding to the associated SPS
activation for determining the PDSCH RE mapping (defined in subclause 6.4 of [3]) and PDSCH antenna port quasi co-
location (defined in subclause 7.1.10).

Table 7.1.9-1: PDSCH RE Mapping and Quasi-Co-Location Indicator field in DCI format 2D

\Value of 'PDSCH RE Mapping and Quasi-Co-Location Indicator' field Description
‘00’ Parameter set 1 configured by higher layers
'01' Parameter set 2 configured by higher layers
'10' Parameter set 3 configured by higher layers
11 Parameter set 4 configured by higher layers|

The following parameters for determining PDSCH RE mapping and PDSCH antenna port quasi co-location are
configured via higher layer signaling for each parameter set:

- crs-PortsCount-r1l.

- crs-FregShift-ril.

- mbsfn-SubframeConfigList-r11.
- csi-RSConfigZPId-r11.

- pdsch-Sart-r11.

- qcl-C9-RS-ConfigNZPId-r11.

- zeroTxPower CS-RS2-r12 if the UE is configured with higher layer parameter eMIMO-Type for TDD serving
cell.

To decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 1A with CRC scrambled with C-RNTI
intended for the UE and the given serving cell and for PDSCH transmission on antenna port 7, a UE configured in
transmission mode 10 for a given serving cell shall use the parameter set 1 in table 7.1.9-1 for determining the PDSCH
RE mapping (defined in subclause 6.4 of [3]), and for determining PDSCH antenna port quasi co-location (defined in
subclause 7.1.10) if the UE is configured with Type B quasi co-location type (defined in subclause 7.1.10).

To decode PDSCH corresponding to detected PDCCH/EPDCCH with DCI format 1A with CRC scrambled with SPS
C-RNTI and PDSCH without a corresponding PDCCH/EPDCCH associated with SPS activation indicated in
PDCCH/EPDCCH with DCI format 1A, a UE configured in transmission mode 10 for a given serving cell shall use the
parameter set 1 in table 7.1.9-1 for determining the PDSCH RE mapping (defined in subclause 6.4 of [3]), and for
determining PDSCH antenna port quasi co-location (defined in subclause 7.1.10) if the UE is configured with Type B
quasi co-location type (defined in subclause 7.1.10).

To decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 1A intended for the UE on a given
serving cell and for PDSCH transmission on antenna port 0 — 3, a UE configured in transmission mode 10 for the given
serving cell shall determine the PDSCH RE mapping (as described in subclause 6.4 of [3]) using the lowest indexed
zero-power CSI-RS resource.

7.1.10 Antenna ports quasi co-location for PDSCH
A UE configured in transmission mode 8-10 for a serving cell may assume the antenna ports 7 — 14 of the serving cell

are quasi co-located (as defined in [3]) for a given subframe with respect to delay spread, Doppler spread, Doppler shift,
average gain, and average delay.
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A UE configured in transmission mode 1-9 for a serving cell may assume the antenna ports 0 — 3, 5, 7 — 30 of the
serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and
delay spread.

A UE configured in transmission mode 10 for a serving cell is configured with one of two quasi co-location types for
the serving cell by higher layer parameter qcl-Operation to decode PDSCH according to transmission scheme
associated with antenna ports 7-14:

- TypeA: The UE may assume the antenna ports 0 — 3, 7 — 30 of aserving cell are quasi co-located (as defined in
[3]) with respect to delay spread, Doppler spread, Doppler shift, and average delay.

- Type B: The UE may assume the antenna ports 15 — 30 corresponding to the CSI-RS resource configuration
identified by the higher layer parameter qcl-CS-RS-ConfigNZPId-r11 (defined in subclause 7.1.9) and the
antenna ports 7 — 14 associated with the PDSCH are quasi co-located (as defined in [3]) with respect to Doppler
shift, Doppler spread, average delay, and delay spread.

For aLAA Scell, the UE is not expected to be configured with quasi co-location type B.

7.1.11 PDSCH subframe assignment for BL/CE UE using MPDCCH

A BL/CE UE shall upon detection of aMPDCCH with DCI format 6-1A/6-1B/6-2 intended for the UE, decode the
corresponding PDSCH in subframe(s) n+k; withi = 0, 1, ..., N-1 according to the MPDCCH, where

- subframe n isthe last subframe in which the MPDCCH is transmitted and is determined from the starting
subframe of MPDCCH transmission and the DCI subframe repetition number field in the corresponding DCI;
and

- subframe(s) n+k; withi=0,1,...,N-1 are N consecutive BL/CE DL subframe(s) where, x=ko<k;<...ky.1 and the
valueof N e {nL nz,... nmax} is determined by the repetition number field in the corresponding DCI, where
nLn2,...n., aegivenin Table 7.1.11-1, Table 7.1.11-2 and Table 7.1.11-3, respectively and subframe n+x is
the second BL/CE subframe after subframe n.

If PDSCH carrying SystemlnformationBlockTypel-BR is transmitted in one narrowband in subframe n+k;, a BL/CE UE
shall assume any other PDSCH in the same narrowband in the subframe n+k; is dropped. If PDSCH carrying Sl
message is transmitted in one narrowband in subframe n+k;, a BL/CE UE shall assume any other PDSCH not carrying
Systeml nformationBlockTypel-BR in the same narrowband in the subframe n+k; is dropped.

For single antenna port (port 0), transmit diversity and closed-loop spatial multiplexing transmission schemes, if a
PDSCH is transmitted in subframe n+k; and subframe n+k; is configured as an MBSFN subframe, a BL/CE UE shall
assume that the PDSCH in subframe n+k; is dropped.

Table 7.1.11-1: PDSCH repetition levels (DCl Format 6-1A)

Higher layer parameter
‘pdsch- {n1,n2,n3,n4}
maxNumRepetitionCEmodeA’
Not configured {1,2,4,8}
16 {1,4,8,16}
32 {1,4,16,32}
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Table 7.1.11-2: PDSCH repetition levels (DCI Format 6-1B)

Higher layer parameter
‘pdsch-mngum%(ep%titionCEmodeB’ {nl,n2,...,n8}

Not configured {4,8,16,32,64,128,256,512}
192 {1,4,8,16,32,64,128,192}
256 {4,8,16,32,64,128,192,256}
384 {4,16,32,64,128,192,256,384}
512 {4,16,64,128,192,256,384,512}
768 {8,32,128,192,256,384,512,768}
1024 {4,8,16,64,128,256,512,1024}
1536 {4,16,64,256,512,768,1024,1536}
2048 {4,16,64,128,256,512,1024,2048}

Table 7.1.11-3: PDSCH repetition levels (DCI Format 6-2)

2-bit “DCI subframe repetition number”
field in DCI Format 6-2

{n1,n2,...,n8}

00 {1,2,4,8,16,32,64,128}

01 {4.,8,16,32,64,128,192,256}

10 {32,64,128,192,256,384,512,768}
11 {192,256,384,512,768,1024,1536,2048}

ETSI
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7.2 UE procedure for reporting Channel State Information (CSI)

If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both
primary PUCCH group and secondary PUCCH group unless stated otherwise

- When the procedures are applied for the primary PUCCH group, the terms ‘ secondary cell’, ‘ secondary cells,
‘serving cell’, and ‘serving cells' in this clause refer to secondary cell, secondary cells, serving cell or serving
cells belonging to the primary PUCCH group respectively unless stated otherwise.

- When the procedures are applied for secondary PUCCH group, the terms ‘ secondary cell’, ‘secondary cells’,
‘serving cell’ and ‘serving cells' in this clause refer to secondary cell, secondary cells (not including the
PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively unless stated
otherwise. Theterm ‘primary cell’ in this clause refers to the PUCCH-SCell of the secondary PUCCH group.

The time and frequency resources that can be used by the UE to report CSI which consists of Channel Quality Indicator
(CQI), precoding matrix indicator (PMI), precoding type indicator (PTI), CSI-RS resource indicator (CRI), and/or rank
indication (RI) are controlled by the eNB. For spatial multiplexing, as givenin [3], the UE shall determine aRI
corresponding to the number of useful transmission layers. For transmit diversity as givenin [3], Rl isequal to one.

A non-BL/CE UE in transmission mode 8 or 9 is configured with or without PMI/RI reporting by the higher layer
parameter pmi-RI-Report.

A UE in transmission mode 10 can be configured with one or more CSI processes per serving cell by higher layers.
For a UE in transmission mode 10,

- If aUEisnot configured with higher layer parameter eMIMO-Type, each CSl process is associated with a CSl-
RS resource (defined in subclause 7.2.5) and a CSl-interference measurement (CSl-IM) resource (defined in
subclause 7.2.6). A UE can be configured with up to two CSI-IM resources for a CSI processif the UE is
configured with CSI subframe sets Ccg o and Ccg 1 by the higher layer parameter csi-

SubFramePatternConfig-r12 for the CSI process.

- If the UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Typeisset to‘CLASS A’, each
CSl processis associated with a CSI-RS resource (defined in subclause 7.2.5) and a CSl-interference
measurement (CSI-1M) resource (defined in subclause 7.2.6). A UE can be configured with up to two CSI-IM
resources for aCSl processif the UE is configured with CSI subframe sets Ccg g and Ccg 1 by the higher

layer parameter csi-SubFramePatternConfig-ri2 for the CSl process.

- If the UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS B’, each
CSl processis associated with one or more CSI-RS resource (defined in subclause 7.2.5) and one or more CSl-
interference measurement (CSI-IM) resource (defined in subclause 7.2.6). Each CSI-RS resource is associated
with a CSI-IM resource by higher layers. For a CS| process with one CSI-RS resource, a UE can be configured
with CSI-IM resource for each CSI subframe setsif the UE is configured with CS| subframe sets Ccg o and

Ccg1 by the higher layer parameter csi-SubFramePatternConfig-r12 for the CSl process.

For a UE in transmission mode 10, a CSl reported by the UE corresponds to a CSI process configured by higher layers.
Each CSl process can be configured with or without PMI/RI reporting by higher layer signalling.

For UE in transmission mode 9 and the UE configured with higher layer parameter eMIMO-Type, theterm ‘CSl
process’ in this subclause refersto the CSI configured for the UE.

For a UE in transmission mode 9, and if the UE is configured with higher layer parameter eMIMO-Type, and,

- eMIMO-Typeissetto ‘CLASS A’, each CSl processis associated with a CSI-RS resource (defined in subclause
7.2.5).

- eMIMO-Typeissetto ‘CLASSB’, each CSI processis associated with one or more CSI-RS resource (defined in
subclause 7.2.5).

For a CSl process, and if a UE is configured in transmission mode 9 or 10, and UE is not configured with higher layer
parameter pmi-RI-Report, and UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to

‘CLASSB’, and the number of CSI-RS antenna portsin at least one of the one or more configured CSI-RS resourceis
more than one, the UE is considered to be configured without PMI reporting.
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A UE is configured with resource-restricted CSI measurementsiif the subframe sets Ccg o and Ccg 1 are configured
by higher layers.

For a serving cell with frame structure type 1, a UE is not expected to be configured with csi-SubframePatternConfig-
ri2.

CSl reporting is periodic or aperiodic.

A BL/CE UE configured with CEModeB is not expected to be configured with either aperiodic CSl or periodic CSI
reporting.

If the UE is configured with more than one serving cell, it transmits CSl for activated serving cell(s) only.

If aUE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on
PUCCH as defined hereafter in subframes with no PUSCH allocation.

If aUE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on
PUSCH of the serving cell with smallest ServCelllndex as defined hereafter in subframes with a PUSCH allocation,
where the UE shall use the same PUCCH-based periodic CSI reporting format on PUSCH.

A UE shall transmit aperiodic CSl reporting on PUSCH if the conditions specified hereafter are met. For aperiodic
CQI/PMI reporting, RI reporting is transmitted only if the configured CSI feedback type supports RI reporting.

Table 7.2-1: Void

In case both periodic and aperiodic CSI reporting would occur in the same subframe, the UE shall only transmit the
aperiodic CSI report in that subframe.

If the higher layer parameter altCQI-Table-r12 is configured and is set to allSubframes-r12,
- the UE shall report CQI according to Table 7.2.3-2.

Else if the higher layer parameter altCQI-Table-r12 is configured and is set to csi-SubframeSet1-r12 or csi-
SubframeSet2-r12,

- the UE shall report CQI according to Table 7.2.3-2 for the corresponding CSl subframe set configured by
altCQI-Table-r12

- the UE shall report CQI for the other CSI subframe set according to Table 7.2.3-1.
Else
- the UE shall report CQI according to Table 7.2.3-1.

For anon-BL/CE UE, when reporting RI the UE reports a single instance of the number of useful transmission layers.
For each RI reporting interval when the UE is configured in transmission modes 4 or when the UE is configured in
transmission mode 8, 9 or 10 with PMI/RI reporting, a UE shall determine aRI from the supported set of RI values as
defined in subclause 5.2.2.6 of [4] and report the number in each RI report. For each RI reporting interval when the UE
is configured in transmission mode 3, a UE shall determine RI as defined in subclause 5.2.2.6 of [4] in each reporting
interval and report the detected number in each RI report to support selection between transmit diversity and large delay
CDD.

For a UE configured in transmission mode 9 or 10, when reporting CRI the UE reports a single instance of a selected
CSI-RS resource. For each CRI reporting interval when a UE is configured with higher layer parameter eMIMO-Type,
and eMIMO-Typeissetto ‘CLASS B’, and the number of configured CSI-RS resources is more than one for a CSl
process, the UE shall determine a CRI from the supported set of CRI values as defined in subclause 5.2.2.6 of [4] and
report the number in each CRI report, where CRI value O corresponds to the configured csi-RS-ConfigNZPId, first entry
of csi-IM-ConfigldLigt, first entry of p-C-AndCBSR-PerResourceConfigList, and

alter nativeCodebookEnabledFor4TXProc, and CRI value k (k>0) corresponds to the configured k-th entry of csi-RS
ConfigNZPIdListExt, (k+1)-th entry of csi-IM-ConfigldList, (k+1)-th entry of p-C-AndCBSR-PerResourceConfigList,
and k-th entry of ace-For4Tx-PerResourceConfigList.
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For anon-BL/CE UE, when reporting PMI the UE reports either asingle or a multiple PMI report.  The number of RBs
represented by a single UE PMI report can be N% or asmaller subset of RBs. The number of RBs represented by a

single PMI report is semi-statically configured by higher layer signalling. A UE isrestricted to report PMI, RI and PTI
within a precoder codebook subset specified by one or more bitmap parameter(s) codebookSubsetRestriction,
codebookSubsetRestriction-1, codebookSubsetRestriction-2, codebookSubsetRestriction-3 configured by higher layer
signalling.

For a UE configured in transmission mode 10 and the UE not configured with higher layer parameter eMIMO-Type for
aCSl process, or for a UE configured in transmission mode 9 or 10 and the UE configured with higher layer parameter
eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’, and one CSI-RS resource configured and except with higher layer
parameter alter nativeCodebookEnabledCLASSB_K1=TRUE configured and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured for a CSl process, the bitmap parameter
codebookSubsetRestriction is configured for each CSI process and each subframe sets (if subframe sets Ceg ¢ and

Ccg1 areconfigured by higher layers) by higher layer signaling.

For a UE configured in transmission mode 9 or 10, and for a CS| process and UE configured with higher layer
parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS A’, the bitmap parameters codebookSubsetRestriction-1,
codebookSubsetRestriction-2 is configured for the CS| process and each subframe sets (if subframe sets Ccg o and

Ccg1 areconfigured by higher layers) by higher layer signaling.

For a UE configured in transmission mode 9 or 10, and for a CS| process and UE configured with higher layer
parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS B’, and one CSI-RS resource configured, and higher layer
parameter alternativeCodebookEnabledCLASSB _K1=TRUE, the bitmap parameter codebookSubsetRestriction-3 is
configured for the CSI process and each subframe sets (if subframe sets Ccg g and Ccg 1 are configured by higher

layers) by higher layer signaling.
For a UE configured in transmission mode 9 or 10, and for a CS| process and UE configured with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’, and more than one CSI-RS resource configured, the

bitmap parameter codebookSubsetRestriction is configured for each CSI-RS resource of the CS| process and each
subframe sets (if subframe sets Ccg o and Ccg 1 are configured by higher layers) by higher layer signaling.

For a specific precoder codebook and associated transmission mode, the bitmap can specify all possible precoder
codebook subsets from which the UE can assume the eNB may be using when the UE is configured in the relevant
transmission mode. Codebook subset restriction is supported for transmission modes 3, 4, 5, 6 and for transmission
modes 8, 9 and 10 with PMI/RI reporting, and transmission mode 9 and 10 without PMI reporting. The resulting
number of bits for each transmission mode are given in Table 7.2-1b, Table 7.2-1d, Table 7.2-1e, and Table 7.2-1f. The
bitmap parameter codebookSubsetRestriction, codebookSubsetRestriction-1 or codebookSubsetRestriction-3 forms the

bit sequence @, _;,...,85,8,,8;, 3y Where &, istheLSB and a, _; isthe MSB and where a bit value of zero

indicates that the PMI and RI reporting is not allowed to correspond to precoder(s) associated with the bit. The bitmap
parameter codebookSubsetRestriction-2 forms the bit sequence bg _;,...,b;,b,, b,y where by, istheLSB and bg _,is

the MSB and where a bit value of zero indicates that the PMI and RI reporting is not allowed to correspond to
precoder(s) associated with the bit. The association of bits to precoders for the relevant transmission modes are given as
follows:

1. Transmission mode 3

a 2antennaports: bit a,,,v = 2 is associated with the precoder in Table 6.3.4.2.3-1 of [3]

correspondingto v layers and codebook index O while bit &, is associated with the precoder for 2
antenna ports in subclause 6.3.4.3 of [3].

b. 4 antennaports: bit &, ;, U= 2,3,4isassociated with the precodersin Table 6.3.4.2.3-2 of [3]

correspondingto v layers and codebook indices 12, 13, 14, and 15 while bit &, is associated with
the precoder for 4 antenna ports in subclause 6.3.4.3 of [3].

2. Transmission mode 4

a2 antennaports: see Table 7.2-1c
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b.

4 antenna ports: bit a6,y iSassociated with the precoder for v layers and with codebook index

I.in Table 6.3.4.2.3-2 of [3].

3. Transmission modes5 and 6

a

2 antenna ports: bit a is associated with the precoder for v =1 layer with codebook index iC in
Table 6.3.4.2.3-1 of [3].

4 antenna ports: bit a is associated with the precoder for v =1 layer with codebook index iC in
Table6.3.4.2.3-2 of [3].

4, Transmission mode 8

2 antenna ports: see Table 7.2-1c

4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit
y6(p-1)+i, |Sassociated with the precoder for v layers and with codebook index I.in Table

6.3.4.2.3-20f [3], v=12.
4 antenna ports with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit @,,),; Is

associated with the precoder for v layers (ve{1,2) and codebook index i, and bit Ao 16(0-1)4i, 1S

associated with the precoder for v layers (ve{1,2) and codebook index i, . Codebook indices i,
and i2 aregivenin Table 7.2.4-0A or 7.2.4-0B, for v=1 or 2 respectively.

5. Transmission modes 9 and 10

a

2 antenna ports except when a UE configured with higher layer parameter eMIMO-Type, and eMIMO-
Typeissetto ‘CLASSB’, and one CSI-RS resource configured, and higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE for a CSl process: see Table 7.2-1c

4 antenna ports except with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured or for a CSI
process the UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to
‘CLASSB’, and one CSI-RS resource configured, and higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE: bit a5(,_1)4i, iSassociated with the precoder for

v layersand with codebook index i.in Table 6.3.4.2.3-2 of [3].
4 antenna ports with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured except when a UE

configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’, and one
CSI-RS resource configured, and higher layer parameter

alternativeCodebookEnabledCLASSB_K1=TRUE for aCSl process: bit a4, ), isassociated with
the precoder for v layers (ve {12 ) and codebook index i, and bit A3,16(v-1)+i, IS @SSOCiated with
the precoder for v layers (ve{1234 ) and codebook index i, . Codebook indices i, and i, are

givenin Table 7.2.4-0A, 7.24-0B,7.24-0Cor 7.2.4-0D, for v=1,2,30r4 respectively.

8 antenna ports except when a UE configured with higher layer parameter eMIMO-Type, and eMIMO-
Typeissetto ‘CLASS A’, or for when a UE configured with higher layer parameter eMIMO-Type,
and eMIMO-Typeisset to ‘CLASS B’, and one CSI-RS resource configured, and higher layer

parameter alternativeCodebookEnabledCLASSB_K1=TRUE for a CSl process: bit &y, _y).; is
associated with the precoder for v layers (ve{1,23456,7,8) and codebook index i,

where f1(-) ={016,32,36,40,44,4852 } and bit 8g3, g1, 1., iSassociated with the precoder for v
layers (ve {1,234} ) and codebook index i, where gl(-) ={0,16,32,48 }. Codebook indices i, and

I, aregiveninTable7.2.4-1,7.2.4-2, 7.2.4-3,7.2.4-4,7.2.4-5,7.2.4-6, 7.2.4-7, or 7.2.4-8, for
v=1,2,34,5,6,7, or 8 respectively.
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e. 8,12, and 16 antenna ports and for a CSl process the UE is configured with higher layer parameter
eMIMO-Type, and eMIMO-Typeissetto ‘CLASSA’: bit ay,o,1,.m isassociated with the precoder
based on the quantity v, ,,1=01,..,N,0, -1, m=01...,N,0, -1 and bit aN,0,N,0,+v-1 is associated
with the precoder for v layers (ve{1234,56,7,8). The quantity v, ., isdefined in subclause 7.2.4.
Bit by(,_1).i, isassociated with the precoder for v layers (ve{1,234}) and codebook index I,

where g(-) isgivenin Table 7.2-1g. Codebook index i2 isgivenin Table 7.2.4-10, 7.2.4-11, 7.2.4-
12,7.2.4-13,7.2.4-14, 7.2.4-15, 7.2.4-16, or 7.2.4-17, for v=1,2,3,4,5,6,7, or 8 respectively.

f. 2,4, or 8 antenna ports and for a CSI process the UE is configured with higher layer parameter
eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’, and one CSI-RS resource configured, and

higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE: bit &, _y),;_is

associated with the precoder for v layers and codebook index i where ve{1,2 and f()={04}
for 2 antenna ports, ve{1,234 and f()={0816,20} for 4 antennaports, and ve{123456,7.8
and f()={016,32,4856,57,58,59} for 8 antenna ports. Codebook index i. isgivenin Table 7.2.4-18,
7.2.4-19, or 7.2.4-20, for 2, 4, or 8 antenna ports respectively.

For aBL/CE UE, when reporting PMI the UE reports asingle PMI report. A UE isrestricted to report PMI within a
precoder codebook subset specified by a bitmap parameter codebookSubsetRestriction configured by higher layer
signalling. For a specific precoder codebook and associated transmission mode, the bitmap can specify all possible
precoder codebook subsets from which the UE can assume the eNB may be using when the UE is configured in the
relevant transmission mode. Codebook subset restriction is supported for transmission modes 6 and 9. The resulting
number of bits for each transmission mode is given in Table 7.2-1b. The bitmap forms the bit sequence

Ap 11+ 85,8,,8,8, Where @, istheLSBand a, ; istheMSB and where a bit value of zero indicates that the

PMI reporting is not allowed to correspond to precoder(s) associated with the bit. The association of bits to precoders
for the relevant transmission modes are given as follows:

- Transmission mode 6

- 2 antennaports: bit a is associated with the precoder for v =1 layer with codebook index iC in Table
6.3.4.2.3-1 of [3].

- 4 antennaports: bit a isassociated with the precoder for v =1 layer with codebook index ic inTable
6.3.4.2.3-2 of [3].

- Transmission mode 9

- 2 antennaports: bit a is associated with the precoder for v =1 layer with codebook index iC in Table
6.3.4.2.3-1 of [3].

- 4antennaports: bit @ isassociated with the precoder for v =1 layer and with codebook index icinTable
6.3.4.2.3-2 of [3].
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Table 7.2-1b: Number of bits in codebook subset restriction codebookSubsetRestriction bitmap for
applicable transmission modes

Number of bits A,
2 antenna 4 antenna ports 8 antenna
ports ports
Transmission mode 3 2 4
Transmission mode 4 6 64
Transmission mode 5 4 16
Transmission mode 6 4 16
64 with
Transmission mode 8 6 alternativeCodeBookEnabledFor4TX-
r12=TRUE configured, otherwise 32
L 96 with
;:%nir)n ission modes 9 6 aIternativeCodeBookEnabIedF9r4TX- 109
r12=TRUE configured, otherwise 64

Table 7.2-1c: Association of bits in codebookSubSetRestriction bitmap to precoders in the 2 antenna
port codebook of Table 6.3.4.2.3-1in [3]

Codebook index iC Number of layers v
1 2
0 aop -
1 ar ay
2 ap as
3 as -

Table 7.2-1d: Number of bits in codebook subset restriction codebookSubsetRestrictionl bitmap for
applicable transmission modes

Number of bits A,

Transmission modes 9
and 10 N,O;N,0, +8

Table 7.2-1e: Number of bits in codebook subset restriction codebookSubsetRestriction2 bitmap for
applicable transmission modes

Value of codebookConfig Number of bits At
1 12
Transmission modes 9 2 56
and 10 3 56
4 56

Table 7.2-1f: Number of bits in codebook subset restriction codebookSubsetRestriction3 bitmap for
applicable transmission modes

Number of bits A,

aantenie 4 antenna ports 8 antenna ports
ports
Transmission modes 9
and 10 6 22 60
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Table 7.2-1g: g(-) for a CSl process with eMIMO-Type set to ‘CLASS A’

Value of codebookConfig a()
1 {04810}
2 {016,32,48}
3 {016,32,48}
4 {016,32,48}

For anon-BL/CE UE, the set of subbands (S) a UE shall evaluate for CQI reporting spans the entire downlink system
bandwidth. A subband is a set of k contiguous PRBs where k is afunction of system bandwidth. Note the last

subband in set Smay have fewer than k contiguous PRBs depending on N% . The number of subbands for system

bandwidth given by N5 is defined by N = (N Re /k-‘ . The subbands shall be indexed in the order of increasing
frequency and non-increasing sizes starting at the lowest frequency.

- For transmission modes 1, 2, 3 and 5, as well as transmission modes 8, 9 and 10 without PMI/RI reporting,
transmission mode 4 with RI=1, transmission modes 8, 9 and 10 with PMI/RI reporting and RI=1, and
transmission modes 9 and 10 without PMI reporting and RI=1, a single 4-bit wideband CQI is reported.

- For transmission modes 3 and 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, and
transmission modes 9 and 10 without PMI reporting, CQI is calculated assuming transmission of one codeword
for RI=1 and two codewords for Rl > 1.

- For RI > 1 with transmission mode 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, and
transmission modes 9 and 10 without PMI reporting, PUSCH based triggered reporting includes reporting a
wideband CQI which comprises:

- A 4-hit wideband CQI for codeword O
- A 4-hit wideband CQI for codeword 1

- For RI > 1 with transmission mode 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, and
transmission modes 9 and 10 without PMI reporting, PUCCH based reporting includes reporting a 4-bit
wideband CQI for codeword 0 and a wideband spatial differential CQI. The wideband spatial differential CQI
value comprises:

- A 3-hit wideband spatial differential CQI value for codeword 1 offset level
- Codeword 1 offset level = wideband CQI index for codeword 0 — wideband CQI index for codeword 1.

- The mapping from the 3-bit wideband spatial differential CQI value to the offset level is shownin Table 7.2-
2.

Table 7.2-2 Mapping spatial differential CQI value to offset level

Spatial differential CQI value | Offset level
0

1

2

>3

<-4

-3

-2

-1

N[OOI~ |W|IN|F|O

7.2.1  Aperiodic CSI Reporting using PUSCH

Theterm “UL/DL configuration” in this subclause refers to the higher layer parameter subframeAssignment unless
specified otherwise.
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A non-BL/CE UE shall perform aperiodic CSl reporting using the PUSCH in subframe n+k on serving cell ¢, upon
decoding in subframe n either:

- anuplink DCI format [4], or

- aRandom Access Response Grant,
for serving cell ¢ if the respective CSI request field is set to trigger areport and is not reserved.
A BL/CE UE shall perform aperiodic CSI reporting using the PUSCH upon decoding either:

- anuplink DCI format [4], or

- aRandom Access Response Grant,

for serving cell ¢ if the respective CSI request field is set to trigger areport and is not reserved. The subframe(s) in
which the PUSCH carrying the corresponding aperiodic CSl reporting triggered by an UL DCI format is transmitted is
determined according to subclause 8.0.

If the CSI request field is 1 bit and the UE is configured in transmission mode 1-9 and the UE is not configured with
csi-SubframePatternConfig-ri2 for any serving cell, areport istriggered for serving cell ¢, if the CSl request field is
setto'l.

If the CSI request field is 1 bit and the UE is configured in transmission mode 10 and the UE is not configured with csi-
SubframePatternConfig-r12 for any serving cell, areport istriggered for a set of CS| process(es) for serving cell ¢
corresponding to the higher layer configured set of CSI process(es) associated with the value of CSI request field of '01'
in Table 7.2.1-1B, if the CSl request field isset to '1".

If the CSI request field sizeis 2 bits and the UE is configured in transmission mode 1-9 for all serving cells and the UE
is not configured with csi-SubframePatternConfig-r12 for any serving cell, areport is triggered according to the value
in Table 7.2.1-1A corresponding to aperiodic CSl reporting.

If the CSI request field sizeis 2 bits and the UE is configured in transmission mode 10 for at |east one serving cell and
the UE is not configured with csi-SubframePatternConfig-r12 for any serving cell, areport is triggered according to the
valuein Table 7.2.1-1B corresponding to aperiodic CSI reporting.

If the CSI request field is 1 bit and the UE is configured with the higher layer parameter csi-SubframePatternConfig-r12
for at least one serving cell, areport istriggered for a set of CSl process(es) and/or { CS| process, CSI subframe set} -
pair(s) for serving cell ¢ corresponding to the higher layer configured set of CSI process(es) and/or { CSI process, CSI
subframe set} -pair(s) associated with the value of CSl request field of '01' in Table 7.2.1-1C, if the CSI request field is
setto 'l

If the CSI request field sizeis 2 bits and the UE is configured with the higher layer parameter csi-
SubframePatternConfig-r12 for at least one serving cell, areport istriggered according to the value in Table 7.2.1-1C
corresponding to aperiodic CSI reporting.

If the CSI request field sizeis 3 bits and the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12 for any serving cell, areport is triggered according to the value in Table 7.2.1-1D
corresponding to aperiodic CSI reporting.

If the CSI request field size is 3 bits and the UE is configured with the higher layer parameter csi-
SubframePatternConfig-r12 for at least one serving cell, areport is triggered according to the value in Table 7.2.1-1E
corresponding to aperiodic CSI reporting.

For agiven serving cell, if the UE is configured in transmission modes 1-9, the "CSl process' in Table 7.2.1-1B, Table
7.2.1-1C, Table 7.2.1-1D, and Table 7.2.1-1E refers to the aperiodic CS| configured for the UE on the given serving
cell. A UE is not expected to be configured by higher layers with more than 5 CSI processes in each of the 1% and 2™
set of CSl process(es) in Table 7.2.1-1B. A UE is not expected to be configured by higher layers with more than 5 CSl
processes and/or { CSI process, CS| subframe set} -pair(s) in each of the 1% and 2™ set of CSI process(es) and/or { CSI
process, CSl subframe set}-pair(s) in Table 7.2.1-1C. A UE is not expected to be configured by higher layers with more
than one instance of the same CSI processin each of the higher layer configured sets associated with the value of CS
request field of '01,'10', and '11' inTable7.2.1-1B and Table 7.2.1-1C respectively. A UE is not expected to be
configured by higher layers with more than 32 CSI processes in each of the 1% to 6" set of CS| process(es) in Table
7.2.1-1D. A UE is not expected to be configured by higher layers with more than 32 CSI processes and/or { CSl process,
CSl subframe set} -pair(s) in each of the 1% to 6™ set of CSI process(es) and/or { CSI process, CS| subframe set} -pair(s)
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in Table 7.2.1-1E. A UE is not expected to be configured by higher layers with more than one instance of the same CSl
process in each of the higher layer configured sets associated with the value of CSl request field of '001', ‘010", '011',
'100', '101','110"'and '111' in Table 7.2.1-1D and Table 7.2.1-1E respectively.

A UE is not expected to receive more than one aperiodic CSI report request for a given subframe.

If aUE is configured with more than one CS| process for a serving cell, the UE on reception of an aperiodic CSI report
request triggering a CSl report according to Table 7.2.1-1B is not expected to update CSl corresponding to the CSI

reference resource (defined in subclause 7.2.3) for al CSI processes except the max(NX -N,, 0) lowest-indexed

CSl processes for the serving cell associated with the request when the UE has Nu unreported CSI processes

associated with other aperiodic CSI requests for the serving cell, where a CSl process associated with a CSl request
shall only be counted as unreported in a subframe before the subframe where the PUSCH carrying the corresponding

CSl istransmitted, and Nq_p isthe maximum number of CSI processes supported by the UE for the serving cell and:

- for FDD servingcell N, = Neg p;
- for TDD serving cell

- if the UE is configured with four CS| processes for the serving cell , NX = NCSI _p
- if the UE is configured with two or three CS| processes for the serving cell, N, =3.

If more than onevalueof N.q_p isincluded inthe UE-EUTRA-Capability, the UE assumesavalueof N.g_p that

is consistent with its CSI process configuration. If more than one consistent value of Nq_p exists, the UE may
assume any one of the consistent values.

If aUE is configured with multiple cell groups, and if the UE receives multiple aperiodic CS| report requestsin a
subframe for different cell groups triggering more than one CSI report, the UE is not required to update CSl for more
than 5 CSI processes from the CSl processes corresponding to all the triggered CSI reports.

If aUE is configured with a PUCCH-SCell, and if the UE receives multiple aperiodic CSI report requests in a subframe
for both the primary PUCCH group and the secondary PUCCH group triggering more than one CSl report, the UE is
not required to update CSI for more than 5 CSI processes from the CS| processes corresponding to al the triggered CSl
reports, in case the total number of serving cellsin the primary and secondary PUCCH group is ho more than 5. If aUE
is configured with more than 5 serving cells, and if the UE receives aperiodic CSI report request in a subframe

triggering morethan N y CSl reports, the UE is not required to update CSI for more than Ny CSl processes from the

CSl processes corresponding to all the triggered CSI reports, where the valueof N y isgiven by
maxNumber UpdatedCS -Proc-r13.

Table 7.2.1-1A: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Value of CSl request field Description
'00' No aperiodic CSlI report is triggered
'01' Aperiodic CSI report is triggered for serving cell C
'10' Aperiodic CSl report is triggered for a 1% set of serving cells configured by higher layers
'11' Aperiodic CSlI report is triggered for a 2™ set of serving cells configured by higher layers
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Table 7.2.1-1B: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Value Offi((:elso: request Description
‘00’ No aperiodic CSlI report is triggered
01’ Aperiodic CSl report is triggered for a set of CSI process(es) configured by higher layers for
serving cell C
'10' Aperiodic CSl report is triggered for a 1% set of CSI process(es) configured by higher layers
'11' Aperiodic CSI report is triggered for a 2™ set of CSI process(es) configured by higher layers

Table 7.2.1-1C: CSI Request field for PDCCH/EPDCCH/MPDCCH with uplink DCI format in UE specific

search space

pedeeal Description
request field
‘00’ No aperiodic CSlI report is triggered
01’ Aperiodic CSl report is triggered for a set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers for serving cell €
10 Aperiodic CSI report is triggered for a 1% set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
11" Aperiodic CSI report is triggered for a 2™ set of CSI process(es) and/or {CSI process, CSI subframe

set}-pair(s) configured by higher layers

Table 7.2.1-1D: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space

Vel el Cc Description

request field
‘000 No aperiodic CSlI report is triggered
001" Alleeriodic CSl report is triggered for a set of CSI process(es) configured by higher layers for serving

cell C

‘010 Aperiodic CSI report is triggered for a 1% set of CSI process(es) configured by higher layers
‘011 Aperiodic CSI report is triggered for a 2™ set of CSI process(es) configured by higher layers
'100' Aperiodic CSl report is triggered for a 3" set of CSI process(es) configured by higher layers
'101' Aperiodic CSI report is triggered for a 4" set of CSI process(es) configured by higher layers
'110' Aperiodic CSI report is triggered for a 5" set of CSI process(es) configured by higher layers
'111' Aperiodic CSI report is triggered for a 6 set of CSI process(es) configured by higher layers

Table 7.2.1-1E: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Ve @)f Gl Description
request field
'000' No aperiodic CSl report is triggered
001" Aperiodic CSl report is triggered for a set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers for serving cell €
010’ Aperiodic CSl report is triggered for a 15 set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
011" Aperiodic CSI report is triggered for a 2™ set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
100" Aperiodic CSI report is triggered for a 3" set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
101" Aperiodic CSI report is triggered for a 4™ set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
110’ Aperiodic CSI report is triggered for a 5™ set of CS| process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
111" Aperiodic CSI report is triggered for a 6™ set of CSI process(es) and/or {CSI process, CSI subframe

set}-pair(s) configured by higher layers
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NOTE: PDCCH/EPDCCH/MPDCCH with DCI formats used to grant PUSCH transmissions as given by DCI
format 0, DCI format 4 and DCI format 6-0A are herein referred to as uplink DCI format when common

behaviour is addressed.

For anon-BL/CE UE, when the CSI request field from an uplink DCI format is set to trigger areport, for FDD k=4, and
for TDD UL/DL configuration 1-6, kis given in Table 8-2. For TDD UL/DL configuration 0, if the MSB of the UL
index issetto 1 and LSB of the UL index isset to 0, kisgivenin Table 8-2; or if MSB of the UL index is set to 0 and
LSB of the UL index issetto 1, kisequal to 7; or if both MSB and LSB of the UL index issetto 1, kisgivenin Table
8-2.

For TDD, if aUE is configured with more than one serving cell and if the UL/DL configurations of at least two serving
cells are different, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one
serving cell, or for FDD-TDD and serving cell frame structure type 2, the "TDD UL/DL Configuration” givenin Table
8-2 refersto the UL -reference UL/DL configuration (defined in subclause 8.0).

For anon-BL/CE UE, when the CSI request field from a Random Access Response Grant is set to trigger areport and is
not reserved, k isequal to K, if the UL delay field in subclause 6.2 is set to zero, where K, isgivenin subclause 6.1.1.
The UE shall postpone aperiodic CSI reporting to the next available UL subframeif the UL delay field isset to 1.

For aBL/CE UE, when the CSI request field from a Random Access Response Grant is set to trigger areport and is not
reserved, the subframe(s) in which the corresponding aperiodic CSl reporting is transmitted is determined according to
subclause 6.1.1.

The minimum reporting interval for aperiodic reporting of CQI and PMI and RI and CRI is 1 subframe. The subband
size for CQI shall be the same for transmitter-receiver configurations with and without precoding.

If aUE is not configured for simultaneous PUSCH and PUCCH transmission, when aperiodic CSI report with no
transport block associated as defined in subclause 8.6.2 and positive SR is transmitted in the same subframe, the UE
shall transmit SR, and, if applicable, HARQ-ACK, on PUCCH resources as described in subclause 10.1

A UE is semi-statically configured by higher layers to feed back CQI and PMI and corresponding Rl and CRI on the
same PUSCH using one of the following CSI reporting modes given in Table 7.2.1-1 and described below. For a BL/CE
UE the UE shall not transmit the RI for any CSI reporting mode in Table 7.2.1-1.

Table 7.2.1-1: CQIl and PMI Feedback Types for PUSCH CSI reporting Modes

PMI Feedback Type
No PMI | Single PMI | Multiple PMI
(Wi\évégzgzng@) Mode 1-0 | Mode 1-1 | Mode 1-2
Feedback Tope | (subband cQ | Mode 20 Mode 2-2
Highﬁgjgg:;j%néilgured Mode 3-0 | Mode 3-1 Mode 3-2

For non-BL/CE UE and for each of the transmission modes defined in subclause 7.1, the following reporting modes are
supported on PUSCH:

Transmission mode 1
Transmission mode 2
Transmission mode 3
Transmission mode 4
Transmission mode 5

: Modes 2-0, 3-0, 1-0
: Modes 2-0, 3-0, 1-0
: Modes 2-0, 3-0, 1-0

:Modes1-2, 2-2, 3-1, 3-2,1-1

:Mode 3-1, 1-1

:Modes 1-2, 2-2, 3-1, 3-2, 1-1

: Modes 2-0, 3-0, 1-0

: Modes 1-2, 2-2, 3-1, 3-2, 1-1if the UE is configured with PMI/RI reporting; modes 2-0,
3-0, 1-0if the UE is configured without PMI/RI reporting

:Modes 1-2, 2-2, 3-1, 3-2, 1-1if the UE is configured with PMI/RI reporting and number
of CSI-RS ports > 1; modes 2-0, 3-0, 1-0 if the UE is configured without PMI/RI reporting
or without PMI reporting or number of CSI-RS ports=1 or the number of CSI-RS portsin
each of one or more CSI-RS resourcesin a CSl process is one when eMIMO-Typeis set to
‘CLASSB'.

Transmission mode 6
Transmission mode 7
Transmission mode 8

Transmission mode 9
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Transmission mode 10 : Modes 1-2, 2-2, 3-1, 3-2, 1-1 if the UE is configured with PMI/RI reporting and number
of CSI-RS ports > 1; modes 2-0, 3-0, 1-0 if the UE is configured without PMI/RI reporting
or without PMI reporting or number of CSI-RS ports=1 or the number of CSI-RS portsin
each of one or more CSI-RS resourcesin a CSl process is one when eMIMO-Typeis set to
‘CLASSB'.

For a BL/CE UE configured with CEModeA, the following reporting modes are supported on PUSCH:

Transmission mode 1l : Mode2-0
Transmission mode 2 : Mode 2-0
Transmisson mode 6 : Mode 2-0
Transmisson mode 9 : Mode 2-0

For Transmission mode 6 and a BL/CE UE configured with a C-RNTI, the BL/CE UE reports CQI for the closed-loop
with spatial multiplexing PDSCH transmission scheme.

The aperiodic CSI reporting mode is given by the parameter cgi-ReportModeAperiodic which is configured by higher-
layer signalling.

For aserving cell with N FE’; <7, PUSCH reporting modes are not supported for that serving cell.

For a non-BL/CE UE, RI isonly reported for transmission modes 3 and 4, as well as transmission modes 8, 9 and 10
with PMI/RI reporting, and transmission modes 9 and 10 without PMI reporting.
For aBL/CE UE, RI is not reported.

For serving cell ¢, aUE configured in transmission mode 10 with PMI/RI reporting or without PM1 reporting for a CSI
process can be configured with a'RI-reference CSl process for the CSI process. If the UE is configured with a'RI-
reference CSl process for the CSI process, the reported RI for the CSI process shall be the same as the reported RI for
the configured 'RI-reference CSl process. The RI for the 'RI-reference CSl process' is nhot based on any other
configured CSl process other than the 'RI-reference CSl process. The UE is not expected to receive an aperiodic CSI
report request for a given subframe triggering a CSl report including CSI associated with the CSI process and not
including CSI associated with the configured 'RI-reference CSl process. If the UE is configured with a'RI-reference

CSl process for aCSl process and if subframe sets Ccg) o and Ceg) 1 are configured by higher layers for only one of

the CSl processes then the UE is not expected to receive configuration for the CSI process configured with the subframe
subsets that have a different set of restricted RIs with precoder codebook subset restriction between the two subframe
sets. The UE is not expected to receive configurations for the CS| process and the 'Rl-reference CSI process' that have a
different:

- Aperiodic CSl reporting mode, and/or
- number of CSI-RS antenna ports, and/or

- set of restricted RIs with precoder codebook subset restriction if subframe sets Ceg g and Ceg g arenot
configured by higher layers for both CSI processes, and/or

- set of restricted RIs with precoder codebook subset restriction for each subframe set if subframe sets Ccg o
and Ccg 1 areconfigured by higher layers for both CSI processes, and/or

- set of restricted RIs with precoder codebook subset restriction if subframe sets Ceg o and Ceg 1 are
configured by higher layersfor only one of the CS| processes, and the set of restricted RIs for the two subframe
sets are the same, and/or

- number of CSI-RS antenna ports for any two CSI-RS resources for the two CSI processes, if a UE is configured
with higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS B’, and the number of configured
CSI-RS resources is more than one for at least one of the two CSI processes, and/or

- set of restricted RIs with precoder codebook subset restriction for any two CSI-RS resources for the two CSl
processes, if a UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS
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B’, and the number of configured CSI-RS resources is more than one for at least one of the two CSI processes
and if subframe sets Ccg o and Ccg 1 arenot configured by higher layers for both CSI processes, and/or

- set of restricted RIs with precoder codebook subset restriction for each subframe set and for any two CSI-RS
resources for the two CS| processes, if a UE is configured with higher layer parameter eMIMO-Type, and
eMIMO-Typeisset to ‘CLASS B’, and the number of configured CSI-RS resources is more than one for at least
one of the two CSI processes and if subframe sets Ccg o and Ccg ;1 are configured by higher layers for both

CSl processes, and/or

- set of restricted RIs with precoder codebook subset restriction for any two CSI-RS resources for the two CS
processes, if a UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS
B’, and the number of configured CSI-RS resources is more than one for at least one of the two CSI processes
and if subframe sets Ccg o and Ccg 1 are configured by higher layers for only one of the CSI processes, and

the set of restricted RIs for the two subframe sets are the same.

For a non-BL/CE UE, aRI report for aserving cell on an aperiodic reporting mode is valid only for CQI/PMI report or
CQI report without PMI reporting for that serving cell on that aperiodic reporting mode.

For a UE configured in transmission mode 9 or 10, and for a CSl process, if a UE is configured with parameter eMIMO-
Type configured by higher layers, and eMIMO-Typeisset to ‘CLASS B’ and the number of configured CSI-RS
resources is more than one, and the total number of antenna ports across all configured CSI-RS resources is more than
15, the UE on reception of an aperiodic CSl report request triggering a CSl report in uplink subframe n is not expected
to update CRI corresponding to the CSI processif CRI for the CSl process has been reported and updated on or after
subframe n-5.

e  Wideband feedback
0 Mode 1-2 description:

0 For aUE configured in transmission mode 9 or 10, and for a CS| process, if a UE is configured
with higher layer parameter eMIMO-Type, and eMIMO-Typeissetto ‘CLASSB’, and the
number of configured CSI-RS resources is more than one, the UE shall report one wideband CRI
which is calculated assuming transmission on set S subbands.

0 For each subband a preferred precoding matrix is selected from the codebook subset assuming
transmission only in the subband

0 A UE shall report one wideband CQI value per codeword which is calculated assuming the use
of the corresponding selected precoding matrix in each subband and transmission on set S
subbands. The UE shall report the selected precoding matrix indicator for each set S subband
except with

= 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission modes 8,
9 and 10, in which case afirst precoding matrix indicator i, is reported for the set S

subbands and a second precoding matrix indicator i, isreported for each set S

subband, if the UE is not configured with higher layer parameter eMIMO-Type, or UE
reports CRI, or UE is configured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASSB’, and one CSI-RS
resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured.

= UEisconfigured in transmission mode 9 or 10, and with higher layer parameter
eMIMO-Type, and eMIMO-Typeissetto ‘CLASS A’, in which case afirst precoding
matrix indicator i; isreported for the set S subbands and a second precoding matrix

indicator i, isreported for each set S subband.

Subband sizeis given by Table 7.2.1-3.

0 For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are calcul ated
conditioned on the reported RI. For other transmission modes they are reported conditioned on
rank 1. If CRI isreported, the reported PMI, CQI, and Rl values are calculated conditioned on
the reported CRI.

0 Mode 1-1 description:
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For a UE configured in transmission mode 9 or 10, and for a CSI process, if aUE is
configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to
‘CLASSB’, and the number of configured CSI-RS resourcesis more than one, the UE
shall report one wideband CRI which is calculated assuming transmission on set S
subbands.

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission on set S
subbands

The UE shall report the selected single precoding matrix indicator except with

e 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, in which case afirst and second precoding matrix indicator
are reported corresponding to the selected single precoding matrix, if the UE is
not configured with higher layer parameter eMIMO-Type, or UE reports CRI,
or UE is configured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASSB’, and one CSl-
RS resource configured, and except with higher layer parameter
alter nativeCodebookEnabledCLASSB_K1=TRUE configured.

e UEisconfigured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeissetto ‘CLASS A’, in which case
afirst and second precoding matrix indicator are reported corresponding to the
selected single precoding matrix.

For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are cal culated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1. If CRI isreported, the reported PMI, CQI, and Rl values are
calculated conditioned on the reported CRI.

0 Mode 1-0 description:

(o]

If aUE is configured in transmission mode 9 or 10, and UE is configured with higher layer
parameter eMIMO-Type for a CSl process, and eMIMO-Typeisset to ‘CLASS B’, and the
number of CSI-RS antenna portsin at least one of the one or more configured CSI-RS resource
is more than one,

otherwise,

If the number of configured CSI-RS resourcesis more than one, the UE shall report one
wideband CRI which is calculated assuming transmission on set S subbands.

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in al subbands and transmission on set S
subbands

The selected precoding matrix, and reported CQI values are calculated conditioned on
the reported RI. If CRI isreported, the selected precoding matrix, reported CQI, and RI
values are calculated conditioned on the reported CRI

For a UE configured in transmission mode 9 or 10, and for a CSI process, if aUE is
configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to
‘CLASSB’, and the number of configured CSI-RS resourcesis more than one, the UE
shall report one wideband CRI which is calculated assuming transmission on set S
subbands.
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A UE shall report a wideband CQI value which is cal culated assuming transmission on
set S subbands

The wideband CQI represents channel quality for the first codeword, even when RI>1.

For transmission mode 3 the reported CQI valueis calculated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1. If
CRI isreported, the reported CQI values are calculated conditioned on the reported
CRI.

Higher Layer-configured subband feedback

0 Mode 3-0 description:

o If aUEisconfigured in transmission mode 9 or 10, and UE is configured with higher layer
parameter eMIMO-Type for a CSl process, and eMIMO-Typeisset to ‘CLASSB’, and the
number of CSI-RS antenna portsin at least one of the one or more configured CSI-RS resource
is more than one,

otherwise,

If the number of configured CSI-RS resourcesis more than one, the UE shall report one
wideband CRI which is calculated assuming transmission on set S subbands.

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report one subband CQI value per codeword for each set S subband which
are calculated assuming the use of the single precoding matrix in all subbands and
assuming transmission in the corresponding subband.

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in al subbands and transmission on set S
subbands

The selected precoding matrix, and reported CQI values are calculated conditioned on
the reported RI. If CRI isreported, the selected precoding matrix, reported CQI, and RI
values are calculated conditioned on the reported CRI

For a UE configured in transmission mode 9 or 10, and for a CSI process, if aUE is
configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to
‘CLASSB’, and the number of configured CSI-RS resourcesis more than one, the UE
shall report one wideband CRI which is calculated assuming transmission on set S
subbands.

A UE shall report a wideband CQI value which is cal culated assuming transmission on
set S subbands

The UE shall also report one subband CQI value for each set S subband. The subband
CQI vaueis calculated assuming transmission only in the subband

Both the wideband and subband CQI represent channel quality for the first codeword,
even when RI>1.

For transmission mode 3 the reported CQI values are calculated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1. If
CRI isreported, the reported CQI values are calculated conditioned on the reported
CRI.

0 Mode 3-1 description:

For a UE configured in transmission mode 9 or 10, and for a CSl process, if aUE is
configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to
‘CLASSB’, and the number of configured CSI-RS resources is more than one, the UE
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shall report one wideband CRI which is calculated assuming transmission on set S
subbands.

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report one subband CQI value per codeword for each set S subband which
are calculated assuming the use of the single precoding matrix in al subbands and
assuming transmission in the corresponding subband.

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in al subbands and transmission on set S
subbands

The UE shall report the selected single precoding matrix indicator except with,

e 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alter nativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, in which case afirst and second precoding matrix indicator
are reported corresponding to the selected single precoding matrix, if the UE is
not configured with higher layer parameter eMIMO-Type, or UE reports CRI,
or UE is configured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASSB’, and one CSl-
RS resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured.

e UE isconfigured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASSA’, in which case
afirst and second precoding matrix indicator are reported corresponding to the
selected single precoding matrix.

For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are cal culated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1. If CRI isreported, the reported PMI, CQI, and Rl values are
calculated conditioned on the reported CRI.

0 Mode 3-2 description:

For a UE configured in transmission mode 9 or 10, and for a CSI process, if aUE is
configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to
‘CLASSB’, and the number of configured CSI-RS resourcesis more than one, the UE
shall report one wideband CRI which is calculated assuming transmission on set S
subbands.

For each subband a preferred precoding matrix is selected from the codebook subset
assuming transmission only in the subband

A UE shall report one wideband CQI value per codeword which is calculated assuming
the use of the corresponding selected precoding matrix in each subband and
transmission on set S subbands.

A UE shall report the selected single precoding matrix indicator for each set S subband
except with,

e 8 CSI-RS ports configured for transmission mode 9 and 10, or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, in which case the UE shall report afirst precoding matrix
indicator for al set S subbands and also report a second precoding matrix
indicator for each set S subband, if the UE is not configured with higher layer
parameter eMIMO-Type, or UE reports CRI, or UE is configured in
transmission mode 9 or 10, and with higher layer parameter eMIMO-Type, and
eMIMO-Typeisset to ‘CLASS B’, and one CSI-RS resource configured, and
except with higher layer parameter
alter nativeCodebookEnabledCLASSB_K1=TRUE configured.
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e UE isconfigured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASSA’, in which case
afirst precoding matrix indicator i; isreported for the set S subbands and a

second precoding matrix indicator i, isreported for each set S subband.

= A UE shall report one subband CQI value per codeword for each set S subband
reflecting transmission over the single subband and using the selected precoding matrix
in the corresponding subband.

= For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are calculated
conditioned on the reported RI. For transmission mode 6 they are reported conditioned
onrank 1. If CRI isreported, the reported PMI, CQI, and RI values are calculated
conditioned on the reported CRI.

0 Subband CQI vaue for each codeword are encoded differentially with respect to their respective
wideband CQI using 2-bits as defined by

= Subband differential CQI offset level = subband CQI index —wideband CQI index. The
mapping from the 2-bit subband differential CQI value to the offset level is shown in
Table 7.2.1-2.

Table 7.2.1-2: Mapping subband differential CQI value to offset level

Subband differential CQI value | Offset level
0 0
1 1
2 >2
3 <-1

0 Supported subband size (k) isgivenin Table 7.2.1-3.

Table 7.2.1-3: Subband Size (k) vs. System Bandwidth

System Bandwidth | Subband Size
NRs
6-7
8-10
11-26
27 - 63
64 - 110

ooc»4>4>32>3

o UE-selected subband feedback
0 Mode 2-0 description:

o IfaUEisconfigured in transmission mode 9 or 10, and UE is configured with higher layer
parameter eMIMO-Type for a CSl process,, and eMIMO-Typeisset to ‘CLASS B’, and the
number of CSI-RS antenna portsin at least one of the one or more configured CSI-RS resource
is more than one,

= |f the number of configured CSI-RS resources is more than one, the UE shall report one
wideband CRI which is calculated assuming transmission on set S subbands.

=  The UE shall performjoint selection of the set of M preferred subbands of size k within
the set of subbands Sand a preferred single precoding matrix selected from the
codebook subset that is preferred to be used for transmission over the M selected
subbands.

=  The UE shall report one CQI value per codeword reflecting transmission only over the
selected M preferred subbands and using the same selected single precoding matrix in
each of the M subbands.
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A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in al subbands and transmission on set S
subbands

The selected precoding matrix, and reported CQI values are calculated conditioned on
the reported RI. If CRI isreported, the selected precoding matrix, reported CQI, and RI
values are calculated conditioned on the reported CRI.

o0 otherwise,

For a UE configured in transmission mode 9 or 10, and for a CSI process, if aUE is
configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to
‘CLASSB’, and the number of configured CSI-RS resourcesis more than one, the UE
shall report one wideband CRI which is calculated assuming transmission on set S
subbands.

The UE shall select a set of M preferred subbands of size k (where k and M are given in
Table 7.2.1-5 for each system bandwidth range) within the set of subbands S.

The UE shall also report one CQI val ue reflecting transmission only over the M selected
subbands determined in the previous step. The CQI represents channel quality for the
first codeword, even when RI>1.

Additionally, the UE shall aso report one wideband CQI value which is calculated
assuming transmission on set S subbands. The wideband CQI represents channel quality
for the first codeword, even when RI>1.

For transmission mode 3 the reported CQI values are calculated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1. If
CRI isreported, the reported CQI values are calculated conditioned on the reported
CRI.

0 Mode 2-2 description:

For a UE configured in transmission mode 9 or 10, and for a CSl process, if aUE is
configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to
‘CLASSB’, and the number of configured CSI-RS resources is more than one, the UE
shall report one wideband CRI which is calculated assuming transmission on set S
subbands.

The UE shall perform joint selection of the set of M preferred subbands of size k within
the set of subbands Sand a preferred single precoding matrix selected from the
codebook subset that is preferred to be used for transmission over the M selected
subbands.

The UE shall report one CQI value per codeword reflecting transmission only over the
selected M preferred subbands and using the same selected single precoding matrix in
each of the M subbands.

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission on set S
subbands

The UE shall report the selected single precoding matrix indicator preferred for the M
selected subbands and the selected single precoding matrix indicator for al set S
subbands except with,

e 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, in which case the UE shall report afirst precoding matrix
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indicator for al set S subbands, a second precoding matrix indicator for all set
S subbands and another second precoding matrix indicator for the M selected
subbands, if the UE is not configured with higher layer parameter eMIMO-
Type, or UE reports CRI, or UE is configured in transmission mode 9 or 10,
and with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to
‘CLASSB’, and one CSI-RS resource configured, and except with higher layer
parameter alternativeCodebookEnabledCLASSB_K1=TRUE configured.

e UEisconfigured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASSA’, in which case
the UE shall report afirst precoding matrix indicator i; for all set S subbands,

asecond precoding matrix indicator i, for al set S subbands and another
second precoding matrix indicator i, for or the M selected subbands.

= For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are calculated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1. If CRI isreported, the reported PMI, CQI, and Rl values are
calculated conditioned on the reported CRI.

0 For al UE-selected subband feedback modes the UE shall report the positions of the M selected
subbands using a combinatorial index r defined as

M -1 N_S
" r =
E)
= where the set {5} ', (1<§ <N, §<s,,) contains the M sorted subband indices

X
X
and < >= [VJ X2y is the extended binomial coefficient, resulting in unique label
Y 0 x<y

0 The CQI vaue for the M selected subbands for each codeword is encoded differentially using 2-bits
relative to its respective wideband CQI as defined by

= Differential CQI offset level = M selected subbands CQI index — wideband CQI index

= The mapping from the 2-bit differential CQI value to the offset level is shown in Table
7.2.1-4.

Table 7.2.1-4: Mapping differential CQI value to offset level

Differential CQIl value | Offset level
0 <1
1 2
2 3
3 >4

0 Supported subband size k and M values include those shown in Table 7.2.1-5. In Table 7.2.1-5 the k
and M values are afunction of system bandwidth.

N
0 Thenumber of bitsto denote the position of the M selected subbandsis L = POQZ[M ﬂ .

For aBL/CE UE, the reported CQI values are calculated conditioned on rank 1.
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- UE-selected subband feedback
- Mode 2-0 description:

- The UE shall report one wideband CQI value which is calculated assuming transmission on all
narrowband(s) in the CSI reference resource.

- Additionally, if frequency hopping is configured for MPDCCH,

- the UE shall select M=1 preferred narrowband defined in subclause 6.2.7 of [3] within the set of
narrowband(s) in which MPDCCH is monitored.

- the UE shall also report one CQI value reflecting transmission only over the selected narrowband
determined in the previous step.

- The CQI value for the M=1 selected narrowband is encoded differentially using 2-bits relative to its
respective wideband CQI as defined by

- Differential CQI offset level = selected narrowband CQI index — wideband CQI index
- The mapping from the 2-bit differential CQI value to the offset level is shown in Table 7.2.1-4.
- the UE shall report the positions of the M=1 selected narrowband according to Table 7.2.1-6.

Table 7.2.1-5: Subband Size (k) and Number of Subbands (M) in S vs. Downlink System Bandwidth

System Bandwidth
DL Subband Size k (RBs) M
Nrs
6-7 NA NA
8-10 2 1
11-26 2 3
27 - 63 3 5
64 — 110 4 6

Table 7.2.1-6: Reporting UE selected narrowband position for BL/CE UEs

nar'r\lsjvr\?bbaenrdosffor UE reported bit(s) for
narrowband position MPDCCH Narrowband Reported
MPDCCH
o (MSB, LSB)
monitoring
5 0 Narrowband with lowest narrowband index
1 Narrowband with highest narrowband index
00 Narrowband with lowest narrowband index
4 01 Narrowband with second lowest narrowband index
10 Narrowband with third lowest narrowband index
11 Narrowband with highest narrowband index
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A UE is semi-statically configured by higher layers to periodically feed back different CSI components (CQI, PMI, PTI,
CRI, and/or RI) on the PUCCH using the reporting modes given in Table 7.2.2-1 and described below. A UE in
transmission mode 10 can be configured by higher layers for multiple periodic CSl reports corresponding to one or
more CS| processes per serving cell on PUCCH.

A BL/CE UE configured with CEModeB is not expected to be configured with periodic CSI report.

Table 7.2.2-1: CQIl and PMI Feedback Types for PUCCH CSI reporting Modes

PMI Feedback Type
No PMI | Single PMI
Wideband
PUCCH CQI | (wideband CQI) Mode 1-0 | Mode 1-1
Feedback Type | UE Selected
(subband cqQiy | Mode 2-0 | Mode 2-1

For anon-BL/CE UE and for each of the transmission modes defined in subclause 7.1, the following periodic CS|
reporting modes are supported on PUCCH:

Transmission mode 1
Transmission mode 2
Transmission mode 3
Transmission mode 4
Transmission mode 5
Transmission mode 6
Transmission mode 7
Transmission mode 8

Transmission mode 9

: Modes 1-0, 2-0
: Modes 1-0, 2-0
: Modes 1-0, 2-0
:Modes 1-1, 2-1
:Modes 1-1, 2-1
:Modes 1-1, 2-1
: Modes 1-0, 2-0

C

: Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting; modes 1-0, 2-0 if the UE is
onfigured without PMI/RI reporting

: Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting and number of CSI-RS
ports>1; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting or without PMI
reporting or number of CSI-RS ports=1 or the number of CSI-RS portsin each of one or
more CSI-RSresourcesin a CS| processis one when eMIMO-Typeissetto be ' CLASSB’.
Transmission mode 10 : Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting and number of CSI-RS
ports>1; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting or without PMI
reporting or number of CSI-RS ports=1 or the number of CSI-RS portsin each of one or
more CSI-RSresourcesin a CS| processis one when eMIMO-Typeissetto be ' CLASSB'.

For a BL/CE UE configured with CEModeA, the following periodic CSI reporting modes are supported on PUCCH:

Transmission mode 1
Transmission mode 2
Transmission mode 6
Transmission mode 9

: Mode 1-0
: Mode 1-0
: Mode 1-1
: Modes 1-1, 1-0.

For a UE configured in transmission mode 1-9, one periodic CSI reporting mode for each serving cell is configured by

higher-layer signalling.

For a UE configured in transmission mode 10, one or more periodic CSI reporting modes for each serving cell are
configured by higher-layer signalling.

For UE in transmission mode 9 and the UE configured with higher layer parameter eMIMO-Type, the term ‘CSl

process’ in this subclause refersto the CSI configured for the UE.

For a UE configured with transmission mode 9 or 10, and with 8 CSI-RS ports, if the UE is not configured with
parameter eMIMO-Type by higher layers, or UE is configured with parameter eMIMO-Type by higher layers, and
eMIMO-Typeissetto ‘CLASS B’, and one CSI-RS resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured, or UE is configured with parameter eMIMO-Type by
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higher layers, and eMIMO-Typeis set to ‘CLASS B’, and more than one CSI-RS resource configured, and at least one
CSI-RS resource with 8 CSI-RS ports, mode 1-1 is configured to be either submode 1 or submode 2 via higher-layer
signaling using the parameter PUCCH_formatl-1 CS_reporting_mode.

For a UE configured with transmission mode 8, 9 or 10, and with alter nativeCodeBookEnabledFor4TX-r12=TRUE
configured, if the UE is not configured with higher layer parameter eMIMO-Type, or UE is configured with parameter
eMIMO-Type by higher layers, and eMIMO-Typeisset to ‘CLASS B’, and one CSI-RS resource configured, and except
with higher layer parameter alter nativeCodebookEnabledCLASSB_K1=TRUE configured, or UE is configured with
parameter eMIMO-Type by higher layers, and eMIMO-Typeis set to ‘CLASS B’, and more than one CSI-RS resource
configured, and at least one CSI-RS resource with 4 CSI-RS ports, mode 1-1 is configured to be either submode 1 or
submode 2 via higher-layer signaling using the parameter PUCCH_format1-1_CS_reporting_mode.

For the UE-selected subband CQI, a CQI report in a certain subframe of a certain serving cell describes the channel
quality in a particular part or in particular parts of the bandwidth of that serving cell described subsequently as
bandwidth part (BP) or parts. The bandwidth parts shall be indexed in the order of increasing frequency and non-
increasing sizes starting at the lowest frequency.

For each serving cell

- Thereareatotal of N subbands for a serving cell system bandwidth given by NR§ WhereLN Rs /kJ subbands

areof sizek. If (N% /k-‘ —LN% /kJ>O then one of the subbandsis of size NRs — k-\_N% /kj.

- A bandwidth part j is frequency-consecutive and consistsof N j subbands where J bandwidth parts span Sor
Nps asgiveninTable7.2.2-2.1f J=1 then N, is(Ngg /k/ﬂ 1fJ>1then N, iseither (N% /k/ﬂ

or (NSE% k! J-‘ —1, depending on NRS , k and J.
- Each bandwidth part j, where 0 <j < J-1, is scanned in sequential order according to increasing frequency.
- For UE selected subband feedback a single subband out of N j subbands of a bandwidth part is selected along

with a corresponding L-bit label indexed in the order of increasing frequency, whereL = {Iog2 {N% Tk/J ﬂ .

The CQI and PMI payload sizes of each PUCCH CSlI reporting mode are given in Table 7.2.2-3.

The following CQI/PMI and RI reporting types with distinct periods and offsets are supported for the PUCCH CSl
reporting modes given in Table 7.2.2-3:

- Type 1 report supports CQI feedback for the UE selected sub-bands
- Type lareport supports subband CQI and second PMI feedback

- Type2, Type 2b, and Type 2c report supports wideband CQI and PMI feedback
- Type 2areport supports wideband PM| feedback

- Type 3 report supports RI feedback

- Type 4 report supports wideband CQI

- Type 5 report supports RI and wideband PMI feedback

- Type 6 report supports Rl and PTI feedback

- Type 7 report support CRI and RI feedback

- Type 8 report supports CRI, RI and wideband PMI feedback

- Type 9 report supports CRI, RI and PTI feedback

- Type 10 report supports CRI feedback
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For a UE configured in transmission mode 1-9 and for each serving cell, or for a UE configured in transmission mode
10 and for each CSl processin each serving cell, the periodicity N,y (in subframes) and offset Nogpger o (in

subframes) for CQI/PMI reporting are determined based on the parameter cgi-pmi-Configindex (| oqpy ) givenin

Table 7.2.2-1A for FDD or for FDD-TDD with primary cell frame structure 1 and Table 7.2.2-1C for TDD or for FDD-
TDD and primary cell frame structure type 2. The periodicity Mg, and relative offset Noeeger g for RI reporting
are determined based on the parameter ri-Configindex (1, ) givenin Table 7.2.2-1B. For a UE configured in

transmission mode 9 and for each serving cell, or for a UE configured in transmission mode 10 and for each CSI
process in each serving cell, if the UE is configured with parameter eMIMO-Type by higher layers, and eMIMO-Typeis
set to ‘CLASS B’, and the number of configured CSI-RS resourcesis more than one, when RI reporting is configured,
the periodicity M, for CRI reporting is determined based on the parameter cri-Configindex (1., ) givenin Table

7.2.2-1D. When the number of antenna ports in each configured CSI-RS resource is one, the periodicity M and

CRI

relative offset Neeqr o for CRI reporting are determined based on the parameter cri-Configindex (1 . ) givenin

Table 7.2.2-1E. The parameters cqi-pmi-Configlndex, ri-Configindex , and cri-Configindex are configured by higher
layer signalling. The relative reporting offset for Rl Nopeger r takesvaluesfromtheset {0,-1,...—(Npg —1)} . Ifa

UE is configured to report for more than one CSI subframe set then parameter cqi-pmi-Configlndex, ri-Configindex and
cri-Configlndex respectively correspond to the CQI/PMI, RI, and CRI periodicity and relative reporting offset for
subframe set 1 and cqi-pmi-Configlndex2, ri-Configindex2 and cri-Configlndex2 respectively correspond to the
CQI/PMI, RI, and CRI periodicity and relative reporting offset for subframe set 2. For a UE configured with
transmission mode 10, the parameters cqi-pmi-Configlndex , ri-Configlndex, cri-Configlndex, cqi-pmi-Configlndex2, ri-
Configlndex2, and cri-Configindex2 can be configured for each CSI process. A BL/CE UE is not expected to be
configured with the parameter ri-Configlndex.

In the case where wideband CQI/PMI reporting is configured:

- Thereporting instances for wideband CQI/PMI are subframes satisfying
[Loxn¢ +[ng/ 2]~ Norrser cqr Jmod(N g )= 0.

- For aUE configured in transmission mode 9 or 10, and UE configured with the parameter eMIMO-Type by
higher layers, and eMIMO-Type set to ‘CLASS A’, the reporting interval of wideband first PMI reporting is an
integer multiple H’” of period N pd (insubframes).

- Thereporting instances for wideband first PMI are subframes satisfying
(oxn; +|ng/2]~ Nogpeer oo Jmod(H”- N 4 )=0.

- IncaseRI reporting is configured, the reporting interval of the RI reporting is an integer multiple Mg, of
period Np,q (insubframes).

- Thereporting instances for Rl are subframes satisfying
(Loxn¢ +[ns/2|- Norrser carl — Norrser,mi Jmod(N pd MR )=0.

- Incase CRI reporting is configured,
- if the number of antenna portsin each configured CSI-RS resource is one,

- thereporting interval of the CRI reporting is an integer multiple M

o Of period Ny (in subframes)

- Thereporting instances for CRI are subframes satisfying
(10X ne + LHS/ZJ— NOFFSET,CQI - NOFFSET,CRI )mOd(N pd MCRI ): 0.

- otherwise

- thereporting interval of the CRI reporting is an integer multiple M, of period Npg-Mg (in
subframes).

- Thereporting instances for CRI are subframes satisfying
(10>< ng + |_ns/2j— Norrser col — Noreser R )mod(N od Mg -Mcg ): 0.
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In the case where both wideband CQI/PMI and subband CQI (or subband CQI/second PMI for transmission modes 9
and 10) reporting are configured:

- Thereporting instances for wideband CQI/PMI and subband CQI (or subband CQI/second PMI for transmission
modes 9 and 10) are subframes satisfying (L0xn +|ns/2 ]~ Noprger cor JMOdN g = 0.

When PT]1 is not transmitted (due to not being configured) or the most recently transmitted PTI is equal to 1
for a UE configured in transmission modes 8 and 9, or for a UE configured in transmission mode 10 without
a'Rl-reference CSl process for a CSl process, or the transmitted PTI is equal to 1 reported in the most recent
RI reporting instance for a CSI process when a UE is configured in transmission mode 10 with a'RI-
reference CSl process for the CSI process, or the transmitted PTI is equal to 1 for a'Rl-reference CSI
process reported in the most recent RI reporting instance for a CSl process when a UE is configured in
transmission mode 10 with the 'RI-reference CSl process for the CSI process, and the most recent type 6
report for the CSl process is dropped:

- Thewideband CQI/ wideband PMI (or wideband CQI/wideband second PMI for transmission modes 8, 9
and 10) report hasperiod H - N g , and is reported on the subframes satisfying

(Loxn¢ +[ng/2]- Noprser cor Jmod(H - N pg )=0. Theinteger H isdefinedas H =J K +1,
where J isthe number of bandwidth parts.

- Between every two consecutive wideband CQI/ wideband PMI (or wideband CQI/wideband second PMI
for transmission modes 8, 9 and 10) reports, theremaining J-K reporting instances are used in
sequence for subband CQI (or subband CQI/second PMI for transmission modes 9 and 10) reportson K
full cycles of bandwidth parts except when the gap between two consecutive wideband CQI/PMI reports
containslessthan J-K reporting instances due to a system frame number transition to O, in which case
the UE shall not transmit the remainder of the subband CQI (or subband CQIl/second PMI for
transmission modes 9 and 10) reports which have not been transmitted before the second of the two
wideband CQI/ wideband PMI (or wideband CQI/wideband second PMI for transmission modes 8, 9 and
10) reports. Each full cycle of bandwidth parts shall be in increasing order starting from bandwidth part O
to bandwidth part J—1. The parameter K is configured by higher-layer signalling.

When the most recently transmitted PT1 is O for a UE configured in transmission modes 8 and 9 or for aUE
configured in transmission mode 10 without a 'RI-reference CSI process for a CSl process, or the transmitted
PT1 is O reported in the most recent RI reporting instance for a CSl process when a UE is configured in
transmission mode 10 with a'RI-reference CSI process for the CSI process, or the transmitted PTI isO for a
'Rl-reference CSl process reported in the most recent RI reporting instance for a CSl processwhen aUE is
configured in transmission mode 10 with the 'RI-reference CSI process for the CSI process, and the most
recent type 6 report for the CS| process is dropped:

- The wideband first precoding matrix indicator report has period H’-N pd » and isreported on the
subframes satisfying (L0xn¢ +[ng/ 2|~ Nopreer cor Jmod(H’ N g )= 0, where H’issignalled by
higher layers.

- Between every two consecutive wideband first precoding matrix indicator reports, the remaining

reporting instances are used for a wideband second precoding matrix indicator with wideband CQI as
described below

- IncaseRI reporting is configured, the reporting interval of Rl is Mg, timesthe wideband CQI/PMI period
H - Npq , and Rl is reported on the same PUCCH cyclic shift resource as both the wideband CQI/PMI and
subband CQI reports.

The reporting instances for RI are subframes satisfying
(Loxn¢ +[ns/2|- Norrser col — Norrser,mi Jmod(H - Npg - Mg )=0

- Incase CRI reporting is configured,

if the number of antenna ports in each configured CSI-RS resourceis one,

- thereporting interval of the CRI reportingis M, timesthe wideband CQI/PMI period H - N,

CRI
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- Thereporting instances for CRI are subframes satisfying
(1OX n; + Lns/ZJ_ NOFFSET,CQI - NOFFSET,CRI )mOd(H ’ di ’ MCRI )= 0-

- otherwise

- thereporting interval of the CRI reportingis M., timesthe RI period H.di Mg, (insubframes).

CRI

- Thereporting instances for CRI are subframes satisfying
(10><nf +Lns/2J_ Norrser cal — Norrser i )mod(H ‘Npg Mg -Mcg ): 0

If aUE is not configured with higher layer parameter eMIMO-Type, or for a CSl process a UE is configured with higher
layer parameter eMIMO-Type and eMIMO-Typeisset to ‘CLASS A’, or for a CSl process a UE is configured with
higher layer parameter eMIMO-Type and eMIMO-Typeisset to ‘CLASS B’, and one configured CSI-RS resource, in
case of collision of a CSl report with PUCCH reporting type 3, 5, or 6 of one serving cell with a CSl report with
PUCCH reporting type 1, 1a, 2, 2a, 2b, 2c, or 4 of the same serving cell the latter CSI report with PUCCH reporting
type (1, 1a, 2, 2a, 2b, 2c, or 4) has lower priority and is dropped.

For aCSl process, if a UE is configured with higher layer parameter eMIMO-Type and eMIMO-Typeisset to ‘CLASS
B’, and more than one configured CSI-RS resources, in case of collision of a CSl report with PUCCH reporting type 7,
8, 9, or 10 of one serving cell with a CSl report with PUCCH reporting type 1, 1a, 2, 2a, 2b, 2¢, 3, 4, 5, or 6 of the same
serving cell the latter CSI report with PUCCH reporting type (1, 1a, 2, 2a, 2b, 2¢, 3, 4, 5, or 6) has lower priority and is
dropped.

For aserving cell and UE configured in transmission mode 10, in case of collision between CS| reports of same serving
cell with PUCCH reporting type of the same priority, and the CSI reports corresponding to different CSI processes, the
CSl reports corresponding to all CSl processes except the CSI process with the lowest csi-Processld-r11 are dropped.

For aserving cell and UE configured in transmission mode 1-9 and configured with CSI subframe sets Ccg) o and

Ccsi,1 by the higher layer parameter csi-SubframePatternConfig-ri12 for the serving cell, in case of collision between

CSl reports of same serving cell with PUCCH reporting type of the same priority, the CSI report corresponding to CSl
subframe set Ccg 1 isdropped.

For aserving cell and UE configured in transmission mode 10 and configured with CSI subframe sets Ccg o and

Ccsi,1 by the higher layer parameter csi-SubframePatternConfig-r12 for the serving cell, in case of collision between

CSl reports of same serving cell with PUCCH reporting type of the same priority and the CS| reports corresponding to
CSl processes with same csi-Processld-r11, the CSl report corresponding to CSI subframe set Ccg 1 is dropped.

If aUE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl -
resourceConfiguration,and if the UE is configured with more than one serving cell, the UE transmits a CS| report of
only one serving cell in any given subframe. For a given subframe, in case of collision of a CSl report with PUCCH
reporting type 7, 8, 9, or 10 of one serving cell with a CSl report with PUCCH reporting type 1, 1a, 2, 2a, 2b, 2c, 3,4, 5
or 6 of another serving cell, the latter CSl with PUCCH reporting type (1, 1a, 2, 2a, 2b, 2c, 3, 4, 5 or 6) has lower
priority and is dropped. For agiven subframe, in case of collision of a CSl report with PUCCH reporting type 3, 5, 6, or
2aof one serving cell with a CSl report with PUCCH reporting type 1, 1a, 2, 2b, 2c, or 4 of another serving cell, the
latter CSI with PUCCH reporting type (1, 1a, 2, 2b, 2c, or 4) has lower priority and is dropped. For a given subframe, in
case of collision of CSI report with PUCCH reporting type 2, 2b, 2¢, or 4 of one serving cell with CSl report with
PUCCH reporting type 1 or 1aof another serving cell, the latter CSI report with PUCCH reporting type 1, or 1a has
lower priority and is dropped.

For a given subframe and serving cells with UE configured in transmission mode 1-9, in case of collision between CSI
reports of these different serving cells with PUCCH reporting type of the same priority, the CSI reports for all these
serving cells except the serving cell with lowest ServCelllndex are dropped.

If a UE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl -
resourceConfiguration, for a given subframe and serving cells with UE configured in transmission mode 10, in case of
collision between CSI reports of different serving cells with PUCCH reporting type of the same priority and the CSl
reports corresponding to CSl processes with same csi-Processld-r11, the CSI reports of al serving cells except the
serving cell with lowest ServCelllndex are dropped.
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If a UE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl -
resourceConfiguration, for a given subframe and serving cells with UE configured in transmission mode 10, in case of
collision between CSI reports of different serving cells with PUCCH reporting type of the same priority and the CSl
reports corresponding to CSl processes with different csi-Processid-r11, the CSl reports of all serving cells except the
serving cell with CSlI reports corresponding to CS| process with the lowest csi-Processld-r11 are dropped.

If aUE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl -
resourceConfiguration, for a given subframe, in case of collision between CSl report of a given serving cell with UE
configured in transmission mode 1-9, and CSl report(s) corresponding to CSI process(es) of a different serving cell with
the UE configured in transmission mode 10, and the CSI reports of the serving cells with PUCCH reporting type of the
same priority, the CSI report(s) corresponding to CSI process(es) with csi-Processld-r11 > 1 of the different serving
cell are dropped.

If aUE is not configured with higher layer parameter format4-MultiCSl -resourceConfiguration or format5-MultiCS -
resourceConfiguration, for a given subframe, in case of collision between CSI report of a given serving cell with UE
configured in transmission mode 1-9, and CSI report corresponding to CSI process with csi-Processid-r1l = 1 of a
different serving cell with the UE configured in transmission mode 10, and the CS| reports of the serving cells with
PUCCH reporting type of the same priority, the CSl report of the serving cell with highest ServCelllndex is dropped.

See subclause 10.1 for UE behaviour regarding collision between CSI and HARQ-ACK and the corresponding PUCCH
format assignment.

If aUE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl -
resourceConfiguration, the CSl report of a given PUCCH reporting type shall be transmitted on the PUCCH resource

néﬂgz:H as defined in [3], where néﬂgz:H is UE specific and configured by higher layers for each serving cell.

If a UE is not configured with higher layer parameter format4-MultiCSl -resourceConfiguration or format5-MultiCSl-
resourceConfiguration, and
- if the UE is not configured for simultaneous PUSCH and PUCCH transmission or,

- if the UE is configured for simultaneous PUSCH and PUCCH transmission and not transmitting PUSCH,

in case of collision between CSI and positive SR in a same subframe, CSl is dropped.

If a UE is configured with format4-MultiCSl-resourceConfiguration or format5-MultiCS-resourceConfiguration, for a
subframe in which only periodic CSI and SR (if any) is transmitted,
— if thereisonly one CSI report in the subframe,

o theCSl report of agiven PUCCH reporting type shall be transmitted on the PUCCH resource
NP asdefined in [3], where NGRL. is UE specific and configured by higher layers for each
serving cell;

0 Incaseof collision between CSl and positive SR in a same subframe, if the UE is not configured

for simultaneous PUSCH and PUCCH transmission, or if the UE is configured for simultaneous
PUSCH and PUCCH transmission and not transmitting PUSCH, CSl is dropped.

— if there are more than one CSl reportsin the subframe,

o if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layersis
set TRUE, when a PUCCH format 4/5 transmission of CSl reports coincides with a sub-frame
configured to the UE by higher layers for transmission of a scheduling request, the UE shall
transmit the CSI and SR on the PUCCH; Otherwise, CSl is dropped;

o ifthe UEisconfigured with asingle PUCCH format 4 resource n(_, according to higher layer
parameter format4-Multi CS -resourceConfiguration, the PUCCH format 4 resource n$) ., isused
for transmission of the CSl reports and SR (if any);

o if the UE isconfigured witha PUCCH format 5 resource n®)_ according to higher layer
parameter format5-Multi CS -resourceConfiguration, the PUCCH format 5 resource nf®)_ . is used
for transmission of the CSl reports and SR (if any);
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o if the UEis configured with two PUCCH format 4 resources p® and n@__according to

PUCCH,1 PUCCH,2
higher layer parameter format4-MultiCS-resourceConfiguration, if
(QSR +O0p g + OCRC)S min(M PUCCHA || PUCCHA ) NE® . NFUCoH .2 p the PUCCH format 4 resource with

RB,1

the smaller M foecra between néﬁ)cm,l and N0 is used for transmission of the CSI reports;

otherwise, the PUCCH format 4 resource with the larger M7 between n() . and n) .,
isused for transmission of the CSI reports, where

* 0,y Isthetotal number of CSI report bitsin the subframe;

= o isthenumber of CRC hits;

CRC
= O¥ =0if thereis no scheduling request bit in the subframe and O =1 otherwise;

= M, =12, isthe number of PRBsfor n( .~ and N, respectively, according

to higher layer parameter number OfPRB-format4-r 13 according to Table 10.1.1-2;
"N =2 (N:ﬂ;h _1)_1 if shortened PUCCH format 4 is used in the subframe and

N;umcbcm _ 2‘(N;rl;1b _1) otherwise; and

= I isthecoderate given by higher layer parameter maximumPayloadCoderate-r13
according to Table 10.1.1-1.

If a UE transmits only periodic CSl and SR (if any) using either a PUCCH format 4 n(_ . or PUCCH format 5

n® . in a subframe and if (OSR+OF,7CSI +OCRC)> 2-Ng I, the UE shall select the SR (if any) and

PUCCH

NCSI,reported CSl report(s) for transmission in ascending order of Pri g (y, S,C,t), where:

O, g Isthetota number of CSI report bitsin the subframe;

o... isthe number of CRC bits

CRC
O= =0 if thereis no scheduling request bit in the subframe and O =1 otherwise;

Npe = M Fyoore N BBy Fucer for PUCCH format4and N =N®. NEUSeH /2 for PUCCH format 5, where

NEoooH = 2. (N;;b —1)-1 if shortened PUCCH format 4 or shortened PUCCH format 5 is used in the subframe and
NEeH = 2. (Ngk, —1) otherwise;

I isthe code rate given by higher layer parameter maximumPayloadCoderate-r13 according to Table 10.1.1-1;
for aCSl report of aserving cell, Prig (y,s,c,t) for the CSI report is defined

aSPrig (y,s,ct)=y-4-32-2+s-32-2+c-2+t, where

-y =0for CSl report type 3/5/6/2a, Y = 1for CSI report type 2/2b/2c/4, and Y = 2 for CSl report type
1/1a;

- Sisthe CSl process ID according to csi-Processld-r11 if the serving cell is configured with transmission
mode 10, and S=1 if the serving cell configured with transmission mode 1-9;

- Cisthe serving cell index;

- t=0 and t=1 for CSl subframesets Ccg o and Ccg 1 respectively if CSl subframe setsare

configured for the serving cell, and t =0 otherwise.

ETSI



3GPP TS 36.213 version 13.2.0 Release 13 115 ETSI TS 136 213 V13.2.0 (2016-08)

NCSI,reponed
- Thevalueof Neg s Stisfies | O+ > Op g +Opre [S2-Nge 1 and
n=1
NCSI,re;Jorted+1
OF + ZOP_CS, 2t Ocre [>2-Ngg -1, where O® =0 if there no scheduling request bit in the
n=1

subframeand O =1 otherwise. Op_.g , isthe number of CSI report bits for the nth CSI report in
ascending order of Prig (Y,S,C,t).

If a UE is configured with format4-MultiCS -resourceConfiguration or format5-MultiCSl-resourceConfiguratio and if
the UE is configured with more than Ny periodic CSI reports in a subframe, the UE is not required to update CSI for

morethan N y CSl processes from the CSI processes corresponding to all the configured CSI reports, where the value

of N y is given by maxNumberUpdatedCS -Proc-r13.

Table 7.2.2-1A: Mapping of Icqpw t0 Npg and Nogeger cqr for FDD or for FDD-TDD and primary
cell frame structure type 1

ICQI/PMI Value of N nd \Value of NOFFSET,C@
0< legipm <1 2 lcqi/pmi
2< leqipm <6 5 lcqrem —2
7< leqpm <16 10 leqiem =7
17< leqipm <36 20 leoiem =17
37< lequpw <76 40 leqipmi =37
77< leqpm <156 80 lcoiem — 77
157 < legpw <316 160 leqipmi =157
lcoipm =317 Reserved
318< lcgpw <349 32 lcqiem —318
350 < o /pu <413 64 lcoi/pm — 350
414 < Do pw <541 128 lcoipm — 414
542 < o pw <601 60 lcorpm — 542
602 < ICQI /e <1023 Reserved

Table 7.2.2-1B: Mapping of Iy to Mg and Nogrgr g -

I Value of Mg, [Value of Noppeer

0< Iy <160 1 -l

161< lg <321 2 - (lg -161)
322< | <482 4 -(lg —322)
483< lg <643 8 -(lg —483)
644< |y <804 16 -(lg —644)
805< lg <965 32 -(lg —805)
966 < |5 <1023 Reserved
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Table 7.2.2-1C: Mapping of Icqpw t0 Npg and Nogeger cqr for TDD or for FDD-TDD and primary
cell frame structure type 2

L cai /P Value of Npq |Value of Noppeer col
lcoipm =0 1 lcqirpmi

1< leqipm <5 5 lcqrem —1

6< lcqpm <15 10 lcqi/pmi —6
16 < leqipm <35 20 lcoipm — 16
36< lcqipmi <75 40 lcqi/pmi —36
76 < lcqipmi <155 80 leqi/pmi =76
156 < lcqpw <315 160 lcqi/pmi =156
316 < lcqpmi <375 60 lcqi/pm — 316
B76 < lcogi/pwi <1023 Reserved

Table 7.2.2-1D: Mapping of |, to M., when Rlreporting is configured

| Value of M cr

1
2
4
8
16
32
64
128

7< | o £1023 Reserved

(@]
P}

N[O|O[AR|WIN|F]|O

Table 7.2.2-1E: Mapping of |, t0 Mgy and Ngggr g When the number of antenna ports in each
configured CSI-RS resource is one

| cr Value of Mg | Value of Nt o

0< Iy <160 1 “lem
161< |, <321 2 ~ (1o —161)
322< |, <482 4 ~( lgg - 322)
483< |, <643 8 ~ (I gy —483)
644< |, <804 16 ~ (I gy —644)
805< |, <965 32 ~( I g - 805)
966 < |, <1023 Reserved

For TDD or FDD-TDD and primary cell frame structure type 2 periodic CQI/PMI reporting, the following periodicity
values apply for aserving cell ¢ depending on the TDD UL/DL configuration of the primary cell [3], where the UL/DL
configuration corresponds to the eimta-HARQ-ReferenceConfig-r12 for the primary cell if the UE is configured with the
parameter EIMTA-MainConfigServCell-r12 for the primary cell:

- Thereporting period of N4 =1 isapplicable for the serving cell c only if TDD UL/DL configuration of the

primary cell belongsto {0, 1, 3, 4, 6}, and where all UL subframes of the primary cell in aradio frame are used
for CQI/PMI reporting.
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- Thereporting period of N4 =5 isapplicablefor the serving cell c only if TDD UL/DL configuration of the
primary cell belongsto {0, 1, 2, 6}.

- Thereporting periods of Ny ={10,20,40,80,160} are applicable for the serving cell ¢ for any TDD UL/DL
configuration of the primary cell.

For aserving cell with N gé <7, Mode 2-0 and Mode 2-1 are not supported for that serving cell.

The sub-sampled codebook for PUCCH mode 1-1 submode 2 for 8 CSI-RS portsis defined in Table 7.2.2-1D for first

and second precoding matrix indicator i; and i,. Joint encoding of rank and first precoding matrix indicator i, for

PUCCH mode 1-1 submode 1 for 8 CSI-RS portsis defined in Table 7.2.2-1E. The sub-sampled codebook for PUCCH
mode 2-1 for 8 CSI-RS portsis defined in Table 7.2.2-1F for PUCCH Reporting Type la.

For a UE configured with transmission mode 9 or 10, , and the UE configured with parameter eMIMO-Type by higher
layers, and eMIMO-Typeisset to ‘CLASS A’, and PUCCH Reporting Type 1a, the sub-sampled codebook for PUCCH
mode 2-1 for value of parameter codebookConfig set to 2, 3, or 4 isdefined in Table 7.2.2-1F, for value of parameter

codebookConfig set to 1, the value of the second PMI, Low 2 ,issetto is.

Table 7.2.2-1D: PUCCH mode 1-1 submode 2 codebook subsampling

Relationship between the Relationship between the

RI first PMI value and codebook index iy second PMI value and codebook index iy total

Value of the first PMI loy1 | codebook index iy | value of the second PMI 1, | Codebook index iy | #bits
1 0-7 2l gy 0-1 2oy 4
2 0-7 2l o 0-1 w2 4
3 0-1 2l s 0-7 Moo/ + Vo, | 4
4 0-1 2l s 0-7 w2 4
5 0-3 Lowny 0 0 2
6 0-3 I oni 0 0 2
7 0-3 I oni 0 0 2
8 0 0 0 0 0

Table 7.2.2-1E: Joint encoding of Rl and i; for PUCCH mode 1-1 submode 1

Value of joint encoding of Rl and the first PMI ) .
| RI Codebook index Iy
Rl /PMI1
0-7 1 21 RI/PMI1
8-15 2 2( IRI/PMI1-8)
16-17 3 2( IRI/PMI1_16)
18-19 4 2(1 g onn1-18)
20-21 5 2( |RI /PM|1'20)
22-23 6 2 IRI/PMI1-22)
24-25 7 2( IRI /PM|1'24)
26 8 0
27-31 reserved NA
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Table 7.2.2-1F: PUCCH mode 2-1 codebook subsampling

Relationship between the second PMI value and codebook index iy
RI X -
Value of the second PMI_'pPw2 Codebookindex 15
1 0-15 | owi 2
2 0-3 2l oy,
3 0-3 8- 12! 2 |+ (I oy, MO 2) +2
4 0-3 PA P
5 0 0
6 0 0
7 0 0
8 0 0

The sub-sampled codebook for PUCCH mode 1-1 submode 2 for transmission modes 8, 9 and 10 configured with
alternativeCodeBookEnabledFor4TX-r12=TRUE isdefined in Table 7.2.2-G for first and second precoding matrix
indicator i; andi,. Joint encoding of rank and first precoding matrix indicator i; for PUCCH mode 1-1 submode 1
for transmission modes 8, 9 and 10 configured with alter nativeCodeBookEnabledFor4TX-r12=TRUE is defined in
Table 7.2.2-1H. The sub-sampled codebook for PUCCH mode 2-1 for transmission modes 8, 9 and 10 configured with
alternativeCodeBookEnabledFor4TX-r12=TRUE is defined in Table 7.2.2-11 for PUCCH Reporting Type la.

Table 7.2.2-1G: PUCCH mode 1-1 submode 2 codebook subsampling with 4 antenna ports

Relationship between the first PMI Relationship between the second PMI
value and codebook index i, value and codebook index i, total
Value
of
the Value of
first the
PMI . second
RI | ewi1 Codebook index ' PMIl gy, , Codebook index I #bits
1 0-3 4l PMI1 0-3 2l PMI 2 +4- \_I PMI 2 / 2J 4
2 0-3 4l PMI1 0-3 I pmiz T 2'\.' PMIZ/ZJ 4
3 0 0 0-15 Lo 4
4 0 0 0-15 o 2 4

Table 7.2.2-1 H: Joint encoding of Rl and for PUCCH mode 1-1 submode 1 with 4 antenna ports

Value of joint Codebook index i
encoding of
Rl and the
first PMI R
IRI/PMIl
0-7 1 IRI /PMI1
8-15 2 IRI/PMI1_8
16 3 0
17 4 0
18-31 reserved NA
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Table 7.2.2-1 I: PUCCH mode 2-1 codebook subsampling with 4 antenna ports

Relationship between the second PMI
value and codebook index i,
Value
RI of the
second
PMI
. Codebook index i,
1 0-15 IPMIZ
2 0-3 IPMI2+2'|_IPMI2/2J
3 0-3 2'PM|2+4'|_| PMIZ/ZJ
4 0-3 2|PM|2+4‘|_| PMI2/2J

An CRI or RI or PTI or any precoding matrix indicator reported for a serving cell in a periodic reporting mode isvalid
only for CSl reports for that serving cell on that periodic CSl reporting mode.

For serving cell ¢, aUE configured in transmission mode 10 with PMI/RI reporting or without PMI reporting for a CSI
process can be configured with a'RI-reference CSl process. The RI for the 'Rl-reference CSl process is hot based on
any other configured CSI process other than the 'RI-reference CSI process. If the UE is configured with a'RI-reference

CSl process for a CSI process and if subframe sets Ccg o and Ccg) 1 are configured by higher layers for only one of

the CSI processes then the UE is not expected to receive configuration for the CSI process configured with the subframe
subsets that have a different set of restricted RIs with precoder codebook subset restriction between the two subframe
sets.The UE is not expected to receive configurations for the CSI process and the 'RI-reference CSl process' that have a
different:

periodic CSI reporting mode (including sub-mode if configured), and/or
number of CSI-RS antenna ports, and/or

set of restricted RIs with precoder codebook subset restriction if subframe sets Ccg o and Ccg 1 arenot
configured by higher layers for both CSI processes, and/or

set of restricted RIs with precoder codebook subset restriction for each subframe set if subframe sets Ccg o
and Ccg 1 areconfigured by higher layers for both CSI processes, and/or

set of restricted RIs with precoder codebook subset restriction if subframe sets Ccg o and Ccg 1 are

configured by higher layers for only one of the CSI processes, and the set of restricted RIs for the two subframe
sets are the same, and/or

number of CSI-RS antenna ports for any two CSI-RS resources for the two CSI processes, if aUE is configured
with higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS B’, and the number of configured
CSI-RS resources is more than one for at least one of the two CSI processes, and/or

set of restricted RIs with precoder codebook subset restriction for any two CSI-RS resources for the two CS|
processes, if a UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS
B’, and the number of configured CSI-RS resources is more than one for at least one of the two CS| processes
and if subframe sets Ccg o and Ccg 1 arenot configured by higher layers for both CSI processes, and/or

set of restricted RIs with precoder codebook subset restriction for each subframe set and for any two CSI-RS
resources for the two CSl processes, if a UE is configured with higher layer parameter eMIMO-Type, and
eMIMO-Typeissetto ‘CLASS B’, and the number of configured CSI-RS resources is more than one for at |east
one of the two CSl processes and if subframe sets Ccg o and Ccg g are configured by higher layers for both

CSl processes, and/or

set of restricted RIs with precoder codebook subset restriction for any two CSI-RS resources for the two CS|
processes, if a UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS
B’, and the number of configured CSI-RS resources is more than one for at least one of the two CSI processes
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and if subframe sets Ccg o and Ccg 1 are configured by higher layers for only one of the CSI processes, and
the set of restricted RIs for the two subframe sets are the same.

If aUE is configured for CRI reporting,

For the calculation of CQI/PMI/RI conditioned on the last reported CRI, in the absence of alast reported CRI the
UE shall conduct the CQI/PMI/RI calculation conditioned on the lowest possible CRI. If reporting for more than
one CSI subframe set is configured, CQI/PMI/RI is conditioned on the last reported CRI linked to the same
subframe set asthe CSl report.

For the calculation of CQI/PMI conditioned on the last reported Rl and CRI, in the absence of alast reported RI
and CRI, the UE shall conduct the CQI/PMI calculation conditioned on the lowest possible RI associated with
the lowest possible CRI and as given by the bitmap parameter codebookSubsetRestriction and the parameter
alternativeCodeBookEnabledFor4TX-r12 if configured. If reporting for more than one CSI subframe set is
configured, CQI/PMI is conditioned on the last reported RI associated with the last reported CRI and linked to
the same subframe set as the CSI report

otherwise,

For the calculation of CQI/PMI conditioned on the last reported RI, in the absence of alast reported RI the UE
shall conduct the CQI/PMI calculation conditioned on the lowest possible RI as given by the bitmap parameter
codebookSubsetRestriction and the parameter alternativeCodeBookEnabledFor4TX-r12 if configured. If
reporting for more than one CS| subframe set is configured, CQI/PMI is conditioned on the last reported RI
linked to the same subframe set as the CSl report.

- For anon-BL/CE UE, the periodic CSI reporting modes are described as following:

e Wideband feedback
0 Mode 1-0 description:

= |n the subframe where RI isreported (only for transmission mode 3, and transmission
mode 9 or 10 without PMI reporting with one configured CSI-RS resource or with more
than one configured CSI-RS resource and the number of CSI-RS ports of the selected
CSI-RS resource is more than one):

e If aUEisconfigured in transmission mode 10 with a'RI-reference CS|
process for a CSl process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, for
transmission mode 3 the UE shall determine a Rl assuming transmission on set
Ssubbands, and for transmission mode 9 or 10 without PMI reporting, the UE
shall determine a Rl assuming transmission on set S subbands conditioned on
the last reported periodic CRI.

e TheUE shall report atype 3 report consisting of one RI.

= Inthe subframe where Rl and CRI is reported (only for transmission mode 9 or 10
without PMI reporting and number of configured CSI-RS resources more than one):

e A UE shall determine a CRI assuming transmission on set S subbands.

e If aUE isconfigured in transmission mode 10 with a'RI-reference CS|
process for a CSl process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, the UE
shall determine a Rl assuming transmission on set S subbands conditioned on
the reported CRI.

e The UE shall report atype 7 report consisting of one Rl and one CRI.

= Inthe subframe where CRI isreported (only for transmission mode 9 or 10 with CRI
reporting and the number of antenna portsin each of configured CSI-RS resourcesis
one):
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A UE shall determine a CRI assuming transmission on set S subbands.

The UE shall report atypelO report consisting of one CRI.

= |n the subframe where CQI is reported:

Mode 1-1 description:

If the UE is configured without PMI reporting (only for transmission mode 9

or 10):

(o]

(o]

A single precoding matrix is selected from the codebook subset
assuming transmission on set S subbands.

A UE shall report atype 4 report consisting of

= A single wideband CQI value which is calculated assuming
the use of a single precoding matrix in all subbands and
transmission on set S subbands.

=  When RI>1, an additional 3-bit wideband spatial differential
CQI, whichisshownin Table 7.2-2.

If the UE is configured with CRI reporting,

= |f aUE isconfigured in transmission mode 10 with a“'RI-
reference CSl process' ' for a CSl process, and the most
recent type 3 report for the CSl processis dropped, and a
type 3 report for the *'RI-reference CSI process' is reported
in the most recent RI reporting instance for the CSl process,
the selected precoding matrix and CQI for the CSI process
are calculated conditioned on the reported periodic RI for the
configured ‘'RI-reference CS| process'' in the most recent RI
reporting instance for the CS| process and last reported
periodic CRI for the CSl process; otherwise the selected
precoding matrix and CQI are calculated conditioned on the
last reported periodic RI and the last reported periodic CRI.

otherwise,

= |f aUE isconfigured in transmission mode 10 with a“'RI-
reference CSl process' ' for a CSl process, and the most
recent type 3 report for the CSl processis dropped, and a
type 3 report for the *'RI-reference CSI process' is reported
in the most recent RI reporting instance for the CSl process,
the selected precoding matrix and CQI for the CSI process
are calculated conditioned on the reported periodic RI for the
configured ‘'RI-reference CS| process'' in the most recent R
reporting instance for the CS| process; otherwise the selected
precoding matrix and CQI are calculated conditioned on the
last reported periodic RI.

otherwise,

(o]

A UE shall report atype 4 report consisting of one wideband CQI
value which is calculated assuming transmission on set S subbands.
The wideband CQI represents channel quality for the first codeword,
even when RI>1.

For transmission mode 3 the CQI is calculated conditioned on the last
reported periodic RI. For other transmission modesiit is calcul ated
conditioned on transmission rank 1. If the UE is configured with CRI
reporting, the CQI is calculated conditioned on the last reported
periodic CRI.

= Inthe subframe where RI is reported (only for transmission modes 4, 8, 9 and 10):

If the UE is configured with CRI reporting,
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If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the RI for the CSI process shall be the
same asthe Rl in the most recent CSl report comprising RI for the
configured 'RI-reference CS| process irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands conditioned on the last reported
periodic CRI.

e otherwise,

(o]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the RI for the CSI process shall be the
same asthe Rl in the most recent CSl report comprising RI for the
configured 'RI-reference CSI process' irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands.

e The UE shal report atype 3 report consisting of one RI.
= Inthe subframe where Rl and CRI is reported for transmission modes 9 and 10:
e A UE shall determine a CRI assuming transmission on set S subbands.

e If aUE isconfigured in transmission mode 10 with a'RI-reference CS|
process for a CS| process, the RI for the CSl process shall be the same as the
RI in the most recent CSl report comprising RI for the configured 'Rl -reference
CSl process irrespective of subframe setsif configured; otherwise, the UE
shall determine a Rl assuming transmission on set S subbands conditioned on
the reported CRI for the CSI process.

e The UE shall report atype 7 report consisting of one Rl and one CRI.

= |nthe subframe where RI and afirst PMI are reported for transmission modes 9 and 10
configured with submode 1 and 8 CSI-RS ports without CRI reporting or 8 CSI-RS
ports or 4 CSI-RS ports with alter nativeCodeBookEnabledFor4TX-r12=TRUE in the
selected CSI-RS resource and UE is configured with CRI reporting, and for
transmission modes 8, 9 and 10 configured with submode 1 and
alter nativeCodeBookEnabledFor4TX-r12=TRUE without CRI reporting:

o If the UEisconfigured with CRI reporting,

(o]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the RI for the CSI process shall be the
same asthe Rl in the most recent CSl report comprising RI for the
configured 'RI-reference CSI process' irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands conditioned on the last reported
periodic CRI.

o otherwise,

(o]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for aCSl process, the RI for the CS| process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CSl process irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands.

e The UE shall report atype 5 report consisting of jointly coded RI and afirst
PMI corresponding to a set of precoding matrices selected from the codebook
subset assuming transmission on set S subbands.

o |f the UE isconfigured with CRI reporting,

(0]

If the UE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process and in case of collision of type 5 report
for the CSl process with type 5 report for the 'Rl-reference CSI
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process, the wideband first PMI for the CSI process shall be the same
as the wideband first PMI in the most recent type 5 report for the
configured 'Rl-reference CSI process’; otherwise, the wideband first
PMI valueis calculated conditioned on the reported periodic Rl and
last reported periodic CRI.

otherwise,

o If the UE isconfigured in transmission mode 10 with a 'RI-reference
CSl process for a CSl process and in case of collision of type 5 report
for the CS| process with type 5 report for the 'RI-reference CSl
process, the wideband first PMI for the CSI process shall be the same
as the wideband first PMI in the most recent type 5 report for the
configured 'RI-reference CSI process’; otherwise, the wideband first
PMI valueis calculated conditioned on the reported periodic RI.

= Inthe subframe where CRI, RI and afirst PMI are reported for transmission modes 9,
and 10 configured with submode 1 and 8 CSI-RS portsin at least one of the configured
CSI-RS resources, or for transmission modes 8, 9 and 10 configured with submode 1
and alter nativeCodeBookEnabledFor4TX-r12=TRUE and 4 CSI-RS portsin at least
one of configured CSI-RS resources:

A UE shall determine a CRI assuming transmission on set S subbands.

If aUE is configured in transmission mode 10 with a'RI-reference CSI

process for a CS| process, the RI for the CSl process shall be the same as the
RI in the most recent CSl report comprising RI for the configured 'RI-reference
CSl process' irrespective of subframe setsif configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands conditioned on
the reported CRI.

If the configured CSI-RS resource corresponding to the determined CRI
comprises 8 CSI-RS ports or 4 CSI-RS ports with
alternativeCodeBookEnabledFor4TX-r12=TRUE, the UE shall report atype 8
report consisting of jointly coded CRI, RI and afirst PMI corresponding to a
set of precoding matrices selected from the codebook subset assuming
transmission on set S subbands. Otherwise, the UE shall report a type 8 report
consisting of jointly coded CRI, RI and afirst PMI fixed to zero.

If the UE is configured in transmission mode 10 with a 'RI-reference CSI
process for a CSl process and in case of collision of type 5 report for the CSI
process with type 5 report for the 'RI-reference CSI process, the wideband first
PMI for the CSI process shall be the same as the wideband first PMI in the
most recent type 5 report for the configured 'Rl-reference CSI process;;
otherwise, the wideband first PM1 valueis calculated conditioned on the
reported periodic RI and last reported periodic CRI conditioned on the reported
CRI.

=  Inthe subframe where the wideband first PM1 is reported, for transmission modes 9 and
10 with higher layer parameter eMIMO-Type configured, and eMIMO-Type set to
‘CLASSA’,

A set of precoding matrices corresponding to the wideband first PMI is
selected from the codebook assuming transmission on set S subbands.

A UE shall report atype 2areport consisting of the wideband first PMI
corresponding to the selected set of precoding matrices.

If aUE is configured in transmission mode 10 with a'RI-reference CS
process for a CSl process, and the most recent type 3 report for the CSI
process is dropped, and atype 3 report for the 'Rl -reference CSI process is
reported in the most recent RI reporting instance for the CSl process, the
wideband first PMI value for the CSl processis calculated conditioned on the
reported periodic RI for the configured 'Rl-reference CSI process' in the most
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recent RI reporting instance for the CSl process; otherwise the wideband first
PMI vaueis calculated conditioned on the last reported periodic RI.

In the subframe where CQI/PMI is reported for al transmission modes except with,

UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type
issetto ‘CLASSA’, or

8 CSI-RS ports configured for transmission modes 9 and 10, or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, if the UE is not configured with higher layer parameter
eMIMO-Type, or UE configured with CRI reporting, or UE is configured with
higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASSB’,
and one CSI-RS resource configured, and except with higher layer parameter
alter nativeCodebookEnabledCLASSB_K1=TRUE configured:

(0]

(o]

(o]

(o]

A single precoding matrix is selected from the codebook subset

assuming transmission on set S subbands.

A UE shall report atype 2 report consisting of

A single wideband CQI value which is calculated assuming
the use of asingle precoding matrix in al subbands and
transmission on set S subbands.

The selected single PMI (wideband PM1).

When RI>1, an additional 3-bit wideband spatial differential
CQI, whichisshownin Table 7.2-2.

If the UE is configured with CRI reporting,

If aUE is configured in transmission mode 10 with a“'RI-
reference CSl process' ' for a CSl process, and the most
recent type 3 report for the CSl processis dropped, and a
type 3 report for the *'RI-reference CSI process' is reported
in the most recent RI reporting instance for the CSI process,
the PMI and CQI for the CSl process are calcul ated
conditioned on the reported periodic RI for the configured
“'Rl-reference CSI process'' in the most recent RI reporting
instance for the CSl process; otherwise the PMI and CQI are
calculated conditioned on the last reported periodic Rl and
the last reported periodic CRI.

otherwise,

For transmission modes 4, 8, 9 and 10,

e If aUE isconfigured in transmission mode 10 with
a‘'Rl-reference CSl process'' for a CSl process, and
the most recent type 3 report for the CSI processis
dropped, and atype 3 report for the *'RI-reference
CSl process' ' isreported in the most recent RI
reporting instance for the CSI process, the PMI and
CQI for the CSl process are calculated conditioned
on the reported periodic RI for the configured *'RI-
reference CSl process'' in the most recent RI
reporting instance for the CS| process; otherwise
the PMI and CQI are calculated conditioned on the
last reported periodic RI.

For other transmission modes the PMI and CQI are
calculated conditioned on transmission rank 1.

In the subframe where wideband CQI/second PMI is reported for transmission modes 9
and 10 with 8 CSI-RS ports and submode 1 configured and for transmission modes 8, 9
and 10 with submode 1 and alter nativeCodeBookEnabledFor4TX-r12=TRUE
configured, and for transmission modes 9 and 10 with higher layer parameter eMIMO-
Type configured, and eMIMO-Type set to ‘CLASS A’
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A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

A UE shall report atype 2b report consisting of

o

A single wideband CQI value which is calculated assuming the use of
the single precoding matrix in all subbands and transmission on set S
subbands.

The wideband second PMI corresponding to the selected single
precoding matrix.

When RI>1, an additional 3-bit wideband spatial differential CQl,
which isshown in Table 7.2-2.

If the UE is configured with CRI reporting,

(o]

(o]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 5 report for
the CSI processis dropped, and atype 5 report for the 'Rl-reference
CSl process is reported in the most recent RI reporting instance for
the CSl process,

= The wideband second PMI value for the CSI processis
calculated conditioned on the reported periodic Rl and the
wideband first PMI for the configured 'RI-reference CSI
process in the most recent RI reporting instance for the CSI
process and the last reported periodic CRI for the CS
process.

=  Thewideband CQI vaueis calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'Rl-reference CSI
process in the most recent RI reporting instance for the CSI
process and the last reported periodic CRI for the CS
process.

Otherwise,
=  The wideband second PM| valueis calcul ated conditioned on

the last reported periodic Rl and the wideband first PMI and
the last reported periodic CRI.

= Thewideband CQI valueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI
and the last reported periodic CRI.

.otherwise,

(o]

(o]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 5 report for
the CSI processis dropped, and atype 5 report for the 'Rl-reference
CSl process isreported in the most recent RI reporting instance for
the CSI process,

=  Thewideband second PMI value for the CSl processis
calculated conditioned on the reported periodic Rl and the
wideband first PMI for the configured 'RI-reference CSI
process in the most recent RI reporting instance for the CSI
process.

=  Thewideband CQI valueis calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'Rl-reference CS
process in the most recent RI reporting instance for the CSI
process.

Otherwise,

=  The wideband second PMI value is calculated conditioned on
the last reported periodic Rl and the wideband first PMI.
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=  Thewideband CQI vaueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI.

In the subframe where wideband CQI/first PMI/second PMI is reported for transmission
modes 9 and 10 with submode 2 and 8 CSI-RS ports configured without CRI reporting
or 8 CSI-RS ports or 4 CSI-RS ports with alternativeCodeBookEnabledFor4TX-
r12=TRUE in the selected CSI-RS resource and UE is configured with CRI reporting,
and for transmission modes 8, 9 and 10 with submode 2 and
alternativeCodeBookEnabledFor4TX-r12=TRUE configured without CRI reporting:

e A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e A UE shal report atype 2c report consisting of

0 A singlewideband CQI value which is calculated assuming the use of
asingle precoding matrix in all subbands and transmission on set S
subbands.

0 Thewideband first PMI and the wideband second PMI corresponding
to the selected single precoding matrix as defined in subclause 7.2.4.

0 When RI>1, an additional 3-bit wideband spatial differential CQI,
whichisshown in Table 7.2-2.

o If the UEisconfigured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 3 report for
the CSI processis dropped, and atype 3 report for the 'RI-reference
CSl process isreported in the most recent RI reporting instance for
the CSl process, the wideband first PMI, the wideband second PMI
and the wideband CQI for the CSI process are cal culated conditioned
on the reported periodic RI for the configured 'Rl-reference CSI
process in the most recent RI reporting instance for the CSl process
and the last reported periodic CRI for the CSI process; otherwise the
wideband first PMI, the wideband second PMI and the wideband CQI
are calculated conditioned on the last reported periodic RI and the last
reported periodic CRI.

e otherwise

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 3 report for
the CSl processis dropped, and atype 3 report for the 'RI-reference
CSl process is reported in the most recent RI reporting instance for
the CSl process, the wideband first PMI, the wideband second PMI
and the wideband CQI for the CSI process are cal culated conditioned
on the reported periodic RI for the configured 'RI-reference CSI
process in the most recent RI reporting instance for the CSl process;
otherwise the wideband first PMI, the wideband second PMI and the
wideband CQI are calculated conditioned on the last reported periodic
RI.

UE Selected subband feedback

0 Mode 2-0 description:

In the subframe where RI is reported (only for transmission mode 3, and transmission
mode 9 or 10 without PMI reporting with one configured CSI-RS resource or with more
than one configured CSI-RS resource and the number of CSI-RS ports of the selected
CSI-RSis more than one):

o If aUEisconfigured in transmission mode 10 with a'Rl-reference CSI
process for a CSl process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, for
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transmission mode 3 the UE shall determine a Rl assuming transmission on set
Ssubbands, and for transmission mode 9 or 10 without PM1 reporting, the UE
shall determine a Rl assuming transmission on set S subbands conditioned on
the last reported periodic CRI.

e The UE shall report atype 3 report consisting of one RI.

= Inthe subframe where Rl and CRI isreported (only for transmission mode 9 or 10
without PMI reporting and number of configured CSI-RS resources more than one and
the number of antenna portsin at least one of the configured CSI-RS resources is more
than one):

e A UE shall determine a CRI assuming transmission on set S subbands.

o If aUEisconfigured in transmission mode 10 with a'RI-reference CSI
process for a CSl process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands conditioned on
the reported CRI.

e The UE shall report atype 7 report consisting of one Rl and one CRI.

= Inthe subframe where CRI isreported (only for transmission mode 9 or 10 with CRI
reporting and the number of antenna portsin each of configured CSI-RS resourcesis
one):

e A UE shall determine a CRI assuming transmission on set S subbands.
e The UE shall report atypelO report consisting of one CRI.
=  Inthe subframe where wideband CQI is reported:

o If the UE is configured without PMI reporting (only for transmission mode 9
or 10):

0 A single precoding matrix is selected from the codebook subset
assuming transmission on set S subbands.

0 A UE shal report atype 4 report on each respective successive
reporting opportunity consisting of

= A single wideband CQI value which is calculated assuming
the use of a single precoding matrix in all subbands and
transmission on set S subbands.

=  When RI>1, an additional 3-hit wideband spatial differential
CQI, whichisshownin Table 7.2-2.

o If the UE isconfigured with CRI reporting,

= |f aUE isconfigured in transmission mode 10 with a“'RI-
reference CSl process' ' for a CSl process, and the most
recent type 3 report for the CSI processis dropped, and a
type 3 report for the ‘'RI-reference CSI process'' is reported
in the most recent RI reporting instance for the CSI process,
the subband selection, selected precoding matrix and CQI for
the CSl process are cal culated conditioned on the reported
periodic RI for the configured *'RI-reference CSl process'' in
the most recent RI reporting instance for the CSI process and
the last reported periodic CRI for the CSI process; otherwise
the subband selection, selected precoding matrix and CQI are
calculated conditioned on the last reported periodic Rl and
the last reported periodic CRI.

o otherwise
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= |f aUE isconfigured in transmission mode 10 with a“'RI-
reference CSl process' ' for a CSl process, and the most
recent type 3 report for the CSl processis dropped, and a
type 3 report for the *'RI-reference CSI process'' is reported
in the most recent RI reporting instance for the CSI process,
the subband selection, selected precoding matrix and CQI for
the CSl process are cal culated conditioned on the reported
periodic RI for the configured * 'RI-reference CSl process'' in
the most recent RI reporting instance for the CSl process;
otherwise the subband selection, selected precoding matrix
and CQI are calculated conditioned on the last reported
periodic RI.

e otherwise,

(o]

The UE shall report atype 4 report on each respective successive
reporting opportunity consisting of one wideband CQI value which is
calculated assuming transmission on set S subbands. The wideband
CQI represents channel quality for the first codeword, even when
RI>1.

For transmission mode 3 the CQI is calculated conditioned on the last
reported periodic RI. For other transmission modesiit is calcul ated
conditioned on transmission rank 1. If the UE is configured with CRI
reporting, the CQI is calculated conditioned on the last reported
periodic CRI.

= |nthe subframe where CQI for the selected subbands is reported:

e |f the UE is configured without PMI reporting (only for transmission mode 9

or 10):

(o]

(o]

The UE shall select the preferred subband within the set of N,
subbands in each of the J bandwidth parts where Jis given in Table
7.2.2-2.

A single precoding matrix is selected from the codebook subset
assuming transmission on on the selected subband within the
applicable bandwidth part.

The UE shall report atype 1 report per bandwidth part on each
respective successive reporting opportunity consisting of':

= CQI valuefor codeword O reflecting transmission only over
the selected subband of a bandwidth part determined in the
previous step along with the corresponding preferred
subband L-bit label.

=  When RI>1, an additional 3-bit subband spatial differential
CQI vaue for codeword 1 offset level

e Codeword 1 offset level = subband CQI index for
codeword 0 — subband CQI index for codeword 1.

= The mapping from the 3-bit subband spatial differential CQI
value to the offset level isshown in Table 7.2-2.

If the UE is configured with CRI reporting,

= |f aUE isconfigured in transmission mode 10 with a“'RI-
reference CSl process' ' for a CSl process, and the most
recent type 3 report for the CSl processis dropped, and a
type 3 report for the *'RI-reference CSI process' is reported
in the most recent RI reporting instance for the CSI process,
the selected precoding matrix and CQI for the CSI process
are calculated conditioned on the reported periodic RI for the

ETSI



3GPP TS 36.213 version 13.2.0 Release 13

(o]

(o]

129 ETSI TS 136 213 V13.2.0 (2016-08)

configured *'RI-reference CSl process'' in the most recent RI
reporting instance for the CSI process and the last reported
periodic CRI for the CSI process; otherwise the selected
precoding matrix and CQI are calculated conditioned on the
last reported periodic Rl and the last reported periodic CRI.

otherwise,

= |f aUEisconfigured in transmission mode 10 with a*'RI-
reference CSl process'' for a CSl process, and the most
recent type 3 report for the CSI processis dropped, and a
type 3 report for the *'RI-reference CSI process' is reported
in the most recent RI reporting instance for the CSl process,
the selected precoding matrix and CQI for the CSI process
are calculated conditioned on the reported periodic Rl for the
configured *'RI-reference CSl process'' in the most recent RI
reporting instance for the CSl process; otherwise the selected
precoding matrix and CQI are calculated conditioned on the
last reported periodic RI.

o otherwise,

(o]

Mode 2-1 description:

The UE shall select the preferred subband within the set of Nj

subbands in each of the J bandwidth parts where Jis givenin Table
7.2.2-2.

The UE shall report atype 1 report consisting of one CQI value
reflecting transmission only over the selected subband of a bandwidth
part determined in the previous step along with the corresponding
preferred subband L-bit label. A type 1 report for each bandwidth part
will in turn be reported in respective successive reporting
opportunities. The CQI represents channel quality for the first
codeword, even when RI>1.

For transmission mode 3 the preferred subband selection and CQI
values are calculated conditioned on the last reported periodic RI. For
other transmission modes they are calculated conditioned on
transmission rank 1. If the UE is configured with CRI reporting, the
preferred subband selection and CQI values are calculated
conditioned on the last reported periodic CRI.

In the subframe where RI is reported for transmission mode 4, transmission mode 8
except with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured, transmission
modes 9 and 10 with 2 CSI-RS ports, and transmission modes 9 and 10 with 4 CSI-RS
ports except with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured, and for
transmission modes 9 and 10 with higher layer parameter eMIMO-Type configured,
eMIMO-Type set to ‘CLASS B’, one CSI-RS resource configured, with higher layer
parameter alternativeCodebookEnabledCLASSB K1=TRUE:

e If aUEisconfigured with CRI reporting,

(0]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the RI for the CSI process shall be the
same asthe RI in the most recent CSl report comprising RI for the
configured 'RI-reference CSI process' irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands conditioned on the last reported
periodic CRI.

o otherwise,

(0]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the RI for the CSI process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CS| process irrespective of subframe setsif
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configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands.

e The UE shall report atype 3 report consisting of one RI.

= Inthe subframe where Rl and PTI are reported, for transmission modes 9 and 10 with 8
CSI-RS ports configured and higher layer parameter eMIMO-Type not configured, or
for transmission modes 9 and 10 with 8 CSI-RS ports or 4 CSI-RS ports with
alternativeCodeBookEnabledFor4TX-r12=TRUE in the selected CSI-RS resource and
UE is configured with CRI reporting, or for transmission modes 9 and 10 with 8 CS|-
RS ports configured and UE is configured with higher layer parameter eMIMO-Type,
and eMIMO-Typeisset to ‘CLASS B’, and one CSI-RS resource configured, and
except with higher layer parameter alter nativeCodebookEnabledCLASSB_K1=TRUE
configured, or for transmission modes 9 and 10 with higher layer parameter eMIMO-
Type configured, and eMIMO-Type set to ‘CLASS A’ ,or for transmission modes 8, 9
and 10 with alternativeCodeBookEnabledFor4TX-r12=TRUE configured without CRI
reporting then:

e If aUEisconfigured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for aCSl process, the RI for the CS| process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CSl process irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands conditioned on the last reported
periodic CRI.

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the PTI for the CSI process shall be
the same as the PTI in the most recent type 6 report for the configured
'Rl-reference CSl process; otherwise, the UE shall determine a
precoder type indication (PT1) conditioned on the last reported
periodic CRI.

e otherwise,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the RI for the CSI process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CSl process irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands.

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the PTI for the CSI process shall be
the same as the PTI in the most recent type 6 report for the configured
'Rl-reference CSl process’; otherwise, the UE shall determine a
precoder type indication (PTI).

e ThePTI for the CSI process shall be equal to 1 if the RI reported jointly with
the PTI is greater than 2 for transmission modes 8, 9, 10 with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured.

e The UE shall report atype 6 report consisting of one Rl and the PTI.

= Inthe subframe where Rl and CRI is reported for transmission modes 9 and 10 with
parameter eMIMO-Type configured by higher layers, and eMIMO-Typeis set to
‘CLASSB’, and the number of configured CSI-RS resources is more than one:

e A UE shall determine a CRI assuming transmission on set S subbands.

o If aUEisconfigured in transmission mode 10 with a'RI-reference CSI
process for a CSl process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, the UE
shall determine a Rl assuming transmission on set S subbands conditioned on
the reported CRI for the CSI process.

ETSI



3GPP TS 36.213 version 13.2.0 Release 13 131 ETSI TS 136 213 V13.2.0 (2016-08)

If each of the maximum number of portsin the configured CSI-RS resourcesis
2, or 4 except with alternativeCodeBookEnabledFor4TX-r12=TRUE
configured,

0 TheUE shal report atype 7 report consisting of one RI and one CRI.
otherwise,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the PTI for the CSl process shall be
the same as the PTI in the most recent type 6 report for the configured
'RI-reference CSl process’; otherwise, the UE shall determine a
precoder type indication (PT1) conditioned on the reported CRI for
the CSl process.

o If the configured CSI-RS resource corresponding to the determined
CRI comprises 2 CSI-RS ports or 4 CSI-RS ports except with
aternativeCodeBookEnabledFor4TX-r12=TRUE configured, PTI is
fixed to zero.

0 ThePTI for the CSI process shall be equal to 1 if the RI reported
jointly with the PT1 is greater than 2 for transmission modes 9, 10
with alternativeCodeBookEnabledFor4TX-r12=TRUE configured.

0 The UE shal report atype 9 report consisting of one CRI, RI, and the
PTI.

=  Inthe subframe where wideband CQI/PMI isreported for all transmission modes except

with

UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type
issetto ‘CLASSA’, or

8 CSI-RS ports configured for transmission modes 9 and 10, or with

alter nativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, if the UE is not configured with higher layer parameter
eMIMO-Type, or UE is configured with CRI reporting, or UE is configured
with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘ CLASS
B’, and one CSI-RS resource configured, and except with higher layer
parameter alternativeCodebookEnabledCLASSB K1=TRUE configured:

0 A single precoding matrix is selected from the codebook subset
assuming transmission on set S subbands.

0 A UE shall report atype 2 report on each respective successive
reporting opportunity consisting of:

= A wideband CQI value which is calculated assuming the use
of asingle precoding matrix in all subbands and transmission
on set Ssubbands.

=  Theselected single PMI (wideband PMI).

=  When RI>1, an additional 3-bit wideband spatial differential
CQI, whichisshownin Table 7.2-2.

If the UE is configured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 3 report for
the CSI processis dropped, and atype 3 report for the 'Rl-reference
CSl process isreported in the most recent RI reporting instance for
the CSI process, the PMI and CQI values for the CSl process are
calculated conditioned on the reported periodic RI for the configured
'RI-reference CSl process in the most recent RI reporting instance for
the CSI process and the last reported periodic CRI for the CSI
process, otherwise the PMI and CQI values are calculated conditioned
on the last reported periodic RI and the last reported periodic CRI.

ETSI



3GPP TS 36.213 version 13.2.0 Release 13 132 ETSI TS 136 213 V13.2.0 (2016-08)

e otherwise,
o0 For transmission modes 4, 8, 9 and 10,

= |f aUE isconfigured in transmission mode 10 with a'RI-
reference CS| process for a CSl process, and the most recent
type 3 report for the CSl processis dropped, and atype 3
report for the 'RI-reference CSI process is reported in the
most recent RI reporting instance for the CSI process, the
PMI and CQI values for the CSI process are calculated
conditioned on the reported periodic RI for the configured
'Rl-reference CSl process in the most recent RI reporting
instance for the CSI process; otherwise the PMI and CQI
values are calculated conditioned on the last reported
periodic RI.

0 For other transmission modes the PMI and CQI values are calculated
conditioned on transmission rank 1.

= Inthe subframe where the wideband first PM1 is reported for transmission modes 9 and
10 with 8 CSI-RS ports configured and higher layer parameter eMIMO-Type not
configured, or for transmission modes 9 and 10 with 8 CSI-RS ports or 4 CSI-RS ports
with alternativeCodeBookEnabledFor4TX-r12=TRUE in the selected CSI-RS resource
and UE is configured with CRI reporting, or for transmission modes 9 and 10 with 8
CSI-RS ports configured and UE is configured with higher layer parameter eMIMO-
Type, and eMIMO-Typeis set to ‘CLASS B’, and one CSI-RS resource configured, and
except with higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE
configured, or for transmission modes 9 and 10 with higher layer parameter eMIMO-
Type configured, and eMIMO-Type set to ‘CLASS A’, or for transmission modes 8, 9
and 10 with alternativeCodeBookEnabledFor4TX-r12=TRUE configured without CRI
reporting:
e A set of precoding matrices corresponding to the wideband first PMI is
selected from the codebook subset assuming transmission on set S subbands.

e A UE shal report atype 2areport on each respective successive reporting
opportunity consisting of the wideband first PMI corresponding to the selected
set of precoding matrices.

o If the UE isconfigured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSl processis dropped, and atype 6 report for the 'RI-reference
CSl process with PTI=0is reported in the most recent RI reporting
instance for the CSl process, the wideband first PM1 value for the CSI
processis calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSl process in the most recent RI reporting
instance for the CS| process and the last reported periodic CRI for the
CSl process; otherwise with the last reported PT1=0, the wideband
first PMI valueis calculated conditioned on the last reported periodic
RI and the last reported periodic CRI.

e otherwise,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSl processis dropped, and atype 6 report for the 'Rl -reference
CSl process with PT1=0 is reported in the most recent RI reporting
instance for the CSI process, the wideband first PMI value for the CSI
processis calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSl process in the most recent RI reporting
instance for the CSI process; otherwise with the last reported PTI=0,
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the wideband first PM1 value is calculated conditioned on the |ast
reported periodic RI.

=  Inthe subframe where wideband CQI/second PMI isreported, for transmission modes 9
and 10 with 8 CSI-RS ports configured and higher layer parameter eMIMO-Type not
configured, or for transmission modes 9 and 10 with 8 CSI-RS ports or 4 CSI-RS ports
with alternativeCodeBookEnabledFor4TX-r12=TRUE in the selected CSI-RS resource
and UE is configured with CRI reporting, or for transmission modes 9 and 10 with 8
CSI-RS ports configured and UE is configured with higher layer parameter eMIMO-
Type, and eMIMO-Typeis set to ‘CLASS B’, and one CSI-RS resource configured, and
except with higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE
configured, or for transmission modes 9 and 10 with higher layer parameter eMIMO-
Type configured, and eMIMO-Type set to ‘CLASS A’ ,or for transmission modes 8,9,
and 10 with alternativeCodeBookEnabledFor4TX-r 12=TRUE configured without CRI
reporting:

e A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e A UE shall report atype 2b report on each respective successive reporting
opportunity consisting of:

0 A wideband CQI value which is calculated assuming the use of the
selected single precoding matrix in al subbands and transmission on
set Ssubbands.

o Thewideband second PMI corresponding to the selected single
precoding matrix.

0 When RI>1, an additional 3-bit wideband spatial differential CQI,
which isshown in Table 7.2-2.

e |f the UE isconfigured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSI processis dropped, and atype 6 report for the 'RI-reference
CSl process with PTI=1 is reported in the most recent RI reporting
instance for the CS| process,

= The wideband second PMI value for the CSI processis
calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSI process in the most recent R
reporting instance for the CSl process and the last reported
wideband first PMI for the CSI process and the last reported
periodic CRI for the CS| process,

=  Thewideband CQI valueis calculated conditioned on the
selected precoding matrix for the CS| process and the
reported periodic RI for the configured 'Rl-reference CS
process in the most recent RI reporting instance for the CSl
process and the last reported periodic CRI for the CS
process.

0 Otherwise, with the last reported PTI=1,

=  The wideband second PMI valueis calculated conditioned on
the last reported periodic Rl and the wideband first PMI and
the last reported periodic CRI.

=  Thewideband CQI valueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI
and the last reported periodic CRI.

e otherwise,
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If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSI processis dropped, and atype 6 report for the 'Rl-reference
CSl process with PT1=1 isreported in the most recent RI reporting
instance for the CS| process,

The wideband second PMI value for the CSI processis
calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSI process in the most recent RI
reporting instance for the CSI process and the last reported
wideband first PMI for the CSI process,

The wideband CQI valueis calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'Rl-reference CSI
process in the most recent RI reporting instance for the CSI
process.

Otherwise, with the last reported PT1=1,

The wideband second PMI valueis calculated conditioned on
the last reported periodic RI and the wideband first PMI.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI.

If the last reported first PMI was computed under an RI assumption that differs
from the last reported periodic RI, or in the absence of alast reported first PMI,
the conditioning of the second PMI value is not specified.

= Inthe subframe where CQI for the selected subband is reported for al transmission
modes except with

UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type
issetto ‘CLASSA’, or

8 CSI-RS ports configured for transmission modes 9 and 10, or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, if the UE is not configured with higher layer parameter
eMIMO-Type, or UE is configured with CRI reporting, or UE is configured
with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘ CLASS
B’, and one CSI-RS resource configured, and except with higher layer
parameter alternativeCodebookEnabledCLASSB_K1=TRUE configured:

The UE shall select the preferred subband within the set of N;
subbands in each of the J bandwidth parts where Jis givenin Table

(0]

7.2.2-2.

The UE shall report atype 1 report per bandwidth part on each
respective successive reporting opportunity consisting of:

CQI value for codeword 0 reflecting transmission only over
the selected subband of a bandwidth part determined in the
previous step along with the corresponding preferred
subband L-bit label.

When RI>1, an additional 3-bit subband spatial differential
CQI value for codeword 1 offset level

e Codeword 1 offset level = subband CQI index for
codeword 0 — subband CQI index for codeword 1.

e Assuming the use of the most recently reported
single precoding matrix in all subbands and
transmission on the selected subband within the
applicable bandwidth part.
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= The mapping from the 3-bit subband spatial differential CQI
value to the offset level isshown in Table 7.2-2.

e If the UEis configured with CRI reporting,

o FIf aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 3 report for
the CSl processis dropped, and atype 3 report for the 'Rl -reference
CSl process is reported in the most recent RI reporting instance for
the CSl process, the subband selection and CQI values for the CS
process are calculated conditioned on the last reported periodic
wideband PMI for the CSl process and the reported periodic RI for
the configured 'RI-reference CSl process in the most recent RI
reporting instance for the CSI process and the last reported periodic
CRI for the CSl process; otherwise the subband selection and CQI
values are calculated conditioned on the last reported periodic
wideband PMI, Rl and CRI.

o otherwise,
o0 For transmission modes 4, 8, 9 and 10,

= |f aUE isconfigured in transmission mode 10 with a'RI-
reference CSl process for a CSl process, and the most recent
type 3 report for the CSI processis dropped, and atype 3
report for the 'RI-reference CSI process is reported in the
most recent RI reporting instance for the CSI process, the
subband selection and CQI values for the CS| process are
calculated conditioned on the last reported periodic
wideband PM1 for the CSI process and the reported periodic
RI for the configured 'RI-reference CS| process' in the most
recent RI reporting instance for the CSl process; otherwise
the subband selection and CQI values are calculated
conditioned on the last reported periodic wideband PMI and
RI.

o0 For other transmission modes the subband selection and CQI values
are calculated conditioned on the last reported PMI and transmission
rank 1.

=  Inthe subframe where wideband CQI/second PMI isreported, for transmission modes 9
and 10 with 8 CSI-RS ports configured and higher layer parameter eMIMO-Type not
configured, or for transmission modes 9 and 10 with 8 CSI-RS ports configured and UE
is configured with CRI reporting, or for transmission modes 9 and 10 with 8 CSI-RS
ports or 4 CSI-RS ports with alter nativeCodeBookEnabledFor4TX-r12=TRUE in the
selected CSI-RS resource and UE is configured with higher layer parameter eMIMO-
Type, and eMIMO-Typeis set to ‘CLASS B’, and one CSI-RS resource configured, and
except with higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE
configured, or for transmission modes 9 and 10 with higher layer parameter eMIMO-
Type configured, and eMIMO-Type set to ‘CLASS A’ ,or for transmission modes 8, 9
and 10 with alternativeCodeBookEnabledFor4TX-r 12=TRUE configured without CRI
reporting:

e A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e The UE shall report atype 2b report on each respective successive reporting
opportunity consisting of:

0 A wideband CQI value which is calculated assuming the use of the
selected single precoding matrix in al subbands and transmission on
set Ssubbands.
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0 Thewideband second PMI corresponding to the selected single
precoding matrix.

0 When RI>1, an additional 3-bit wideband spatial differential CQI,
which isshownin Table 7.2-2.

If the UE is configured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSI processis dropped, and atype 6 report for the 'Rl-reference
CSl process with PT1=0 is reported in the most recent RI reporting
instance for the CS| process,

The wideband second PMI value for the CSI processis
calculated conditioned on the reported periodic RI for the
configured 'Rl-reference CSI process in the most recent RI
reporting instance for the CSI process and the last reported
wideband first PMI for the CSI process and the last reported
periodic CRI for the CS| process.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'Rl-reference CSI
process in the most recent RI reporting instance for the CSI
process and the last reported periodic CRI for the CS
process.

0 otherwise, with the last reported PT1=0,

otherwise,

The wideband second PMI valueis calculated conditioned on
the last reported periodic Rl and the wideband first PMI and
the last reported periodic CRI.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI
process and the last reported periodic CRI.

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CS| process, and the most recent type 6 report for
the CSI processis dropped, and atype 6 report for the 'Rl-reference
CSl process with PT1=0 is reported in the most recent RI reporting
instance for the CSI process,

The wideband second PMI value for the CSI processis
calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSI process in the most recent RI
reporting instance for the CSI process and the last reported
wideband first PMI for the CSI process.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'Rl-reference CS|
process in the most recent RI reporting instance for the CSI
process.

0 Otherwise, with the last reported PTI=0,

The wideband second PM1 value is calculated conditioned on
the last reported periodic Rl and the wideband first PMI.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI.
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o If thelast reported first PMI was computed under an RI assumption that differs
from the last reported periodic RI, or in the absence of alast reported first PMI,
the conditioning of the second PMI value is not specified.

= |n the subframe where subband CQI/second PMI for the selected subband is reported,
for transmission modes 9 and 10 with 8 CSI-RS ports or 4 CSI-RS ports with
alternativeCodeBookEnabledFor4TX-r12=TRUE in the selected CSI-RS resource and
higher layer parameter eMIMO-Type not configured, or for transmission modes 9 and
10 with 8 CSI-RS ports configured and UE is configured with CRI reporting, or for
transmission modes 9 and 10 with 8 CSI-RS ports configured and UE is configured with
higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASSB’, and one
CSI-RS resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured, or for transmission
modes 9 and 10 with higher layer parameter eMIMO-Type configured, and eMIMO-
Type set to ‘CLASS A’ ,or for transmission modes 8, 9 and 10 with
alter nativeCodeBookEnabledFor4TX-r12=TRUE configured without CRI reporting:

e The UE shall select the preferred subband within the set of N; subbands in each
of the J bandwidth parts where Jis givenin Table 7.2.2-2.

e The UE shall report atype lareport per bandwidth part on each respective
successive reporting opportunity consisting of:

0 CQI valuefor codeword O reflecting transmission only over the
selected subband of a bandwidth part determined in the previous step
aong with the corresponding preferred subband L-bit 1abel.

0o When RI>1, an additional 3-bit subband spatial differential CQI value
for codeword 1 offset level

= Codeword 1 offset level = subband CQI index for codeword O
—subband CQI index for codeword 1.

= Assuming the use of the precoding matrix corresponding to the
selected second PMI and the most recently reported first PMI
and transmission on the selected subband within the applicable
bandwidth part.

0 The mapping from the 3-bit subband spatial differential CQI value to
the offset level is shown in Table 7.2-2.

0 A second PMI of the preferred precoding matrix selected from the
codebook subset assuming transmission only over the selected
subband within the applicable bandwidth part determined in the
previous step.

o If the UEisconfigured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSI processis dropped, and atype 6 report for the 'RI-reference
CSl process with PTI=1 isreported in the most recent RI reporting
instance for the CS| process,

= The subband second PMI values for the CSl process are
calculated conditioned on the reported periodic RI for the
configured 'Rl-reference CSI process in the most recent RI
reporting instance for the CSI process and the last reported
wideband first PMI for the CSI process and the last reported
periodic CRI for the CSI process.

=  The subband selection and CQI values are calculated
conditioned on the selected precoding matrix for the CS
process and the reported periodic RI for the configured 'RI-
reference CSl process in the most recent RI reporting
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instance for the CSI process and the last reported periodic
CRI for the CSI process.

0 Otherwise, with the last reported PT1=1

e otherwise,

The subband second PMI values are cal culated conditioned
on the last reported periodic Rl and the wideband first PMI
and the last reported periodic CRI.

The subband selection and CQI values are calculated
conditioned on the selected precoding matrix and the last
reported periodic RI and the last reported periodic CRI.

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CS| process, and the most recent type 6 report for
the CSl processis dropped, and atype 6 report for the 'RI-reference
CSl process with PT1=1 isreported in the most recent RI reporting
instance for the CS| process,

The subband second PMI values for the CSI process are
calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSI process in the most recent R
reporting instance for the CSl process and the last reported
wideband first PMI for the CSI process.

The subband selection and CQI values are calculated
conditioned on the selected precoding matrix for the CS|
process and the reported periodic RI for the configured 'RI-
reference CSl process in the most recent RI reporting
instance for the CS| process.

0 Otherwise, with the last reported PTI=1

The subband second PMI values are cal culated conditioned
on the last reported periodic Rl and the wideband first PMI.

The subband selection and CQI values are calculated
conditioned on the selected precoding matrix and the last
reported periodic RI.

o If thelast reported first PMI was computed under an RI assumption that differs
from the last reported periodic RI, or in the absence of alast reported first PMI,
the conditioning of the second PMI value is not specified.

Table 7.2.2-2: Subband Size (k) and Bandwidth Parts (J) vs. Downlink System Bandwidth

System Bandwidth NRg | Subband Size k (RBs) | Bandwidth Parts (J)
6—7 NA NA
8-10 4 1
11-26 4 2
27-63 6 3
64 — 110 8 4

For a BL/CE UE, the periodic CSI reporting modes are described as following:

- Wideband feedback
0 Mode 1-0 description:

= Inthe subframe where CQI is reported:
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e A UE shall report atype 4 report consisting of one wideband CQI value which is
calculated assuming transmission on all narrowband(s) in the CSI reference
resource. The wideband CQI is calculated conditioned on transmission rank 1.

0 Mode 1-1 description:

= Inthe subframe where CQI/PMI is reported:

e A single precoding matrix is selected from the codebook subset assuming
transmission on all narrowband(s) in the CSI reference resource. The PMI is
calculated conditioned on transmission rank 1.

e A UE shal report atype 2 report consisting of

0 A singlewideband CQI value which is calculated assuming the use of a
single precoding matrix in al narrowband(s) in the CSI reference resource
and transmission on al narrowband(s) in the CSl reference resource. The
wideband CQI is calculated conditioned on transmission rank 1.

0 The selected single PMI (wideband PMI).

If parameter ttiBundling provided by higher layersis set to TRUE and if an UL-SCH in subframe bundling operation
collides with a periodic CSI reporting instance, then the UE shall drop the periodic CSI report of a given PUCCH
reporting type in that subframe and shall not multiplex the periodic CSl report payload in the PUSCH transmission in
that subframe. A UE is not expected to be configured with simultaneous PUCCH and PUSCH transmission when UL-
SCH subframe bundling is configured.
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Table 7.2.2-3: PUCCH Reporting Type Payload size per PUCCH Reporting Mode and Mode State

PUCCH

PUCCH Reporting Modes

. M 1-1 | M 2-1 | M 1- M 2-
Reporting Reported Mode State 9de . 9de . (.)de ? 9de ?
Type (bits/BP (bits/BP (bits/BP (bits/BP
) ) ) )
L Sub-band RI=1 NA 4+L NA ::|I__1
CQl RI>1 NA 7+L NA 7412
8 antenna ports or 8/12/16 antenna ports with
codebookConfig={2,3,4}, Rl = 1 NA 8+L NA NA
8 antenna ports or 8/12/16 antenna ports with
codebookConfig={2,3,4}, 1 <RI <5 NA oL NA NA
8 antenna ports or 8/12/16 antenna ports with
codebookConfig={1,2,3,4} RI > 4 NA L NA NA
Sub-band CQI 8/12/16 antenna ports with codebookConfig=1,
1a / second PMI RI=1 NA 6+ NA NA
8/12/16 antenna port;lviltg codebookConfig=1, NA 0+l NA NA
8/12/16 antenna ports with codebookConfig=1, NA 8+l NA NA
2<RI<5
4 antenna ports RI=1 NA 8+L NA NA
4 antenna ports 1<RI<4 NA 9+L NA NA
2 antenna ports Rl = 1 6 6 NA NA
4 antenna ports RI = 1, Note® 8 8 NA NA
2 antenna ports RI > 1 8 8 NA NA
4 antenna ports RI > 1, Note® 11 11 NA NA
4 antenna ports RI = 1, Note® 7 7 NA NA
2 Wideband 4 antenna ports Rl = 2, Note® 10 10 NA NA
CQI/PMI 4 antenna ports RI = 3, Note® 9 9 NA NA
4 antenna ports RI = 4, Note® 8 8 NA NA
8 antenna ports RI =1 8 8 NA NA
8 antenna ports 1<RI<4 11 11 NA NA
8 antenna ports Rl = 4 10 10 NA NA
8 antenna ports Rl > 4 7 7 NA NA
8 antenna ports RI <3 NA 4 NA NA
8 antenna ports 2 <RI < 8 NA 2 NA NA
8 antenna ports RI = 8 NA 0 NA NA
. 4 antenna ports 1<RI<2 NA 4 NA NA
Wideband
2a first PMI 4 antenna ports 2<RI<4 NA NA NA NA
8/12/16 antenna ports with codebookConfig=1, Note® Note® NA NA
1<RI<8
8/12/16 antenna ports with 4 4
codebookConfig={2,3,4} Note Note NA NA
8 antenna ports or 8/12/16 antenna ports with
codebookConfig ={2,3,4}, RI =1 8 8 NA NA
8 antenna ports or 8/12/16 antenna ports with
codebookConfig ={2,3,4}, L <RI < 4 1 1 NA NA
8 antenna ports or 8/12/16 antenna ports with
codebookConfig = {2,3,4}, RI=4 10 10 NA NA
8 antenna ports or 8/12/16 antenna ports with 7 7 NA NA
2b Wideband CQI codebookConfig = {1,2,3,4}, RI > 4
/ second PMI 4 antenna ports RI=1 8 8 NA NA
4 antenna port 1<RI<4 11 11 NA NA
8/12/16 antenna port;lvilt;? codebookConfig=1, 6 6 NA NA
8/12/16 antenna p0r§|vilt2 codebookConfig=1, 9 9 NA NA
8/12/16 antenna ports with codebookConfig=1,
2<RI<5 8 8 NA NA
8 antenna ports RI =1 8 NA NA NA
. 8 antenna ports 1 <RI <4 11 NA NA NA
W|de_band cQl 8 antenna ports 4 <RI <7 9 NA NA NA
2c / first PMI
8 antenna ports RI =8 7 NA NA NA
/ second PMI
4 antenna ports RI=1 8 NA NA NA
4 antenna port 1<RI<4 11 NA NA NA
2/4 antenna ports, 2-layer spatial multiplexing 1 1 1 1
1 1
8 antenna ports, 2-layer spatial multiplexing 1 NA Nlé NlAz
3 RI 4 antenna ports, 4-layer spatial multiplexing 2 2 2 2
. o NA' NA'
8 antenna ports, 4-layer spatial multiplexing 2 NA 22 22
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1 1
8-layer spatial multiplexing 3 NA ngz‘ N:?
12/16 antenna p_orts,.Z-Iayer spatial 1 NA NA NA
multiplexing
12/16 antenna p_orts,.4-layer spatial 2 NA NA NA
multiplexing
12/16 antenna p'orts,'8-layer spatial 3 NA NA NA
multiplexing
Rl =1 or RI>1, without PMI/RI reporting NA NA 4 4
4 Wideband CQI RI = 1 without PMI reporting NA NA 4 4
RI>1 without PMI reporting NA NA 7 7
8 antenna ports, 2-layer spatial multiplexing 4
8 antenna ports, 4 and 8-layer spatial 5
5 RI/ first PMI multiplexing NA NA NA
4 antenna ports, 2-layer spatial multiplexing 4
4 antenna ports, 4-layer spatial multiplexing 5
8 antenna ports, 2-layer spatial multiplexing NA 2 NA NA
6 RI/PTI 8 antenna ports, 4-layer spatial multiplexing NA 3 NA NA
8 antenna ports, 8-layer spatial multiplexing NA 4 NA NA
4 antenna ports, 2-layer spatial multiplexing NA 2 NA NA
4 antenna ports, 4-layer spatial multiplexing NA 3 NA NA
2-layer spatial multiplexing k+1 k+1 k+1 k+1
7 CRI/RI 4-layer spatial multiplexing k+2 k+2 k+2 k+2
8-layer spatial multiplexing k+3 k+3 k+3 k+3
. 2-layer spatial multiplexing k+4 NA NA NA
8 CRI/RIffirst PMI 4 and 8-layer spatial multiplexing k+5 NA NA NA
2-layer spatial multiplexing NA k+2 NA NA
9 CRI/RI/PTI 4-layer spatial multiplexing NA k+3 NA NA
8-layer spatial multiplexing NA k+4 NA NA
10 CRI Without PMI/RI reporting NA NA k k

NOTE : For wideband CQI reporting types, the stated payload size applies to the full bandwidth.
NOTE 1: Without PMI/RI reporting

NOTE 2: Without PMI reporting k :’—Iogz(K)-‘ where K is the number of configured CSI-RS resources

NOTE 3: Sum of Wideband first PMI i1,1 bit width and Wideband first PMI i1,2 bit width in Table 5.2.3.3.2-3B-1 of [4]
with PTI=0

NOTE 4: Sum of Wideband first PMI i1,1 bit width and Wideband first PMI i1,2 bit width in Table 5.2.3.3.2-3B-2 of [4]
with PTI=0

NOTE 5: Not configured with parameter eMIMO-Type by higher-layers

NOTE 6: Configured with parameter eMIMO-Type by higher-layers
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7.2.3 Channel Quality Indicator (CQI) definition

The CQI indices and their interpretations are given in Table 7.2.3-1 for reporting CQI based on QPSK, 16QAM and
64QAM. The CQI indices and their interpretations are given in Table 7.2.3-2 for reporting CQI based on QPSK,
16QAM, 64QAM and 256QAM. The CQI indices and their interpretations are given in Table 7.2.3-3 for reporting CQI
based on QPSK and 16QAM.

For anon-BL/CE UE, based on an unrestricted observation interval in time unless specified otherwise in this subclause,
and an unrestricted observation interval in frequency, the UE shall derive for each CQI value reported in uplink
subframe n the highest CQI index between 1 and 15in Table 7.2.3-1 or Table 7.2.3-2 which satisfies the following
condition, or CQI index 0 if CQI index 1 does not satisfy the condition:

- A single PDSCH transport block with a combination of modulation scheme and transport block size
corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI
reference resource, could be received with atransport block error probability not exceeding 0.1.

For aBL/CE UE, based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI
value the highest CQI index between 1 and 10 in Table 7.2.3-3 which satisfies the following condition, or CQI index O
if CQI index 1 does not satisfy the condition:

- A single PDSCH transport block with a combination of modulation scheme and transport block size
corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI
reference resource, could be received with atransport block error probability not exceeding 0.1.

If CSI subframe sets Ccg o and Ccg 1 are configured by higher layers, each CSI reference resource belongsto either
Ccsio or Ccg 1 but not to both. When CSI subframe sets Ccg o and Ccg 1 are configured by higher layersa UE

is not expected to receive atrigger for which the CSl reference resource is in subframe that does not belong to either
subframe set. For a UE in transmission mode 10 and periodic CSI reporting, the CSI subframe set for the CSI reference
resource is configured by higher layers for each CSl process.

For a UE in transmission mode 9 when parameter pmi-RI-Report is configured by higher layers and parameter eMIMO-
Typeis not configured by higher layers, the UE shall derive the channel measurements for computing the CQI value
reported in uplink subframe n based on only the Channel-State Information (CSl) reference signals (CSI-RS) defined in
[3] for which the UE is configured to assume non-zero power for the CSI-RS. For anon-BL/CE UE in transmission
mode 9 when the parameter pmi-RI-Report is not configured by higher layers or in transmission modes 1-8 the UE shall
derive the channel measurements for computing CQI based on CRS. For a BL/CE UE the UE shall derive the channel
measurements for computing CQI based on CRS.

For a UE in transmission mode 10, when parameter eMIMO-Typeis not configured by higher layers, the UE shall
derive the channel measurements for computing the CQI value reported in uplink subframe n and corresponding to a
CSl process, based on only the non-zero power CSI-RS (defined in [3]) within a configured CSI-RS resource associated
with the CSI process.

For a UE in transmission mode 9 and the UE configured with parameter eMIMO-Type by higher layers, the term ‘ CSI
process' in this clause refersto the CSI configured for the UE.

For a UE in transmission mode 9 or 10 and for a CSl process, if the UE is configured with parameter eMIMO-Type by
higher layers, and eMIMO-Typeisset to ‘CLASS A’, and one CSI-RS resource configured, or the UE is configured
with parameter eMIMO-Type by higher layers, and eMIMO-Typeisset to ‘CLASS B’, and parameter
channelMeasRestriction is not configured by higher layers, the UE shall derive the channel measurements for
computing the CQI value reported in uplink subframe n and corresponding to the CSI process, based on only the non-
zero power CSI-RS (defined in [3]) within a configured CSI-RS resource associated with the CSI process. If the UE is
configured with parameter eMIMO-Type by higher layers, and eMIMO-Typeisset to ‘CLASS B’ and the number of
configured CSI-RS resourcesis K>1, and parameter channelMeasRestriction is not configured by higher layers, the UE
shall derive the channel measurements for computing the CQI value using only the configured CSI-RS resource
indicated by the CRI.

For a UE in transmission mode 9 or 10 and for a CSl process, if the UE is configured with parameter eMIMO-Type by
higher layers, and eMIMO-Typeis set to ‘CLASS B’, and parameter channelMeasRestriction is configured by higher
layers, the UE shall derive the channel measurements for computing the CQI value reported in uplink subframe n and
corresponding to the CSl process, based on only the most recent, no later than the CSl reference resource, non-zero
power CSI-RS (defined in [3]) within a configured CSI-RS resource associated with the CSI process. If the UE is
configured with parameter eMIMO-Type by higher layers, and eMIMO-Typeisset to ‘CLASS B’ and the number of
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configured CSI-RS resources is K>1, and parameter channelMeasRestriction is configured by higher layers, the UE
shall derive the channel measurements for computing the CQI value using only the most recent, no later than the CSI
reference resource, non-zero power CSI-RS within the configured CSI-RS resource indicated by the CRI.

For a UE in transmission mode 10, when parameter eMIMO-Type is not configured by higher layers, the UE shall
derive the interference measurements for computing the CQI value reported in uplink subframe n and corresponding to
a CSl process, based on only the configured CSI-IM resource associated with the CSI process.

For a UE in transmission mode 10 and for a CSl process, when parameters eMIMO-Type and
interferenceMeasRestriction is configured by higher layers, the UE shall derive the interference measurements for
computing the CQI value reported in uplink subframe n and corresponding to the CSI process, based on only the most
recent, no later than the CSl reference resource, configured CSI-IM resource associated with the CSI process. If the UE
is configured with parameter eMIMO-Type by higher layers, and eMIMO-Typeis set to ‘CLASS B’ and the number of
configured CSI-RS resources is K>1, and interferenceMeasRestriction is configured, the UE shall derive interference
measurement for computing the CQI value based on only the most recent, no later than the CSl reference resource, the
configured CSI-IM resource associated with the CSI-RS resource indicated by the CRI. If interferenceMeasRestriction
is not configured, the UE shall derive the interference measurement for computing the CQI value based on the CSI-IM
associated with the CSI-RS resource indicated by the CRI.

If the UE in transmission mode 10 is configured by higher layers for CSI subframe sets Ccg o and Ccg 1 for the CSI

process, the configured CSI-IM resource within the subframe subset belonging to the CSI reference resource is used to
derive the interference measurement.

For a UE configured with the parameter EIMTA-MainConfigServCell-r12 for a serving cell, configured CSI-IM
resource(s) within only downlink subframe(s) of aradio frame that are indicated by UL/DL configuration of the serving
cell can be used to derive the interference measurement for the serving cell.

For aLAA Scell,
- for channel measurements, if the UE averages CRS/CSI-RS measurements from multiple subframes

- the UE should not average CSI-RS measurement in subframe nl with CSI-RS measurement in alater
subframe n2, if any OFDM symbol of subframe nl or any subframe from subframe n1+1 to subframe n2, is
not occupied.

- the UE should not average CRS measurement in subframe nl1 with CRS measurement in alater subframe n2,
if any OFDM symbol of the second slot of subframe nl or any OFDM symbol of any subframe from
subframe n1+1 to subframe n2-1, or any of the first 3 OFDM symbolsin subframe n2, is not occupied.

- for interference measurements, the UE shall derive the interference measurements for computing the CQI value
based on only measurements in subframes with occupied OFDM symbols.

A combination of modulation scheme and transport block size corresponds to a CQI index if:

- the combination could be signalled for transmission on the PDSCH in the CSl reference resource according to
the relevant Transport Block Size table, and

- the modulation scheme isindicated by the CQI index, and

- the combination of transport block size and modulation scheme when applied to the reference resource resultsin
the effective channel code rate which isthe closest possible to the code rate indicated by the CQI index. If more
than one combination of transport block size and modulation scheme results in an effective channel code rate
equally close to the code rate indicated by the CQI index, only the combination with the smallest of such
transport block sizesis relevant.

The CSl reference resource for aserving cell is defined as follows:

- For anon-BL/CE UE, in the frequency domain, the CSI reference resource is defined by the group of downlink
physical resource blocks corresponding to the band to which the derived CQI value relates. For aBL/CE UE, in
the frequency domain, the CSI reference resource includes all downlink physical resource blocks for any of the
narrowband to which the derived CQI value relates.

- Inthetime domain and for anon-BL/CE UE,
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- for aUE configured in transmission mode 1-9 or transmission mode 10 with a single configured CSI process
for the serving cell, the CSI reference resource is defined by asingle downlink or specia subframe n-ncg e,

where for periodic CSl reporting el e iSthe smallest value greater than or equal to 4, such that it
corresponds to avalid downlink or valid special subframe,

where for aperiodic CSI reporting, if the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-ri2,.

- Ncg e ISSUch that the reference resource isin the same valid downlink or valid special subframe as
the corresponding CSI request in an uplink DCI format.

- Ncg e iS€qud to 4 and subframe n-ncg e COrresponds to a valid downlink or valid specid
subframe, where subframe n-ncq . IS received after the subframe with the corresponding CSI request
in a Random Access Response Grant.

where for aperiodic CSI reporting, and the UE configured with the higher layer parameter csi-
SubframePatternConfig-ri2,

- for the UE configured in transmission mode 1-9,

- Ncg e iSthe smallest value greater than or equal to 4 and subframe n-ngq 1« COrrespondsto a
valid downlink or valid special subframe, where subframe n-ncq, « isreceived on or after the
subframe with the corresponding CSI request in an uplink DCI format;

- Ncg et iSthe smallest value greater than or equal to 4, and subframe n-ncq ¢ Correspondsto a
valid downlink or valid special subframe, where subframe n-ncq & isreceived after the subframe
with the corresponding CSl request in an Random Access Response Grant;

- if thereisno valid value for neq &« based on the above conditions, then neg & 1S the smallest
value such that the reference resource isin avalid downlink or valid special subframe n-ncq; e
prior to the subframe with the corresponding CSI request, where subframe n-ncq ¢  is the lowest
indexed valid downlink or valid special subframe within aradio frame;

- for the UE configured in transmission mode 10,

- Ncg e iSthe smallest value greater than or equal to 4, such that it correspondsto avalid
downlink or valid special subframe, and the corresponding CSI request isin an uplink DCI format;

- Ncg et iSthe smallest value greater than or equal to 4, and subframe n-ncq ¢ Correspondsto a
valid downlink or valid special subframe, where subframe n-ncq & isreceived after the subframe
with the corresponding CSl request in a Random Access Response Grant;

- for aUE configured in transmission mode 10 with multiple configured CSI processes for the serving cell, the
CSl reference resource for a given CSl processis defined by asingle downlink or special subframe n-nco; rer,

where for FDD serving cell and periodic or aperiodic CSl reporting neoi e IS the smallest value greater
than or equal to 5, such that it corresponds to avalid downlink or valid special subframe, and for
aperiodic CSI reporting the corresponding CSI request isin an uplink DCI format;

where for FDD serving cell and aperiodic CSI reporting neg e« s equal to 5 and subframe n-neg; ref
corresponds to a valid downlink or valid special subframe, where subframe n-ncq ¢ is received after the
subframe with the corresponding CSI request in a Random A ccess Response Grant.

where for TDD serving cell, and 2 or 3 configured CSI processes, and periodic or aperiodic CS
reporting, Ncq e 1S the smallest value greater than or equal to 4, such that it corresponds to avalid
downlink or valid special subframe, and for aperiodic CSI reporting the corresponding CSI reguest isin
an uplink DCI format;

where for TDD serving cell, and 2 or 3 configured CSI processes, and aperiodic CSI reporting, Neo rer 1S
equal to 4 and subframe n-ncq ¢ correspondsto avalid downlink or valid special subframe, where
subframe n-ncq ¢ IS received after the subframe with the corresponding CSI request in a Random
Access Response Grant;

where for TDD serving cell, and 4 configured CSI processes, and periodic or aperiodic CSl reporting,
Ncal re 1Sthe smallest value greater than or equal to 5, such that it corresponds to avalid downlink or
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valid specia subframe, and for aperiodic CSI reporting the corresponding CSI request isin an uplink DCI
format;

where for TDD serving cell, and 4 configured CSI processes, and aperiodic CSI reporting, Negi rer IS
equal to 5 and subframe n-neg, &  corresponds to avalid downlink or valid special subframe, where
subframe n-neqi IS received after the subframe with the corresponding CSI request in a Random
Access Response Grant.

- Inthetime domain and for a BL/CE UE, the CSI reference resource is defined by a set of BL/CE downlink or
special subframes where the last subframe is subframe n-negy rer,

where for periodic CSI reporting Neq e 15> 4;
where for aperiodic CSI reporting Nco e 1S> 4,
where each subframe in the CS| reference resource is a valid downlink or valid special subframe;

where for wideband CSI reports:

- The set of BL/CE downlink or special subframes is the set of the last ceiI(RCS' / N,ﬁ,rg'i;p) subframes
before n-ncq ¢ used for MPDCCH monitoring by the BL/CE UE in each of the narrowbands where
the BL/CE UE monitors MPDCCH, where N ,ffg?]';p is the number of narrowbands where the BL/CE

UE monitors MPDCCH.

where for subband CSl reports:

- Theset of BL/CE downlink or special subframesis the set of the last R subframes used for
MPDCCH monitoring by the BL/CE UE in the corresponding narrowband before n-ncg; rer ;

where R™ is given by the higher layer parameter csi-NumRepetitionCE.

A subframein a serving cell shall be considered to be avalid downlink or avalid specia subframeif:

it is configured as a downlink subframe or a specia subframe for that UE, and

in case multiple cells with different uplink-downlink configurations are aggregated and the UE is not
capable of simultaneous reception and transmission in the aggregated cells, the subframe in the primary
cell isadownlink subframe or a special subframe with the length of DWPTS more than 7680- T, and

except for anon-BL/CE UE in transmission mode 9 or 10, it is hot an MBSFN subframe, and

it does not contain a DWPT S field in case the length of DWPTSis 7680- T, and less, and

it does not fall within a configured measurement gap for that UE, and

for periodic CSl reporting, it isan element of the CSI subframe set linked to the periodic CSI report when
that UE is configured with CSI subframe sets, and

for a UE configured in transmission mode 10 with multiple configured CSI processes, and aperiodic CSI
reporting for a CSl process, it is an element of the CS| subframe set linked to the downlink or special
subframe with the corresponding CSI request in an uplink DCI format, when that UE is configured with
CSl subframe sets for the CSI process and UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12, and

for a UE configured in transmission mode 1-9, and aperiodic CSl reporting, it is an element of the CSl
subframe set associated with the corresponding CSl request in an uplink DCI format, when that UE is
configured with CSl subframe sets by the higher layer parameter csi-SubframePatternConfig-r12, and

for a UE configured in transmission mode 10, and aperiodic CSl reporting for a CSl process, it isan
element of the CSl subframe set associated with the corresponding CSl request in an uplink DCI format,
when that UE is configured with CSI subframe sets by the higher layer parameter csi-
SubframePatternConfig-ri2 for the CSI process.
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- exceptif theserving cell isaLAA Scell, and at least one OFDM symbol in the subframe is not occupied.
- exceptif the serving cell isaLAA Scell, and n; # N, as described in sub clause 6.10.1.1in [3].

- except if the serving cell isaLAA Scell, and for a UE configured in transmission mode 9 or 10, the
configured CSI-RS resource associated with the CSI processis not in the subframe.

For anon-BL/CE UE, if thereis no valid downlink or no valid special subframe for the CSl reference resource in

aserving cell, CSl reporting is omitted for the serving cell in uplink subframe n.

In the layer domain, the CSl reference resource is defined by any RI and PMI on which the CQI is conditioned.

In the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also
configured, PMI and RI:
Thefirst 3 OFDM symbols are occupied by control signalling

No resource elements used by primary or secondary synchronization signals or PBCH or EPDCCH

CP length of the non-MBSFN subframes

Redundancy Version 0

If CSI-RSis used for channel measurements, the ratio of PDSCH EPRE to CSI-RS EPRE isas given in
subclause 7.2.5

For transmission mode 9 CSl reporting of a non-BL/CE UE:

CRS REs are asin non-MBSFN subframes;

If the UE is configured for PMI/RI reporting or without PMI reporting, the UE-specific reference signal
overhead is consistent with the most recent reported rank if more than one CSI-RS port is configured, and is
consistent with rank 1 transmission if only one CSI-RS port is configured; and PDSCH signals on antenna

ports {7...6+ v} for v layerswould result in signals equivalent to corresponding symbols transmitted on
y* (i) X (i)
antennaports {15...14+ P}, asgiven by : =W(i) : , where
y(l4+P) (|) X(vfl) (|)

x(i) = [x(o) (i .. x? (i)]r isavector of symbols from the layer mapping in subclause 6.3.3.2 of [3],
Pe{1,2,4,812,16} is the number of CSI-RS ports configured, and if only one CSI-RS port is configured,
W(i)is 1, otherwise for UE configured for PMI/RI reporting W (i) is the precoding matrix corresponding to
the reported PM| applicableto X(i) and for UE configured without PMI reporting W (i) is the selected
precoding matrix corresponding to the reported CQI applicableto X(i) . The corresponding PDSCH signals
transmitted on antenna ports {15...14+ P} would have aratio of EPRE to CSI-RS EPRE equal to the
ratio given in subclause 7.2.5.

For transmission mode 10 CSl reporting, if a CSl process is configured without PMI/RI reporting:

If the number of antenna ports of the associated CSI-RS resource is one, a PDSCH transmission is on single-
antenna port, port 7. The channel on antenna port { 7} isinferred from the channel on antenna port { 15} of
the associated CSI-RS resource.

- CRSREsareasin non-MBSFN subframes. The CRS overhead is assumed to be the same as the CRS
overhead corresponding to the number of CRS antenna ports of the serving cell;

- The UE-specific reference signal overhead is 12 REs per PRB pair.
Otherwise,

- If the number of antenna ports of the associated CSI-RS resourceis 2, the PDSCH transmission scheme
assumes the transmit diversity scheme defined in subclause 7.1.2 on antenna ports { 0,1} except that the
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channels on antenna ports{ 0,1} are inferred from the channels on antenna port { 15, 16} of the associated
CSl resource respectively.

- If the number of antenna ports of the associated CSI-RS resourceis 4, the PDSCH transmission scheme
assumes the transmit diversity scheme defined in subclause 7.1.2 on antenna ports {0,1,2,3} except that
the channels on antenna ports {0,1,2,3} are inferred from the channels on antenna ports { 15, 16, 17, 18}
of the associated CSI-RS resource respectively.

- The UE isnot expected to be configured with more than 4 antenna ports for the CSI-RS resource
associated with the CSI process configured without PMI/RI reporting.

- The overhead of CRS REs is assuming the same number of antenna ports as that of the associated CSI-RS
resource.

- UE-specific reference signal overhead is zero.

- For transmission mode 10 CSI reporting, if a CSl processis configured with PMI/RI reporting or without PMI
reporting:

CRS REs are asin non-MBSFN subframes. The CRS overhead is assumed to be the same as the CRS
overhead corresponding to the number of CRS antenna ports of the serving cell;

The UE-specific reference signal overhead is consistent with the most recent reported rank for the CSI
process if more than one CSI-RS port is configured, and is consistent with rank 1 transmission if only one

CSI-RS port is configured; and PDSCH signals on antenna ports {7...6+ v} for v layerswould result in
signals equivalent to corresponding symbols transmitted on antenna ports {15...14+ P}, asgiven by
y*2 (i) x (i)
: =W(i) : , where x(i) = [x(o) i .. x@? (i)]r isavector of symbols from the
y(14+P) (|) X(U—l) (|)

layer mapping in subclause 6.3.3.2 of [3], P e {1,2,4,8,1216} isthe number of antenna ports of the
associated CSI-RS resource, and if  P=1,W/((i) is 1, otherwise for UE configured for PMI/RI reporting
W(i) isthe precoding matrix corresponding to the reported PMI applicableto X(i) and for UE configured

without PMI reporting W (i) is the selected precoding matrix corresponding to the reported CQI applicable

to X(i) . The corresponding PDSCH signals transmitted on antenna ports {15...14+ P} would have a
ratio of EPRE to CSI-RS EPRE equal to the ratio given in subclause 7.2.5

- Assume no REs alocated for CSI-RS and zero-power CSI-RS

- Assume no REs allocated for PRS

The PDSCH transmission scheme given by Table 7.2.3-0 depending on the transmission mode currently
configured for the UE (which may be the default mode).

If CRSisused for channel measurements, the ratio of PDSCH EPRE to cell-specific RS EPRE isasgivenin
subclause 5.2 with the exception of p A which shall be assumed to be

- pa =Py + A +10109g,,(2) [dB] for any modulation scheme, if the UE is configured with

transmission mode 2 with 4 cell-specific antenna ports, or transmission mode 3 with 4 cell-specific
antenna ports and the associated RI is equal to one;

- P = Pa + Agset [dB] for any modulation scheme and any number of layers, otherwise.

The shift A gset IS given by the parameter nomPDSCH-RS-EPRE-Offset which is configured by higher-layer

signaling.
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Table 7.2.3-0: PDSCH transmission scheme assumed for CSl reference resource

Transmission
mode

Transmission scheme of PDSCH

1

Single-antenna port, port 0

Transmit diversity

Transmit diversity if the associated rank indicator is 1, otherwise large delay CDD

Closed-loop spatial multiplexing

Multi-user MIMO

Closed-loop spatial multiplexing with a single transmission layer

~N[o|o~|wN

If the number of PBCH antenna ports is one, Single-antenna port, port 0; otherwise Transmit diversity

If the UE is configured without PMI/RI reporting: if the number of PBCH antenna ports is one, single-
antenna port, port 0; otherwise transmit diversity

If the UE is configured with PMI/RI reporting: closed-loop spatial multiplexing

For a non-BL/CE UE, if the UE is configured without PMI/RI reporting: if the number of PBCH antenna
ports is one, single-antenna port, port 0; otherwise transmit diversity

For a non-BL/CE UE, if the UE is configured with PMI/RI reporting or without PMI reporting: if the
number of CSI-RS ports is one, single-antenna port, port 7; otherwise up to 8 layer transmission, ports
7-14 (see subclause 7.1.5B)

For a BL/CE UE, if the UE is not configured with periodic CSI reporting mode 1-1: if the number of
PBCH antenna ports is one, single-antenna port, port 0; otherwise transmit diversity

For a BL/CE UE, if the UE is configured with periodic CSI reporting mode 1-1: if the number of PBCH
antenna ports is one, single-antenna port, port O; otherwise closed-loop spatial multiplexing with a
single transmission layer

10

If a CSI process of the UE is configured without PMI/RI reporting: if the number of CSI-RS ports is one,
single-antenna port, port7; otherwise transmit diversity

If a CSI process of the UE is configured with PMI/RI reporting or without PMI reporting: if the number of
CSI-RS ports is one, single-antenna port, port 7; otherwise up to 8 layer transmission, ports 7-14 (see
subclause 7.1.5B)

Table 7.2.3-1: 4-bit CQI Table

CQlindex | modulation | code rate x 1024 | efficiency

0 out of range

1 QPSK 78 0.1523
2 QPSK 120 0.2344
3 QPSK 193 0.3770
4 QPSK 308 0.6016
5 QPSK 449 0.8770
6 QPSK 602 1.1758
7 16QAM 378 1.4766
8 16QAM 490 1.9141
9 16QAM 616 2.4063
10 640QAM 466 2.7305
11 640QAM 567 3.3223
12 640QAM 666 3.9023
13 640QAM 772 4.5234
14 640QAM 873 5.1152
15 64QAM 948 5.5547
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Table 7.2.3-2: 4-bit CQI Table 2

CQlindex | modulation | code rate x 1024 | efficiency

0 out of range

1 QPSK 78 0.1523
2 QPSK 193 0.3770
3 QPSK 449 0.8770
4 16QAM 378 1.4766
5 16QAM 490 1.9141
6 16QAM 616 2.4063
7 640QAM 466 2.7305
8 640QAM 567 3.3223
9 640Q0AM 666 3.9023
10 640QAM 772 4.5234
11 640QAM 873 5.1152
12 256QAM 711 5.5547
13 256QAM 797 6.2266
14 256QAM 885 6.9141
15 256QAM 948 7.4063

Table 7.2.3-3: 4-bit CQI Table 3

CQlindex | modulation | code rate x 1024 | efficiency
x R

0 out of range
1 QPSK 40 0.0781
2 QPSK 78 0.1523
3 QPSK 120 0.2344
4 QPSK 193 0.3770
5 QPSK 308 0.6016
6 QPSK 449 0.8770
7 QPSK 602 1.1758
8 16QAM 378 1.4766
9 16QAM 490 1.9141
10 16QAM 616 2.4063
11 Reserved Reserved Reserved
12 Reserved Reserved Reserved
13 Reserved Reserved Reserved
14 Reserved Reserved Reserved
15 Reserved Reserved Reserved
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7.2.4 Precoding Matrix Indicator (PMI) definition

For transmission modes 4, 5 and 6, precoding feedback is used for channel dependent codebook based precoding and
relies on UES reporting precoding matrix indicator (PMI). For transmission mode 8, the UE shall report PMI if
configured with PMI/RI reporting. For transmission modes 9 and 10, the non-BL/CE UE shall report PMI if configured
with PMI/RI reporting and the number of CSI-RS portsislarger than 1. For transmission modes 9, the BL/CE UE shall
report PMI based on CRS. A UE shall report PMI based on the feedback modes described in 7.2.1 and 7.2.2. For other
transmission modes, PMI reporting is not supported.

For 2 antenna ports, except with UE configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to
‘CLASSB’, and one CSI-RS resource configured, and higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE, each PMI value corresponds to a codebook index givenin Table
6.3.4.2.3-1 of [3] asfollows:

= For 2 antenna ports {0,1} or {15,16} and an associated Rl value of 1, aPMI valueof ne {0,1,2,3}

corresponds to the codebook index N givenin Table 6.3.4.2.3-1 of [3] with v =1.
= For 2 antennaports {0,1} or {15,16} and an associated Rl value of 2, aPMI valueof ne {01} correspondsto

the codebook index N+ lgivenin Table6.3.4.2.3-1 of [3] with v = 2.

For 4 antenna ports {O,L2,3} or {15,16,17,18}, except with UE configured with higher layer parameter eMIMO-Type,

and eMIMO-Typeissetto ‘CLASS B’, and one CSI-RS resource configured, and higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured, each PMI value corresponds to a codebook index given
in Table 6.3.4.2.3-2 of [3] or apair of codebook indices givenin Table 7.2.4-0A, 7.2.4-0B, 7.2.4-0C, or 7.2.4-0D as
follows:

e A PMIvaueof ne {0115} correspondsto the codebook index N given in Table 6.3.4.2.3-2 of [3] with »

equal to the associated RI val ue except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured.
o |f alternativeCodeBookEnabledFor4TX-r12=TRUE is configured, each PMI value correspondsto apair of
codebook indices givenin Table 7.2.4-0A, 7.2.4-0B, 7.2.4-0C, or 7.2.4-0D, wherethe quantities ¢,, ¢',

and v'  inTable7.2.4-0A and Table 7.2.4-0B are given by
9, =e"™?
@y
vozh e
o AfirstPMIvalueof i, e {0,1,~~-, f (v)—l} and asecond PMI valueof i, € {0,1,--~, g(v)—l}
correspond to the codebook indices I, and i, respectively givenin Table 7.2.4-0j with v equal to
the associated RI value and where j ={ A,B,C,D} respectively when p = {L2,3,4},
f(v)={161611} andg(v) ={16,16,16,16}.
o Thequantity Wi¥ inTable7.2.4-0C and Table 7.2.4-0D denotes the matrix defined by the columns
givenby the set {s} fromthe expression W, =1 —2u,ull /ufu, where | isthe 4x4 identity

matrix and the vector u, isgivenby Table6.3.4.2.3-2in[3] and n=i,.

0 Insome cases codebook subsampling is supported. The sub-sampled codebook for PUCCH mode 1-
1 submode 2 is defined in Table 7.2.2-1G for first and second precoding matrix indicators i; and i,.
Joint encoding of rank and first precoding matrix indicator i; for PUCCH mode 1-1 submode 1 is

defined in Table 7.2.2-1H. The sub-sampled codebook for PUCCH mode 2-1 is defined in Table
7.2.2-11 for PUCCH Reporting Type la.

NP K

Table 7.2.4-0A: Codebook for 1-layer CSl reporting using antenna ports Oto 3 or 15to 18

il i2
0 1 2 3 4 5 6 7
® ® ® @ @ @ @ ®
0-15 Vvil,o Vvil,s Vvi1,16 Vvi1,24 Vvi1+8,2 Vvi1+8,10 Vvi1+8,18 Vvi1+8,26
il i2
8 | 9 | 10 | 11 | 12 | 13 | 14 | 15
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@ (€] 2 (€] @ @ @ (€N}
0-15 Vvi1+16,4 Vvi1+16,12 Vvi1+16,20 Vvi1+16,28 \Ni1+24,e VVi1+24,14 \Ni1+24, 2 VVi1+24,3o
1[ v
where er]l% =— | ml
2 _¢) n v m

Table 7.2.4-0B: Codebook for 2-layer CSI reporting using antenna ports 0to 3 or 15to 18

Iy i
0 1 2 3
(2) (2) (2) (2)
0-15 11,0 il W Ssi.48.0 W s 81
Iy P
4 5 6 7
(2) (2) (2) (2)
0-15 1,+16,i;+16,0 i,+16,i;+16,1 11+24,i,+24,0 Vvi1+24,i1+24,1
Iy P
8 9 10 11
(2) (2) (2) (2)
0-15 Iy.i,+8,0 iy iy +8.1 1,+8,i,+16,0 1,+8.i,+16,1
Iy P
12 13 14 15
(2) (2) (2) (2)
0-15 i1y +24,0 iy +24,1 i1 +8.i;+24,0 i,+8,iy+24,1
1]V v
were W3, = L[ Vo Vi
\/g ONVm — OV

Table 7.2.4-0C: Codebook for 3-layer CSI reporting using antenna ports 15to 18

i

0 1 2 3 4 5 6 7
o [ /o | wi= /3 [ wi™ /o | wi™ s | wi™ /o | wi™ V3 [ wi™ [ \a | wi™ /3
il i2
8 9 10 11 12 13 14 15
0 | Wit /3 | w3 | wiP /N3 | wiB /Y3 | wiB /B | wiER /Y3 | w3 /B | w3
Table 7.2.4-0D: Codebook for 4-layer CSl reporting using antenna ports 15to 18
i1 i2
0 1 2 3 4 5 6 7
0 Wélz34} /2 W1{1234} /2 W2{3214} /2 W§3214} /2 W4{1234} /2 Wé1234} /2 W§l324} /2 W7{l324} /2
iy iy
8 9 10 11 12 13 14 15
0 W§1234} /2 W9{1234} /2 Wl{01324} /2 Wl{11324} /2 V\/1{21234} /2 V\/1{31324} /2 Wl{43214} /2 Vvl{51234} /2

For anon-BL/CE UE, the UE is not expected to receive the configuration of alternativeCodeBookEnabledFor4TX-r12
except for transmission mode 8 configured with 4 CRS ports, and transmission modes 9 and 10 configured with 4 CSI-
RS ports. For a UE configured in transmission mode 10, the parameter alter nativeCodeBookEnabledFor4TX-r12 may
be configured for each CS| process.
For a BL/CE UE, the UE is not expected to receive the configuration of alternativeCodeBookEnabledFor4TX-r12.

For 8 antenna ports, except with,
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- UE isconfigured with higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS A’, or

- UEisconfigured with higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASSB’, and one
CSI-RSresource configured, and higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE
configured,

each PMI value correspondsto apair of codebook indices givenin Table 7.2.4-1, 7.2.4-2, 7.2.4-3, 7.2.4-4, 7.2.4-5,
7.2.4-6,7.2.4-7, or 7.2.4-8, where the quantities ¢, and v,, aregiven by

¢n=ejm/2
sz[l pi2my32  oj4my32 ejG;zm/BZ]T

- asfollows:For 8 antennaports {1516,17,18,19,20,21,22 }, afirst PMI valueof i, € {0,---, f (v)—1} and

asecond PMI valueof i, e {01+, g(v)—1} correspondsto the codebook indices i, and i, givenin
Table7.2.4- with v equal to the associated Rl valueand wherej = v, f(v) ={16,16,4,4,4,441} and
g(v) ={16,16,16,81111}.

- In some cases codebook subsampling is supported. The sub-sampled codebook for PUCCH mode 1-1
submode 2 is defined in Table 7.2.2-1D for first and second precoding matrix indicator i; and i,. Joint

encoding of rank and first precoding matrix indicator i; for PUCCH mode 1-1 submode 1 is defined in

Table 7.2.2-1E. The sub-sampled codebook for PUCCH mode 2-1 is defined in Table 7.2.2-1F for PUCCH
Reporting Type la.

Table 7.2.4-1: Codebook for 1-layer CSI reporting using antenna ports 15 to 22

P
i
! 0 1 2 3 Z 5 6 7
@ @ @ @ () @ @ @
0-15 Wai o W1 W2 Wi s Wai 10 Wo Woi 2 W, s
i Iy
! 8 9 10 11 12 13 14 15
@ () @ @ @ () @ @
0-15 W2|1+2 0 W2|1+2 1 W2i1+2 2 W2i1+2,3 W2|1+3 0 W2i1+3 1 W2|1+3 2 W2i1+3 3
1 V,
where W, :—{ " }
V8| PV
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Table 7.2.4-2: Codebook for 2-layer CSI reporting using antenna ports 15 to 22

Table 7.2.4-3: Codebook for 3-layer CSI reporting using antenna ports 15 to 22
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i 2
! 0 1 2 3
(2) (2) (2) 2
0-15 Wai i 0 20,211 Wy o | Waioi 41
i 2
! 4 5 6 7
0 (2) (2) (2) 2
—15 | Wi 122i,+2,0 2i,+2,2i,+2,1 21,+3,2i;+3,0 2i,+3,2i;+31
: i
Ip
8 9 10 11
(2) (2) (2) 2
0-15 | Wy %10 Wooiian | Waitaoiez0 | Waiiazisoa
: i
Iy
12 13 14 15
(2) (2) (2) (2)
0-15 | W % .30 Woizisar | Waisizieao | Woiia2i+31
1| Vv V..
where W2 ——{ " " }
o 4 PnVm  — PV

i 12
! 0 1 2 3
(3 (3 N3 A3
0-3 Wi s, 8i,+8 Wsi 8,81, 8i,+8 Wi +8.81,+8 Wsi 181, 8,
i 2
! 4 5 6 7
0.3l W@ @ we._  Twe.
- 8i;+2,8i;+2,8i; +10 8i,+10,8i;+2,8i;+10 8i,+2,8i;+10,8i,;+10 8i;+10,8i; +2,8i,+2
. i2
Iy
8 9 10 11
(3 (3 A3 A3
0-3 W8i1+4,8i1+4,8i1+12 W8i1+12,8i1+4,8i1+12 W8i1+4,8i1+12,8i1+12 W8i1+12,8i1+4,8i1+4
. i2
Iy
12 13 14 15
(3) (3 Y1) Y1)
0-3 | Woiegi 68,414 | Warragi+68i+14 | Wair68i+148,414 | Vi, +148,+68,+6
1 |V Vg Vo ~ 1 |V, Vi Vo
where W(3) == |'m m m , (3)' P m m
m,m',m /—24 Vi —Vig =V m,m',m' /—24 Vi Vi =V

Table 7.2.4-4: Codebook for 4-layer CSl reporting using antenna ports 15 to 22

i 2
! 0 1 2 3
(4) (4) (4) (4)
0-3| Wy 'gis0 Wei s v81 | Wais28,4100 | Wai 28,4101
i 2
! 4 5 6 7
(4) (4) (4) (4)
0-3 | Wy iagir120 | Wairas+121 | Waireai 140 | Wai+68,+141
1 Vv Vi \Y Vo,
where WD, =——_ ™ " " "
V32 | PVm PV —PnVm  — PnVi
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Table 7.2.4-5: Codebook for 5-layer CSI reporting using antenna ports 15 to 22.

I2
0
WO _ 1 (Va, Va2, Vot Vai+s  Vaiae
16 = _—_
' VA0 | Vo, —Vai, Voiig —Vaiss  Vaiue

Table 7.2.4-6: Codebook for 6-layer CSI reporting using antenna ports 15 to 22.

I
0
W® — 1 |V, Vo, Va+s  Vap+s  Vopae Va6
1 = _—_
t V48| Vo, —Va, Vaiis —Vaiis Vaae Vo

Iy

0-3

Table 7.2.4-7: Codebook for 7-layer CSl reporting using antenna ports 15 to 22.

ip
0

W@ = 1 (Va, Vo, Va+s  Va+s  Voi+ie Vaiie Va2

iy

0-3

I
! 56| V2, —Va, Va,+8 —Voi+s Vot — Vo6 Vo424

Table 7.2.4-8: Codebook for 8-layer CSI reporting using antenna ports 15 to 22.

i
0

®_1 Voi, Vo, Vaivs Vaips  Vapue  Voirie Vairoa Va4

i
v 8| Va, —Vai, Vaiis —Vaiis Vo ~Voire Vaiprza  —Vaii24

For 8 antenna ports {15,16,17,18,19,20,21,22 }, 12 antenna ports {15,16,17,18,19,20,21,22,23,24,25,26 }, 16 antenna

ports { 15,16,17,18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 } , and UE configured with higher layer parameter
eMIMO-Type, and eMIMO-Typeisset to ‘CLASS A’, each PMI value corresponds to three codebook indices given in
Table7.2.4-10, 7.2.4-11, 7.2.4-12, 7.2.4-13, 7.2.4-14, 7.2.4-15, 7.2.4-16, or 7.2.4-17, where the quantities ¢,, U and
Vi m aegivenby

_ alm/2
oo =™
2 22m(N,-1)
Up=|1 e %N . e O:N
2t 24N~ T
Vim=|Uy, €My, ..oe 9N oy

- Thevaluesof N;, N,, O;,and O, areconfigured with the higher-layer parameter codebookConfigig-N1,
codebookConfig-N2, codebook-Over-Sampling-RateConfig-O1, and codebook-Over-Sampling-RateConfig-O2,
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respectively. The supported configurationsof (0;,0,)and (N;,N,) for agiven number of CSI-RS ports are
givenin Table 7.2.4-17. The number of CSI-RS ports, P, is 2N;N,.

- UE isnot expected to be configured with value of CodebookConfig set to 2 or 3, if the value of

codebookConfigN2 is set to 1.

- UEshal only use i;, =0and shall not report i, ,if the value of codebookConfigN2 is set to 1.

- Afirst PMI value i; corresponds to the codebook indices pair {ill,il,z}, and a second PMI value
i, corresponds to the codebook index i, givenin Table 7.2.4-j with v equal to the associated RI value and

wherej = v+9.

- In some cases codebook subsampling is supported. The sub-sampled codebook for PUCCH mode 2-1 for value
of parameter codebookConfig set to 2, 3, or 4 is defined in Table 7.2.2-1F for PUCCH Reporting Type la.

Table 7.2.4-9: Supported configurations of (0,,0,)and (N;,N,)

Number of
CSI-RS antenna ports, P (Nl' NZ) (01’02)
8 (2,2) (4,4), (8,8)
12 (23 [ (8.4),(88)
(3,2) (8,4), (4,4)
(2,4) (8,4), (8,8)
16 4,2 (8,4), (4,4)
(811) (41_)1 (81_)
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Table 7.2.4-10: Codebook for 1-layer CSl reporting using antenna ports 15 to 14+P

Value of ) ) iy
Codebook- l1 1,2
Config 0 1 2 3
1 @ () @ @
O’l'.“'olNl -1 o'l.”’OZNZ -1 Vvil,llil‘zvo \Nimxil,z'l \Ni1,11i1‘212 Vvi1‘1:i1,213
1 \
1 ,m
where W|(,n)1,n =—
\/E ¢nvl,m
Value of ) . in
Codebook- I11 I12
Config 0 1 2 3
2 N,O N,O. (1) ) (1) 2
0L.., 12 -1 0L.., 22 21 | W 2,0 Woi! 20,0 Wo! iy, 2 Wa! 2,3
Value of ) ) iy
Codebook- l11 l1o
Config 4 5 6 7
2 N,O. N,O. ] 2 @ ]
0L..,—~2-1 O,l...,%—l W2i1,1+12i1,2,0 W2i1,1+12i1,2,1 W2i1,1+1,2i1,2,2 W2i1,1+12i1,2,3
Value of ) . i
Codebook- l11 l1o
2 N,O. N,O. 2 2 @] 2
0L..,—~2-1 O,l...,%—l W2i1,1,2i1,2+10 W2i1,1,2i1,2+1,1 W2i1‘1,2i1v2+],2 W2i1,1,2i1,2+13
Value of ) . in
Codebook- I11 I
Config 12 13 14 15
2 N,O N (1) @ (1) 2
O,L...,%—l O,l...,zTOz—l W2i1‘1+],2i1‘2+],0 W2i1‘1+1,2i1v2+1,1 W2i1‘1+],2i1‘2+],2 W2i1,1+1,2i1,2+1,3
11V
1 ,m
where W|$n)1,n =—
\/E (/’nvl,m
Value of ) . P
Codebook- l1q l12
Config 0 1 2 3
3 1 1 1 1
O,].,...,N1701—1 O,].,...,NZTOZ—I WZ(X).Zy.O Wz(x),Zy,l WZ(X).Zy,Z WZ(X).Zy,s
Value of . . iy
Codebook- l11 I12
Config 4 S 6 7
3 1 1 1 1
O,L...,%—l O,L...,NZTOZ—l WZ(X)+2,2y,O WZ(X)+2,2y,l W2(x)+2,2y,2 WZ(X)+2,2y,3
Value of ) . P
Codebook- l11 I12
Config 8 9 10 11
3 1 1 1 1
O,ZI.,...,Nl7O1 -1 0,1...,% -1 WZ(X)+:L,2y+1,O WZ(X)+1.2y+Ll WZ(X)+:L,2y+1,2 WZ(X)+:L,2y+1,3
Value of . . iy
Codebook- l11 l12
Config 12 13 14 15
3 1 1 1 1
0,1,...,% -1 O,ZI.,...,NZTO2 -1 W2(x)+3,2y+1,0 W2(x)+3,2y+l,l W2(x)+3,2y+l,2 W2(x)+3,2y+l,3
. . 1 VI m .
where X=iy,, Y=ig,, WO =—| ™ |5 N >N
11 12 I,mn \/E ¢nVI,m 1 2

. . 1| Vm .

— _ o _ m,

X=l1p, Y=ly1, W¥ =— ,if N;<N
L2 H !.mn VP |:¢nvm.l:| ! 2
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Value of . . iy
Codebook- l11 I12 . q 2 :
Config
4 1 1 1 1
O,ZI.,...,LlZO1 -1 01..., N2202 -1 WZ(X),Zy,O WZ(X),Zy,l WZ(X),Zy,Z WZ(X),Zy,3
Value of . . iy
Codebook- l11 I12 a : 5 -
Config
4 1 1 1 1
O,L...,—leol -1 O,],...,—szo2 -1 Wz(x)+1,2y,o Wz(x)+1,2y,1 Wz(x)+1,2y,2 Wz(x)+1,2y,3
Value of . . iy
Codebook- l11 I12 . g 0 il
Config
4 1 1 1 1
0,],...,—’\112Ol -1 0,1...,—N"’202 -1 WZ(X)+2,2y,0 WZ(X)+2,2y,1 W2(x)+2,2y,2 W2(x)+2,2y,3
Value of . . iy
Codebook- " 2 12 13 14 15
Config
4 1 1 1 1
O,Zl.,...,Nl7o1 -1 O,ZI.,...,NZTO2 -1 WZ(X)+3,2y,O W2(x)+3,2y,1 W2(x)+3,2y,2 WZ(X)+3,2y,3
. . 1] Vv
1 m |
where X=iy;, y=i;,, W@, =ﬁ{(p ¥ } it N;=N,
n i,m
. . 1 1 Vm,l .
X:ILZ, yzll.l’ WF%‘n:ﬁ{¢ v I:|,If N1< N2
nVm,

Table 7.2.4-11: Codebook for 2-layer CSl reporting using antenna ports 15 to 14+P

2 Layers, Codebook-Config =1

kg = Ueeag NEO) =1L

i '2
0 1 2 3
. — 2 () @) 2
0’ ! Nlol 1 \/\/il,l 'il,l 1il,2 1i1,2 !0 \A/il,l !il,l 'il,Z 'il,Z '1 \A/il,l !il,l 'i1,2 'il,2 '2 \/\/il,l 'il,l 1il,2 1i1,2 !3
1 V V),
where W|(|2') == S
A4mm.n 2P ?nV m _(pnvl’,n’(
2 Layers, Codebook-Config = 2
If N;>N,,p =1lotherwisep =0,
i,=0,--,N,0,/2-1

i 12

" 0 1 2 3
0... NG 4 @ @ @ @

L 2 2i11,2i11,2i1 5,2i1 5,0 2i11,2i14,2i1 5,2i1 5,1 2iy 1+ P, 2115+ P,2i; 5,21 5,0 2iy1+p,2iy1+P,20; 5,2 5,1
. P
11
4 5 6 7

N,O &) ) (2) (2)
01 T 1% -1 W2iL1+ P21y 1+ P,2iy 541,211 ,+1,0 214+ P,2ig 1+ P, 211 1,201 ,+11 Vv2im,2i1’1,2i1v2+1,2i1’2+1,0 V\/2i111,2i1’1,2i1v2 +1,2i1 ,+11

. P

11

8 9 10 11
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0... NGO 4 (2) (2) (2 2
[ 2 - 2iy4,2i11+P,2iy 5,211 5,0 2iy4,2i11+P,2iy 5,211 5,1 2iy 1,211 1+ P,2iy p+1,2i; ,+1,0 2iy 1,211+ P,2ig p+1,2i; 5 +1,1
P
i1,1
12 13 14 15
N,O 2 ) 2 @
0, % -1 201,211,211 5,2 ,+10 211,211 211521 511 20y 1+ P 2iy 1+ P20 5,201 410 Pt P2t P2 2zt
where W@ = | Vimo Ve
Hmmn V 2P q’nvl,m _¢nvl’,n'f
2 Layers, Codebook-Config =3
i,,=0,-,N,0,/2-1
. i
Iy
0 1 2 3
N0, @ @ @ @
0,‘ 0 ,% - 1 Vv2><,2x,2y,2y,0 Vv2><,2x,2y,2y,l Vv2><+1,2x+1,2y+1,2y+1,0 W2x+1,2><+1,2y+1,2y+1,1
. i
Iy
4 5 6 7
N O 2 2 2 2
0,‘ i ,% 1 V\/2(x422,2x+2,2y,2y,0 V\/2(x422,2x+2,2y,2y,1 V\lz(x423,2x+3,2y+1,2y+1,0 W2(x23,2x+3,2y+1,2y+1,1
. i2
Iy
8 9 10 11
N O 2 2 2 2
01' . ,% - 1 VVZ(X,)2><+1,2y,2y+1,0 VVZ(X,)2><+1,2y,2y+1,1 W2(x21,2x+2,2y+1,2y,0 sz(xll,2x+2,2y+1,2y,1
: I
Iy
12 13 14 15
N,O @ @ @ @
01' o ,% - 1 Vv2><,2x+3,2y,2y+1,0 Vv2><,2x+3,2y,2y+1,1 Vv2><+1,2x+3,2y+1,2y+1,0 W2x+1,2><+3,2y+1,2y+1,1
. . 1 V| m VI' n .
where x=i,,, y=i,,, W®  =——| " ’ if N, >N, and
e y 12 Lmm,n LY, 2P ¢nvl m _¢nvl',m' ! 2
. . 1[v Vor |
— _ (2) m, il
X=l,, Y=l A if Np <N,
L2 H LEmm n vV 2P |:¢nvm,l _¢nvnrf,l':|
2 Layers, Codebook-Config = 4
i, =0,,N,0,/2-1
T 2
’ 0 1 2 3
N,O, (2) 2) (2) )
0, 2 -1 Vv2x,2x,2y,2y,0 W2x,2x,2y,2y,l Vv2x+1,2x+l,2y,2y,0 W2x+1,2x+1,2y,2y,1
T 2
’ 4 | 5 | 6 | 7
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N,O, (2) (2) (2) (2
0,---, 12 t-1 Vv2x+2,2x+2,2y,2y,0 Vv2x+2,2x+2,2y,2y,1 Vv2x+3,2x+3,2y,2y,0 W2x+3,2x+3,2y,2y,1
i 12
- 8 9 10 11
N,O, ) (2) (2) (2
0,---, 12 t-1 W2x,2x+1,2y,2y,0 W2x,2x+1,2y,2y,1 Vv2x+1,2x+2,2y,2y,0 W2x+1,2x+2,2y,2y,1
i 12
- 12 13 14 15
N,O (2) (2) (2) (2)
0, 12 +-1 W2x,2x+3,2y,2y,0 W2x,2x+3,2y,2y,l Vv2x+l,2x+3,2y,2y,0 W2x+l,2x+3,2y,2y,l
. . 1 VI m VI’ m .
where x=i,,, y=i,, W?» =~ & ' if N, >N, and
" L2 Lmm,n \/ﬁ ¢nvl m _¢nvl’,nrf ! 2
. . 1 Vi Vi .
X=i,, Y=i, W? = ™ © | if Ny<N
12 " Hrmm.n \/ﬁ ¢nvm,l _¢nvm’,l’ ! 2

Table 7.2.4-12: Codebook for 3-layer CSl reporting using antenna ports 15 to 14+P

3 Layers, Codebook-Config =1, N;>1, N,>1
i,=0L1---,NO,-1
: [
. 0 [ 1
- © A3
0, ’olNl 1 Vvi1,1:i1,1+01xi1,21i1,2 Vvi1,1:i1,1+01xi1,21i1,2
(3) A/(3)
ON,,--, 20N, -1 V\/il‘lvil,lvil,zvil,z"'oz V\/il‘lvil,lvil,zvil,z"'oz
1 | Yim Vim Vi ~ 1 |Yim Ve VYiom
where W®  =——_ ' WO = = ’ '
1l ,mm /3P Vl,m _VI m _\4'va Il ,mm /3P VI m V|m _V|'vm‘
3 Layers, Codebook-Config =1, N,=1
i, =0
i1 2
0 1
(3) A/(3)
00N, -1 Vvilvl,ilvl+ol,0,0 \Nin,il‘ﬁol,o,o
(3) A/(3)
ON,;,--+,20N; -1 i11.111+20;,0,0 Vvim,ilyﬁzol,o,o
(3) A/(3)
20,N,,--+,30,N, -1 Vvi1,1’i1,1+30170,0 \Nilvl,il‘1+301,0,o
1 |Yim Vim A ~ 1 |Yim VYew VYom
where W® =—— ' VYA ——— ’ '
1l ,mm /3P Vl,m _VI m _V|'Ym' Il ,mm /3P VI m V|m _V|'Ym‘
3 Layers, Codebook-Config = 2
i, =0,1--,2N, -1
; i
i 2
H 0 1 [ 2 3
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(3) (3) A/(3) A/(3)
O’ T 2N1 -1 W2i1v1,2i1v1+4,2i1v2 12115 2i11+4,2i1 1,211 5,211 5 2i11,2i11+4,2i1 5,211 5 2i11+4,2i1 1,211 5,211,
(3) (3 A/(3) A/(3)
2N1" a '4N1 -1 W2i1,1,2i1’1,2i1’2 20y o +4 2i31,2i11,2iy p+4,2i3 5 2iy1,2i1 1,21 5,20y 5 +4 2i11,2i11,2i1 +4,2i1 5
. i
I11 2
4 5 6 7
0.e ON. -1 (3 (3 VS VE)
L 1 2i11+1,2i11+5,2i1 5,211 » 2i11+5,2i1 141,211 5,2i; 5 2i11+1,2i1 145,211 5,2i; 5 2i11+5,2i11+1,2i1 5,211 5
ON. - AN. -1 3 (3) VE e
17 1 2i11+1,2i11+1,2i; 5,2y ,+4 2i11+1,2i1,+1,2i; ,+4,2i; , 2i11+1,2i1+1,2i) ,2i; , +4 2i11+1,2i1 1+1,2i ,+4,2i; 5
ill 2
' 8 9 10 11
(3) (3) A/(3) A/(3)
0, 2N1 -1 W2i1v1,2i1v1+4,2i1v2+l,2i1_2+l 2iy+4,2iy 1,2i; ,+1,2i; ,+1 2iy 1,211 1+4,2i; 5 +1,2i; ,+1 2y 1+4,2iy 1,20 5+1,2i; 5 +1
(3) (3) A/(3) A/(3)
2N+, 4N, -1 VVZiM,2i1v1,2i1v2+1,2i1v2+5 211,214,211 ,+5,2i; ,+1 211,201,211 ,+1,2i1 ,+5 2i11,2; 1,213 ,+5,2i ,+1
. i2
l11
12 13 14 15
& e NS Vi)
0, ,2N1—1 2i1 141,21 +5,2i; 5 +1,2i; 5 +1 2i11+5,2i11+1,2i; ,+1,2i; 5 +1 2i11+1,2i1 1+5,2iy +1,2i; 5 +1 2i) 145,211 1 +1,2i1 ,+1,2i; 5 +1
& e NS VIS
2N1" ,4N1—1 2i11+1,2i1,+1,2i; 41,201 ,+5 2i11+1,2i1 1 +1,2iy 5 +5,2i; 5 +1 2i11+1,2i1 1+1,2i; ,+1,2i; ,+5 211 1+1,2i1 1 +1,2i; 5+5,2i; 5 +1
V, V, V, V, V, V,
, 1 %I ,%Zm %I %Zm %r%m‘ - 1 %I o8 %V&m %I'—Zm
where \Nl(l‘)mm‘ - J3p ’ |(|‘)mm‘ :T
3P 1Vo, 0, Vo0, Vo0, 3P Vo0, Voyo, Voo,
44 4 44 4 4
3 Layers, Codebook-Config =3
i, =01--,2N, -1
i 2
11
0 1 2 3
0o N.—1 WE E) Ve Ve
LA I | 4iy1+2,4i) 1+6,2i) 5,2i) 5 4iy1+6,4i; 1+2,2i; 5,2i; , 4iy1+2,4i1 1+6,2i; 5,2i; , 4iy1+6,4i;1+2,2i) 5,2i) 5
N .. ON. -1 (3 (3 ve Ve
177 1 4i11+2,4i11+2,2i1 5,201 ,+4 4ip1+2,4i11+2,2i; ,+4,2i; , 4ip1+2,4i1 142,21 5,211 ,+4 4ip1+2,4i11+2,2i1 ,+4,2i; 5
: i
l11 2
4 5 6 7
0 N.-1 | W@ (3 ve Ve
T Ny 4ip1+3,4i1,+7,2i1 5,211, 4ip1+7,4i11+3,2i 5,211 5 4ip1+3,4i11+7,2i1 5,211 5 4i11+7,4i11+3,2i; 5,201,
N E) (3) Ve e
17 1 4iy1+3,4111+3,2i) 5,201 ,+4 4ip1+3,4i1,+3,2i) ,+4,2i; , 4ip1+3,4i1,+3,2i) 5,20 ,+4 4iy1+3,4111+3,2i) ,+4,2i; 5
- i
l11 2
' 8 9 10 11
0o N.—1 3 ) v/(3) e
Ny 4iy 1,41 1+4,2i) ,+1,2i) o +1 4iy 1+4,4i) 1,21 ,+1,21; ,+1 4ip 1,411 +4,2i) ,+1,2i; 5 +1 4iy 1+4,4iy 1,2 ,+1,2i) o +1
N - ON. -1 (3) €) Ve Ve
1 1 4ip 1,411,211 ,+1,2i) ,+5 4iy 1,411,211 5+5,2i; ,+1 4iy 1,411,211 5+1,2i) ,+5 4ip 1,411,211 545,201 ,+1
: i
l11 2
12 | 13 | 14 15
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(3) (3) A/(3) A/(3)
0,---, Nl -1 4ip1+1,4i11+5,2i ,+1,2i; ,+1 4iy1+5,4i11+1,2i) ,+1,2i ,+1 4ip1+1,4111+5,2i ,+1,2i ,+1 4iy1+5,4i11+1,2i) ,+1,2i ,+1
(3) (3) A/(3) A/(3)
Nl" -, 2N1 -1 4ip1+1,4111+1,2i; ,+1,2i) ,+5 4iy1+1,411 1 +1,2i ,+5,2i ,+1 4ip1+1,411 1 +1,2i ,+1,2i) ,+5 4ip1+1,411 1 +1,2i ,+5,2i ,+1
Vorom Vorom Vo o Vorom Vorom Vo om
where W@ ._i 474 4" 4 474 We _i 474 4 44
(I f _ _ ! 11", mm / —
" VBP Vorom Varom Voo " N3P Varom Vorom Vo o
4’ 4 4’ 4 A 4 4 a4 Al
4’ 4 4 4 4
3 Layers, Codebook-Config =4, N, >1 N,>1
i, =01,4N, -1
. i
l11 2
' 0 1 2 3
0-- N -1 © S e ve
vy 11,801 +4i1 5,01, 4y +4,4i1 1,010,015 4ig 1,4+ 4000 4y 1+4,4i1 1,11 2001
(3) (3) YIE) Vi)
Nl" '2N1_1 4ig1,8i1 1,01 0001 0+4 411,81 1,01 2+4i1 2 4ig1,8i11,01 0001 0+4 4igq,81 1010+,
. i
I 2
11
4 5 6 7
0. N.—1 (3) (3) NG Ve
LR | 4ig1+14i1,+5,i15,010 4ig1+5,4i11+Li1 5,015 4ig1+14i1,+5,i15,010 4i11+5,4i11+1 5,01,
N, - 2N. —1 @ @ NS N
1 1 4iq1+1,4i1 1 +Li7 5,01 o +4 4iq1+1,4ip 1 +Lig p+40 5 4iq1+1,4i1 1 +Li7 5,01 o +4 4ig1+1,401 1 +1ig o+ o
. i
I 2
11
8 9 10 11
0. N.—1 [€) [€) Ve NG
L | 4i11+2,48i11+6,i1 5,012 4iq 146,41 1+2,i1 5,015 4ig1+2,4i11+6,i1 5,015 4ig1+6,4i11+2,i1 5,012
N, - 2N. -1 e e NS NS
1 1 4y +2,4i11+2,i) 5,01 +4 4y +2,4i) 142,11 ,+4ip 5 4y +2,4i11+2,i 5,01 o +4 4iy1+2,4i11+2,i1 o +4i; 5
g 2
12 13 14 15
0o N. -1 3 @ ) NE)
v 4y 143,401 1+70i1 20015 4y 1+7,401 14311 501 2 4ig 1+3,4i11+7,i1 501 2 4iq 1 +7,4011+3)i1 5012
N, - 2N. -1 e & NS NS
1 1 4y 1+3,4i1 143,01 5,01, 14 4iy 1 +3,4i11+3)i1 2+ 5 4y +3,4i1 143,01 5,01 ,14 4iy1+3,4i1 143,11 ,+4,i1 5
Vorom  Vorom Vo om Vorom Vorom  Vor o
where W@ —_1_ 474 44 4 a ©3) :i 4" a i 4 4
11", mm [ _ _ ’ 1,I',mm / —
3P Vﬂy% V%,% Vq|'om 3P| Vo Spm Vor om Vq|'0m'
47 4 47 4 == 474 =
47 4 4 47 4
3 Layers, Codebook-Config =4, N,=1
i, =01--,4N, -1
. i
l11 2
' 0 1 2 3
0 N.—1 (3 (3 YIE) YE)
TNy 4i1,,4i1,+4,0,0 4i;,+4,4i1,,0,0 4i1,,4i1,+4,0,0 4iy,+4,4i11,0,0
(3) (3) A/(3) A/(3)
Ny, 2N, —1 4iy 4 ,4i;,+8,0,0 4iy,+8,4i,,0,0 4i;,4i;,+8,0,0 4iy ,+8,4i,,0,0
(3) (3) A/(3) A/(3)
2N1" T 3N1 -1 4i1,,4i1,+12,0,0 4i1,+12,4i1,,0,0 4i1,,4i1,+12,0,0 Vv4i1,1+12,4i1,1,0,0
. i
I 2
11
4 | 5 | 6 7
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0 N.—1 3 3 E) VE)
Ny 4y 1 +1,4i,,+5,0,0 4y 1 +5,4i,+1,0,0 4y, +1,4i,,+5,0,0 4iy;+5,4i1,+10,0
(3) (3 A/(3) i€
N,,---,2N, -1 s 1+1,4i1,+9,0,0 4iy,+9,4i; ,+1,0,0 4y 1+1,4i;,+9,0,0 W4i1,1+9,4i1,1+1'010
(3) (3 A/(3) i)
2N,,-+,3N; -1 4i1,+1,4i1,+13,0,0 4i1,+13,4i1,+1,0,0 4i1,+1,4i1,+13,0,0 Wi 11+13,4i;,+1,0,0
[
11
8 9 10 11
0 N.—1 (3 (3 ve Ve
o Ng 4i1,+2,4i11+6,0,0 4i1,+6,4i1,+2,0,0 4i1,+2,4i11+6,0,0 4i1,+6,4i1,+2,0,0
N - 2N —1 3 (3 i) &)
1 ey 4iy1+2,4i1,+10,0,0 4i;,+10,4i; ,+2,0,0 4iy,+2,4i;,+10,0,0 4i;,+10,4i, ,+2,0,0
(3) (3) A/(3) A/(3)
2N,,++,3N; -1 4iy,+2,4i;,+14,0,0 4i; 1 +14,4i; ,+2,0,0 4iy,+2,4i;,+14,0,0 4iy,+14,4i;,+2,0,0
iZl.l
' 12 13 14 15
0e N.—1 3 3 i) &)
e Ny 4y ,+3,4i,,+7,0,0 4y, +7,4i1,+3,0,0 4y ,+3,4i,,+7,0,0 4i11+7,4i1,+3,0,0
N (3) (3) ve Ve
177 1 4ip,+3,4i1,+11,0,0 4ip,+11,4i;,+3,0,0 4ip,+3,4i1,+11,0,0 4i1,+11,4i;,+3,0,0
(3) (3) A/(3) A/(3)
2N1" '3N1_1 4iy,+3,4i1,+15,0,0 4i;,+15,4i1,+3,0,0 4i;,+3,4i1,+15,0,0 4i;,+15,4i1,+3,0,0
L Vosom  Vorom  Vorom L Vorom Vorom Vo om
@ 4 4 4 4 4’ 4 M3 4 4 4 4 4 4
Where VVl,l‘,m,ml - I3P Vv -V Y . ! VVl,ll,m,I‘rf - IBP V. VI ) -V
Sl Om 9l O;m ol om ol Om  Tol om oj om
4" 4 4" 4 A4 4 4 44 2 4

Table 7.2.4-13: Codebook for 4-layer CSl reporting using antenna ports 15 to 14+P

4 Layers, Codebook-Config=1, N;>1 N,>1

i, =01:-,N,0,~1

. i2
|L1
0 1
_ (4) )
0+, N,O -1 Wl,l’il.].+QI.vil,2'il,2’O 11411+001 2,11 2.1
ON,,+-,20,N, -1 N N
1Nt €0 Ny — 10,011,01.2/i12+02,0 1001k 21210, 1
1 VI,m V|‘ \ Vl,m \/

where W& == " o
L mmn \/E PVim ¢nvl‘,m‘ ~PVim _¢nvll*m‘
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4 Layers, Codebook-Config=1, N,=1

i, =0
. P
11
0 1
(4) 4)
00N, -1 Iy 1.12+01,0,0,0 1211101,001
(4) 4)
olNl" T 201Nl -1 111,i11+20;,0,0,0 11411+20;,0,0,1
(4) 4)
201N1!' h '301N1 -1 111,111+30;,0,0,0 11411+30;,0,0,1
(4) _ 1 VI,m VI‘,m‘ Vl,m V|“m'
Ll mm.n V4P ¢nvl,m ¢nv|‘ym‘ _¢nvl,m _¢nv|'ym‘
4 Layers, Codebook-Config = 2
i1’2 =01---,2N,-1
. i
i1 2
t 0 1 2 3
0---2N. -1 (4) (4) (4) \/\é(‘l)
L 1 2i11,2i11+4,2i1 2,21 2,0 2i11,2i11+4,2i3 5,201 5,1 2i11+1,2i1,+5,21 5,211 5,0 i11+1,2i1 15,21 5,201 5,1
2N,,---,4N, -1 (4) (4) \Nz(4) (4)
2i11,2i11,2i1 2,201 +4,0 2i11,2i11,20y 2,201 p+4,1 i1 1+1,211+1,2i3 5,20 +4,0 2i11+1,2i11+1,2i1 5,20 o +4,1
ip
|L1
4 5 6 7
(4) (4) (4) V\é(4)
0,. -, 2N1 -1 21 1,2i11+4,2i; 5+1,2i1 ,+1,0 21 1,2i11+4,2i1 p+1,2i1 ,+1,1 2i11+1,2i1 145,211 5+1,2i ,+1,0 i1 1+1,2i1 145,201 +1,2i1 ,+1,1
4) 4)
2N.,---, 4N, -1 (4) (4) ( . . . - } - -
1 1 iy, 2011, 2154120, 5450 Divy 21,20y ,+1.20; 5 +51 2i11+1,2i11+1,2i1 541,20 ,+5,0 V\glnﬂ,2|ll+l,2|l'2+l,2|l'2+5,1
1| Yoo, Yoo, Voo, o Voo
- 44 4 4 44 4 "4
Il ,mm,n _ _
VAP | PVo, o, PVo 0, . TPVg 0, T PVo, 0 -
44 4 "4 44 4 "4
4 Layers, Codebook-Config =3
i1’2 =01---,2N,-1
. i
l11 2
' 0 1 2 3
0--N. -1 4) (4) (4) (4)
g 4iy 1+2,811 16,21 5,211 5,0 iy 1 +2,4111+6,2i 5,211 5,1 U1 +34iy1+7,2i; 5,21 5,0 iy 1+3,4111+7,2i; 5,211 5,1
N,,---,2N, -1 @ & (4) 4)
1 1 4iy1+2,4i11+2,2i; 5,2i1 ,+4,0 4i11+2,4i1 142,201 5,20 5 +4,1 iy 4341y, +32i1 21y ,+4.0 iy +3,8iy 1 +3,2iy 5 21,441
P
l11
4 5 6 7
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0,--,N, -1 ) 4 M4)+L4i 5,21y 541,20 ,+1,0 4i4)+:L4i 15,21, +1,20y ,+11
AR iy 1,8 1 +4,2i) p+1,2i1 ,+10 By 1 Ay 1+4,21 5 +1,201 ,+11 LTI LTS 2
(4) 4)
N,,--+,2N, -1 4 (4) W, i di, 41204121, 45 lgi, \+1,4i, 41,20, ,+1.2i; 45,1
' ! iy Ay 1 21y 541,20 5+5,0 iy A1 21y 541,20 5451 LA #1205 4.2 5450 LA L2 o425+,
V V V V,
o 1% Yu%n e Yaon
I mmn — —
VAP | PVo, o, Vo 0, . TPVg 0, T PVo, . 0 -
44 4 "4 44 4 "4
4 Layers, Codebook-Config =4, N;>1, N, >1
i,,=01---,4N, -1
. i
i1 2
b 0 1 2 3
0..- N -1 (4) 4) 4) (4)
T Ny 1,411 +4) 5112,0 iy 1,41+ 51 0.1 %y 141,411 145,01 5,i1 2,0 i1 +14i1 1 +5)i; 5,01 2.1
N - 2N. -1 (4) 4) (4) 4)
1 1 411,411,012/l 24,0 4i11,4i11,01 2,11 2141 4i1 141,41 1+1i1 5,1 24,0 4ig1+L,401 1 +Lig 5,0 o +4,1
. i
Il,l
4 5 6 7
0--- N -1 (4) 4) 4) (4)
vt N 41 +2,4i; 146,21 5,2i; 5,0 %y 1+2,411,+6,2i 5,21 5,1 %y 1+3,4iy 1 +7,2i1 5,211 5,0 iy 1 +3,4iy 147,21 5,21 5.1
N --- 2N. -1 (4) 4) 4) (4)
17T ey iy 1 +2,411,+2,2i) 5,2i) ,+4,0 %y 1+2,41 142,20 5,2y ,+4,1 %y 1+3,4iy 1+3,2i; 5,2i) ,+4,0 iy 1 +3,4ip 1+3,2i; 5,2i) p+4.1
V V V V,
o 1| s es oe. Yoo
I mmn — —
VAP | PVo, o, Vo 0, . TPVg 0, T PVo, .0 -
44 4 "4 44 4 "4
4 Layers, Codebook-Config =4, N,=1
i1,2 =0
. i
i1 2
b 0 1 2 3
(4) 4) (4) (4)
0+, N, —1 414,411 1+4,0,0,0 4iy,,4i1,+4,00,1 W4in+l4il,l+5,0,0,0 W44'1‘1+L4i1,1+5,0,0,1
(4) 4) (4) (4)
Nl’ ";2N1_1 \A41i11v4i1,1+8v0v0v0 \M(i1,1v4il,l+8vov0vl W4il.1+1,4i111+9,0,0,0 V\/4i1'1+1.4i111+9y0,0y1
4) (4) (4) (4)
2N,,---,3N, -1 \M(i111,4in+12,0,0,0 V\éun,4in+12,o,o,1 W44'1,1+J,4i111+13,0,0,0 W44'1'1+],4i111+130,0,1
iy I2
4 5 6 7
0..- N -1 4) (4) (4) (4)
vt N 4iy1+2,411,+6,0,0,0 iy 1+2,4i1,+6,00,1 iy 1+3,4i;1+7,0,0,0 iy 1+3,4i;,+7,0,01
4) (4) (4) (4)
N, 2N, -1 4iy 1+2,411,+10,00,0 4iy,+2,4i;1+10,00,1 iy 1+3,4i,+11,0,0,0 \Aélil_l+3,4ilyl+1l,0,0,1
4) (4) (4) (4)
2N,;,--+,3N; -1 \Aél(ilyl+2,4ilyl+14,0,0,0 4iy,+2,4i; 414,001 4y 1+3,4i;,+15,0,00 iy 1+3,4i,+150,01
1] Vuon Voo Voo, Voo
- 44 4 4 44 4 "4
Il ,mm,n —
VAP | PVo, o, PVo 0, . TPVg 0, T PVo . 0 -
44 4 "4 44 4 "4
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Table 7.2.4-14: Codebook for 5-layer CSl reporting using antenna ports 15 to 14+P

ETSI TS 136 213 V13.2.0 (2016-08)

5 Layers, P=8, N;=N,
Value of Codebook-Config ka e
5
1 0L+ 0Ny =1 | 0L+ OpN, =1 | W&, o oo,
(5)
2-4 0L---4N;-1 | 01---4N,-1 by 1y 1+ Ay 1+ 5 g i o+
1 Vo, Yoo, Vaon VYoon Yoo
o == 44 44 4 * % |for Codebook-Config = 2-4
1 mm,m @ v o —Voll o VOlI o, _V01|‘Oz V01|“ 0, -
Simo g g St g
5 1 (Vim Vim Vim Vi Ve ,
@ = ™ | for Codebook-Config = 1
Il ,mm,m ISP VI m VI m V|' . _vI . V| o
5 Layers, P=12
Value of Codebook-Config | Configuration ka P
(5
1 N;>1 N,=21 | 01---,O;N; -1 | 01---,O,N, -1 Ty 1y 1400 1400 5.1 2111 240
©)]
2 N,>LN,>1 | 01.--4N;-1 014N, -1 iy 1+ i+ 2 iy 0. o4
(5)
N, =N, 0%---4N;-1 | 01---4N,-1 iz 1+ i85 i 5+
3
(5)
N, <N, 0%---4N;-1 | 01---4N,-1 byt s+ o o+ 48
(5)
N, 2N, 0%---4N;-1 | 01---4N,-1 Ty s+ 48 501
4
(5)
N; <N, 0%---4N;-1 | 01---4N,-1 11 o o+ o+
where
1 [Vaon Yoo, Voo, Voo, Voo,
R 44 4 4 * % |for Codebook-Config = 2-4
T NBPIVG o, - Vo 0, Vo0 TVop 0 Vo o
L 44 44 4" 4 4 4 4
- 1 [Vim Yim Vi Vi Vi ,
[ == for Codebook-Config = 1
T V5P Vim _Vl,m V|m _VI',m I"m
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5 Layers, P=16
Value of Codebook-Config Configuration in ilz
(5)
Nl > 1’ N2 > 1 0’]’.”’01N1 -1 O’l’.“’OZNZ -1 1123l12+O01i 10 i1 2,11 2,01 210,
1
— _ ®)
N2 - 1 0,:L ’olNl 1 0 1,111,100 1420011 2.1 2,411 2
(5)
2 N,>1 N,>1 0L--4N; -1 | 014N, -1 iy 1iga iy g+ 2 2y 2 +4
(5)
N, >N, 0%---4N;-1 | 01---4N,-1 Iy b+ i1 +8,1, 0 s o+
3
(5)
N, <N, 0L-4N; -1 | 014N, -1 11,0101+ iy o+ 48
(5)
N, 2N, 01---4N;-1 | 0L---4N,-1 Ty i+ i #8101 2 dn 21115
4
(5)
N, <N, 01---4N; -1 014N, -1 111401100212+ 2+8
where
1 [Vaon Yoo, Yaon Voo, Voo
o, == 4 o o * % | for Codebook-Config = 2-4
T VBPIVG o, Vo0, Vo0, Vo, Voo
44 44 4 4 4 "4 4 "4
s 1 (Yim Yim Vi Vim Ve ,
a = ' ’ " | for Codebook-Config = 1

Table 7.2.4-15: Codebook for 6-layer CSl reporting using antenna ports 15 to 14+P

6 Layers, P=8, N;=N,
Value of Codebook-Config i i
11 1,2
1 0L---,0;N, -1 0L---,0,N, -1 ©
! 1N ’ 1272 112:l12+O01i1 10 i1 2,11 2,01 210,
2-4 (6)
01---4N; -1 014N, -1 11 H i+ oy 2y o4
where
V, V, V, V, V, V,
1 %I - %l, 2m %r%zm' %| Oz %ry%m %l”,%m" .
l(l@l e T for Codebook-Config = 2-4
V6P Vo o, Vo0, Voo, Vo,o. Voro. Voo
4 4 4 4 4 4 4 4 4 4 4 4
1 (Vim VYim Vew Vi - - )
@ =" tm b L for Codebook-Config = 1
e BP [Vi Mn Vi Vi Vi Vi
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6 Layers, P=12
Value of Codebook-Config | Configuration ba s
(6)
1 Nl >1 N2 211 0L ’OlNl -11 0L '02 N2 -1 \/\/il,liil,l+011il,l+olii1,21i1,21i1,2+02
(6)
2 N,>LN,>1 | OL-4Nj-1 | 0L-4N,=1 | W . 0,
(6)
Nl = N2 0L '4Nl -1 0L ’4N2 -1 \/\/i111i1,1+41i1,1+81i1,21i1,2 g pt+4
3
(6)
Nl < N2 0L '4Nl -1 01, ’4N2 -1 \/\/il,l‘il,liil,l+4!il,2 o4y o8
(6)
N; >N, 01---4N;-1 | 0l1---4N,-1 Vvil’l,ilvl+4,i1 EYS
4
(6)
N, <N, 01---4N; -1 014N, -1 V\/il,lvil,]_vil.l*il,z iy o4y 5 +8
where
1 [ Veon Yoo, Voo, Voo Voron Voo
we. =] ! ! v ‘e “* | for Codebook-Config = 2-4
T NBPIVo o - Vo0, Vo0 Vo0 Voron TVopon
44 44 4 4 4 4 4 "4 4 "4
® = ’ ’ ’ for Codebook-Config = 1
6P Vi Vi Vi Vi Vew Ve

6 Layers, P=16
Value of Codebook-Config | Configuration Iy bz
(6)
Nl > 1’ N2 > 1 O’l’ h ’O]-Nl -1 0’:L ’ "OZNZ -1 \/\/il,liil,l+ol'il,l+oliil,21i1,2'il,2+02
1
— _ (6)
NZ =1 01 ’OlNl 1 0 Vvil,lvil,l*'olvil,l*'zovil,zvi1,2vi1,z
(6)
2 N,>1 N,>1 014N, -1 | 014N, -1 V\/il,l,ilvl+4,iu+4,il,z,il,z,i1,2+4
(6)
N, 2N, 01---4N;-1 | 01---4N,-1 Vvil’l,ilvl+4,iu+8,i1v2,il,z,i1’2+4
3
(6)
N, <N, 01---,4N; -1 014N, -1 Vvilvl,ilvl,iu+4,i1v2,i1v2+4,i1v2+8
(6)
N, 2N, 01---4N; -1 014N, -1 V\/in,i1,1+4,i1,1+8,i1‘2,ilvz,ilv2
4
(6)
N, <N, 01---4N; -1 014N, -1 V\/ill,in,ilvl,il'2 ipo+4is 48
where
1 [Veen Voo, Voo, Voo Voron Voo
(o = ¢ ¢ ¢ ¢ e o for Codebook-Config = 2-4
T NBP Ve 0, Vo0, Voo Varon Vorew TVorog
4"’ 4 4 4 4 4 "4 4 "4
6 1 | Yim VYim Vi Vi Ve Viw ,
©® = ’ ' ' ' and for Codebook-Config = 1
e JBP | Vi, Vi N e e
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Table 7.2.4-16: Codebook for 7-layer CSI reporting using antenna ports 15 to 14+P

7 Layers P=8, N;:=N,

Value of Codebook-Config i i
11 12
1 (7)
0L1-- ',OlNl -1 01--- ,02N2 -1 112112t001 101101 2,001,2,1,2105 11 210,
2-4 (7
01---,4 Nl -1 01--- ,4N2 -1 it i taing iy gy o4y o4
where
1|22 Yaon Yaon Vaon Yoo Voron Yoo
W .= for Codebook-Config =
TR ANTPIVG o, - Vo0, Yoy, Voo, Voo Voo, Voo
L 4 4 4 4 4 4 4 4 4 4 4 4 4
2-4
(7) 1 Ve Vi Vs Vi Ve VYew Vi
L mmmm T [7p | v —v V. . =V . V.. —V.. V..
Lm e rm tm ™ Jfor Codebook-Config = 1
7 Layers, P=12
Value of
Co:lf_bo Configuration a ks
Config
0l1--,0N,-1 | 01---,0,N, -1 ™
1 Nl > l' N2 21 112:011100i1 1401 1,01 2401 211 2105 i1 .10,
(7
2 N, >1L N,>1 01---4N;-1 | 01---4N,-1 N ARVIRRVYIN NS N Ry
(7
N, 2N, 01---4N;-1 | 01---,4N,-1 N ARVTIT YRRVY I N NV N
3
(7
N; <N, 01---4N;-1 | 01---,4N,-1 itz ity 44 i iy 548101 +4
(7
N; 2N, 01---4N;-1 | 01---4N,-1 i+ +810 1 i o112y o+
4
@)
N; <N, 01---4N; -1 014N, -1 12 i 1+ 2 g 2+ 28
where
Vim Vim Voo Vo Y S _
AT :i{ Tt em }for Codebook-Config = 2-4
R VP Vim Vi Vi Voo Ve Ve Vew
Vim Vim Voo Vo Y S VI .
W :i{ Tt hm } for Codebook-Config = 1
P TP Vi N Vi Ve Ve Ve Vi
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7 Layers, P=16

Value of Codebook- . . . -
i i
Config Configuration 11 12
(7
Nl > :L N 2 >1 |01 ’OlNl -1 0% ’02 N 27 1 1114112+00i1 1701141 211,241,205 1 210,
1
— _ )
N2 - 1 01, ’OlNl 1 0 11,1401,1 4011 1+204,i1 1 +304y 41 21 2,401 2
(7
2 N,>1L N,>1 01---4N; -1 01---4N,-1 Ty 1 iz a iy 1+ 2 2y oAy o+
(7
N, 2N, 0%---4N;-1 | 01---4N,-1 N ANVERRT YRRET SR vy v
3
(7
N, <N, 0%---4N;-1 | 01---4N,-1 11 gt i+ o i1+ 4811y 412
(7)
N, 2N, 01---4N; -1 01---4N,-1 Ty i+ i #8111 H1200 0 5 i1
4
(7)
N, <N, 01---4N; -1 01---4N,-1 i1y iy i1 2y 2+ g o481y 5 +12
where
1|22 Yaon Yaon Vaon Yoo Voron Yoo
e == for Codebook-Config =
SO NTPIVe 0, Va0, Voo Voo Voo, Voron Voo
44 4 4 "4 4 4 "4 4 "4 4 "4
2-4
1 [Vim Mm Ve Ve VL VL VL _
Wi = oo tm e T and for Codebook-Config = 1
PR NP Vi Vi Vi Ve Ve Vew Ve

Table 7.2.4-17: Codebook for 8-layer CSl reporting using antenna ports 15 to 14+P

8 Layers, P=8, N;=N,

Value of Codebook- i i
Config i i
1 01--,0,N; -1 01:--,0,N, -1 )
! 1 ! 12772 112117001 1+0 1112112112105 1 210,
2-4 ©
014N, -1 014N, -1 (FRPPR R PP N N NP P
V, V, V, V, V, V, V, V,
i 1| "02n 2% %ok Y2k YurZn %o YorSw Yar
where V\/|F|',)|“,|"',m,m,m‘,m“ :ﬁ v v v v v v _v for
9 % 9%y Oy Oy Oy Oy Oy oy O Op s Oy Op Oy Oa
44 4 "4 4 "4 4 "4 "4 4" 4 "4
Codebook-Config = 2-4
W 1 Y Ve Ve Vi Ve Ve Ve Vi
L mm ot T _ _ _ _
8P Vim Vim Vi Mew Ve Ve Vew View

for Codebook-Config =1
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8 Layers, P=12

Value of . . .
i i
Codebook-Config CemigLrE e i 22
(8)
1 Nl >1 N2 21 0L 'OlNl -1 01, '02 N2 -1 12,012+001 1401 1,01 2,01 2,1 2+05 11 2+0,
(8)
2 N,>1 N,>1 01---4N; -1 01---4N; -1 NV RNV N B vy
(8)
N, =N, 01---4N; -1 01---4N; -1 by a2+ Ay 4By 1+ B 5 iy 0 g A 5+
3
(8)
N, <N, 014N, -1 0L---4N, -1 by is s+ i+ o s o+ Ay 54811 5 +4
(8)
N, =N, 01---,4N; -1 01---,4N, -1 fyyiaa Ay By 1 o112 i dy o+
4
(8)
Nl < N2 0L ’4N1 -1 0L ’4N2 -1 1000120041 2.0 241 24801 5
1 Vo,0,, Voo, Voo Voo Voo Voo Voro. Voo
where Vvl(lf's)r‘ R =T 4 44 4 "4 4 "4 4 "4 4 "4 4 "4 4 4 for
L mm v, yj V, =y} V, -y V, -V
8P Vo0, Voo Voyom Voo Voarow Vorow Voran ooy
44 44 4 "4 4 4 "4 4 "4 4 "4 4 "4
Codebook-Config = 2-4
1 Vi Vi V. . V. . - V. . V. . ]
@ =T e e e for Codebook-Config = 1
R 8P Vl,m _Vl,m VI‘,m‘ _Vll,ml VI m _Vlu,m VI m’ - 1" m
8 Layers, P=16
Value of . . .
i i
Codebook-Config CoiigrEien L 2
(8)
N,>LN,>1 | 0%---,O;N;-1 | 0L--,O,N,-1 f12.1+00i11+00 i1 11 2,11 2,01 405 g 2405
1
(8)
N2 = 1 O’l' v 'OlNl -1 0 11,19i1,1 01411720441 1+301i1 2,41 201 2411 2
(8)
2 N;>1 N, >1 01---4N; -1 01---4N;-1 ity 1+ 1 o 1 dy o+ o+
(8)
N, =N, 014N, -1 0L---4N, -1 iy 101+ 14801 1 H12)0y 9 ip 2y o+ iy 4
3
(8)
N, <N, 01---4N; -1 01---4N; -1 i1 1.ig 1 1y 1+ 2,1y o+ 2810 512
(8)
N, =N, 01---,4N; -1 01---,4N, -1 fyyiaa Ay 48111201 by 51y 21012
4
(8)
N, <N, 01---4N; -1 01---,4N, -1 12t 140110121 2y 2y 2 +8lip 512
1 [Vaon Yoo, Vaon Voo Yoron Voo, Voron Voo
Where \A/|(|8)I P— - 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 fOI’
ST NBPIVo 0, Vo0, Vo0, Vo0, Varon TVoron Voron TVoron
44 44 4 "4 4 4 "4 4 "4 4 "4 4 "4
Codebook-Config = 1
1 [Vim Vim Vo V. . V. . V.. V. . _
|(|€‘3)|“ PN = m m I')m I',m I',m 1I"m 1"m 1",m COdebOOk—Conflg =2.4
T V8P Vim VYim Vlm _Vl',m Vi _Vl",m Vit " m’
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For a UE configured with higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS B’, and one CSI-RS
resource configured, and higher layer parameter alter nativeCodebookEnabledCLASSB_K1=TRUE configured,

For 2 antenna ports {1516 }, aPMI value corresponds to the codebook index N givenin Table 7.2.4-18 with
v equal to the associated RI value.

For 4 antennaports {15,16,17,18 }, aPMI corresponds to the codebook index N givenin Table 7.2.4-19 with
v equal to the associated Rl value.

For 8 antenna ports {1516,17,18,19,20,21,22 }, aPMI value corresponds to the codebook index N givenin
Table 7.2.4-20 with v equal to the associated RI value.

where eﬁN) isalength-N column-vector where its I-th element is 1 for k=I (k,| € {O,l~ -+.N —1}), and 0 otherwise.

Table 7.2.4-18: Codebook for v-layer CSl reporting using antenna ports {15,16}

Codebook Number of layers v
index, n 1 2
111 111 1
o | Hh | 3hf
1)1 111 1
" ﬁ{—l} 5{1 —J
1)1
’ ﬁm '
AL
° 2l- '
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Table 7.2.4-19: Codebook for v-layer CSl reporting using antenna ports {151617,18 }

Codebook Number of layers v
index, n 1 2 3 4
1 [e2 1[e2) &2 1[e2 & e 1 [e? &2 o2 o2
D R | A ] |l e )| 2ale? & e o
ENEFEA R I A
1 -/ = . - - . . . ;
2 |-ef| | 2ljef) -ie?| | Jold? - -?] | 22]je” j& -je -je”
SEEAE AR A
2| i-é2| | 2|2 —e? J6|d? & _go
1 e,(()2) 1 eiz) eiz) 1 e}z) e(()z) e(()2)
Pk | 2 ]| Teld & e
.| A[P] | [l
\/E eEz) 2 e(()z) _eiz)
. | [ ] [
J2 _e£2) 2 jet()z) —Je£2)
o | [T e &
2li o] | 2[e? o
TR
2|-i-o) | 2lid? -ie?
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Table 7.2.4-20: Codebook for v-layer CSl reporting using antenna ports {1516,17,1819,20,21,22 }

Codebook Number of layers v
index, n 1 2 3 4
o | Afe] | afd @] | e A ]| e e ) e
J2 e(()“) 2 eé‘” —e(()“) J6 e(()“) —eé“) —e}“) 2.2 e(()“) e}“) —eé“) —e}“)
N AR E T
2| | 2liel) i) | Jole e ot | 22| i) - el
, | A[ ]| e @] | afd @ ]| 1A el
o j-a] | 2(e” -ef] | Vel &Y -dY] | 2/2]dY & -¢Y -
RN I I R
V2 -] | 2 -je? | Jeld? e -] | 2/2]jd? i -je? - e
. i e£4) 1 92(4) 92(4) i e£4) e£4) e,2(4) 1 e\2(4) %(4) e(f) e(34)
\/E e£4) 2 6(24) _eg4) \/6 e}4) _e}4) eg4) 2 \/_ %4) —6(24) —Q(:,4)
; 1 { e}“)} 1{ e(24) eg“) } 1 {6(24) e}“) (4)} 1 { e(;‘) %(4) e(;‘) %(4) }
J2|-¢? i) -] | Vol&¥ - -e!] | 2v2[jel!) & -jef - jel’
3 1 e}“) 1 %(4) %(4) 1 ef“) eé“) 4) 1 e24) e((,“) eg“) 984)
o) | 2[e) -] | Vele! &Y - <“ 22| & & ¢
N EEREE egw iﬁ‘” & EAIE A &) es;w
V2| id9) | 2L -] | VBld? o -eff] | 20a|jeld el - e el
1 eg“) 1 eé‘” e}“) 1 e(24) eé“) e&”
8 72| e 2|9 | | Vol —o¥ —e)
. 1 eg“) 1 e(()“) e}“) 1 e,g“) eé“) e‘(,,)
2 |- | 2]jel! -jel? | | Velel) -¢ es
o | A[E T Al T e
e’ | 2(d -] | Jele! &Y e
R A
Z2l-ie) | 2lief -] | VBl o el
1 e‘(%4) 1 e(()4) 6(34) 1 %(4) %(4) e(()4)
12 72| 2(ed _ed) To|dd —dd g
1 e‘(%4) 1 e(()4) %(4) 1 e(()4) %(4) e(()4)
13 V2| - 2[jdd | | V6|ed —dd _d)
1 %(4) 1 e£4) 6(34) 1 %(4) e(()4) e(()4)
14 2| j-e FIPCRC Joldd &9 _ o9
o | A Tafd e ] afd & e
Z2l-ie) | 2liel -] | VBld o -ef
Codebook Number of layers v
index, n 5 6
0
i{e&“) ) oY o e&“)} 1 {eé“) eé) a) oY &) e
10 - d) -d dY]| 2Bl -d) d -d Y -
1-15 - -
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Codebook Number of layers v
index, n 7 8
0
i e(()4) e(()4) e£4) e£4) e(24) eg4) e\(34)} 1 { e(()4) e(()“) e£4) e£4) eg4) eg4) 93(4) %(4)
14 e(()4) _ eg4) e£4) _ e£4) (-3(24) _ %(4) Q(a4) 4 e(()4) _ e(()4) e£4) _ e£4) eg4) _ (—3(24) %(4) _ %(4)
1-15 - =
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7.2.5 Channel-State Information — Reference Signal (CSI-RS) definition

For aserving cell and UE configured in transmission mode 9 and not configured with higher layer parameter eMIMO-
Type, the UE can be configured with one CSI-RS resource configuration.

For aserving cell and UE configured in transmission mode 9 and configured with higher layer parameter eMIMO-Type,
and eMIMO-Typeisset to ‘CLASS A’, the UE can be configured with one CSI-RS resource configuration.

For aserving cell and UE configured in transmission mode 9 and configured with higher layer parameter eMIMO-Type,
and eMIMO-Typeis set to ‘CLASS B’, the UE can be configured with one or more CSI-RS resource configuration(s).

For aserving cell and UE configured in transmission mode 10, the UE can be configured with one or more CSI-RS
resource configuration(s). The following parameters for which the UE shall assume non-zero transmission power for
CSI-RS are configured via higher layer signaling for each CSI-RS resource configuration:

- CSI-RS resource configuration identity, if the UE is configured in transmission mode 9 and configured with
higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’, the UE is configured with more
than one CSI-RS resource configurations, or if the UE is configured in transmission mode 10,

- Number of CSI-RS ports. The allowable values and port mapping are given in subclause 6.10.5 of [3].
- CSI RS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])

- CSI RS subframe configuration 1-g_grs. The allowable values are given in subclause 6.10.5.3 of [3].

- UE assumption on reference PDSCH transmitted power for CSI feedback P., if the UE isconfigured in
transmission mode 9.

- UE assumption on reference PDSCH transmitted power for CSI feedback P, for each CSI process, if the UE is
configured in transmission mode 10. If CSI subframe sets Ccg o and Ccg 1 are configured by higher layers
for aCSl process, P, isconfigured for each CSI subframe set of the CSI process.

- Pseudo-random sequence generator parameter, n,y. The allowable valuesare givenin [11].

- CDM type parameter, if the UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set
to ‘CLASS A’ for aCSl process. The allowable values are given in subclause 6.10.5.3 of [3].

- Higher layer parameter gcl-CRS-Info-r11 for Quasi co-location type B UE assumption of CRS antenna ports and
CSI-RS antenna ports with the following parameters, if the UE is configured in transmission mode 10:

- qcl-Scramblingldentity-r11.
- crs-PortsCount-r11.
- mbsfn-SubframeConfigList-r11.

P, isthe assumed ratio of PDSCH EPRE to CSI-RS EPRE when UE derives CS| feedback and takes valuesin the
range of [-8, 15] dB with 1 dB step size, where the PDSCH EPRE corresponds to the symbols for which the ratio of the
PDSCH EPRE to the cell-specific RS EPRE isdenoted by o, , as specified in Table 5.2-2 and Table 5.2-3.

A UE should not expect the configuration of CSI-RS and PMCH in the same subframe of a serving cell.

For frame structure type 2 serving cell and 4 CRS ports, the UE is not expected to receive a CSlI RS Configuration index
(see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3]) belonging to the set [20-31] for the normal CP case or the set [16-27]
for the extended CP case.

A UE may assume the CSI-RS antenna ports of a CSI-RS resource configuration are quasi co-located (as defined in [3])
with respect to delay spread, Doppler spread, Doppler shift, average gain, and average delay.

A UE configured in transmission mode 10 and with quasi co-location type B, may assume the antenna ports 0 —3
associated with qcl-CRS-Info-r11 corresponding to a CSI-RS resource configuration and antenna ports 15 — 30
corresponding to the CSI-RS resource configuration are quasi co-located (as defined in [3]) with respect to Doppler
shift, and Doppler spread.
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A UE configured in transmission mode 10, and configured with higher layer parameter eMIMO-Type, and eMIMO-Type
issetto ‘CLASSB’, and the number of configured CSI-RS resources is more than one for a CSI process, and with quasi
co-location type B, is nhot expected to receive CSI-RS resource configurations for the CSI process that have different
values of the higher layer parameter qcl-CRS-Info-r11.

A BL/CE UE configured with CEModeA or CEModeB is not expected to be configured with non-zero transmission
power CSI-RS.
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7.2.6 Channel-State Information — Interference Measurement (CSI-1M)
Resource definition

For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or more CSI-IM
resource configuration(s). The following parameters are configured via higher layer signaling for each CSI-IM resource
configuration:

- Zero-power CSI RS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])

- Zero-power CS| RS subframe configuration |~g_gs. The alowable valuesare given in subclause 6.10.5.3 of

[3].

For aserving cell, if aUE is not configured with the higher layer parameter csi-SubframePatternConfig-ri12, the UE is
not expected to receive CSI-IM resource configuration(s) that are not all completely overlapping with one zero-power
CSI-RS resource configuration which can be configured for the UE.

A UE isnot expected to receive a CSI-IM resource configuration that is not completely overlapping with one of the
zero-power CSI-RS resource configurations defined in subclause 7.2.7.

For aserving cell, if aUE is not configured with CSI subframe sets Ccg o and CCS,,1 for any CSI process, and the

UE is configured with four CSI-IM resources, then the UE is not expected to be configured with CSI processes that are
associated with all of the four CSI-IM resources.

A UE should not expect the configuration of CSI-IM resource and PMCH in the same subframe of a serving cell.

7.2.7 Zero Power CSI-RS Resource definition

For a serving cell and UE configured in transmission mode 1-9 and UE not configured with csi-
SubframePatternConfig-r12 for the serving cell, the UE can be configured with one zero-power CSI-RS resource
configuration. For a serving cell and UE configured in transmission mode 1-9 and UE configured with csi-
SubframePatternConfig-r12 for the serving cell, the UE can be configured with up to two zero-power CSI-RS resource
configurations. For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or
more zero-power CSI-RS resource configuration(s).

For a serving cell, the UE can be configured with up to 5 additional zero-power CSI-RS resource configurations
according to the higher layer parameter ds-ZeroTxPower CS-RSr12.

The following parameters are configured via higher layer signaling for each zero-power CSI-RS resource configuration:
- Zero-power CSI RS Configuration list (16-bit bitmap ZeroPowerCS-RSin [3])

- Zero-power CSI RS subframe configuration |~g_gs. The alowable values are given in subclause 6.10.5.3 of
(3].
A UE should not expect the configuration of zero-power CSI-RS and PMCH in the same subframe of a serving cell.

For frame structure type 1 serving cell, the UE is not expected to receive the 16-bit bitmap ZeroPower CSl-RS with any
one of the 6 LSB hits set to 1 for the normal CP case, or with any one of the 8 LSB bits set to 1 for the extended CP
case.

For frame structure type 2 serving cell and 4 CRS ports, the UE is not expected to receive the 16-bit bitmap
ZeroPower CS-RSwith any one of the 6 LSB bits set to 1 for the normal CP case, or with any one of the 8 LSB bits set
to 1 for the extended CP case.

A BL/CE UE configured with CEModeA or CEModeB is not expected to be configured with zero-power CSI-RS.

7.3 UE procedure for reporting HARQ-ACK

If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both
primary PUCCH group and secondary PUCCH group unless stated otherwise
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- When the procedures are applied for the primary PUCCH group, the terms ‘ secondary cell’, * secondary cells,
‘serving cell’, and ‘serving cells in this clause refer to secondary cell, secondary cells, serving cell or serving
cells belonging to the primary PUCCH group respectively unless stated otherwise.

- When the procedures are applied for secondary PUCCH group, the terms ‘ secondary cell’, *secondary cells,
‘serving cell” and ‘serving cells' in this clause refer to secondary cell, secondary cells (not including the
PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively unless stated
otherwise. The term ‘primary cell’ in this clause refers to the PUCCH-SCell of the secondary PUCCH group.

If each of the serving cell(s) configured for the UE has frame structure type 1, the UE procedure for HARQ-ACK
reporting for frame structure type 1 is given in subclause 7.3.1.

If each of the serving cell(s) configured for the UE has frame structure type 2, the UE procedure for HARQ-ACK
reporting for frame structure type 2 is given in subclause 7.3.2.

If the UE is configured with more than one serving cell, and if the frame structure type of any two configured serving
cellsisdifferent, and if the primary cell is frame structure type 1, UE procedure for HARQ-ACK reporting is given in
subclause 7.3.3.

If the UE is configured for more than one serving cell, and if the frame structure type of any two configured serving
cellsisdifferent, and if the primary cell is frame structure type 2, UE procedure for HARQ-ACK reporting is given in
subclause 7.3.4.

7.3.1 FDD HARQ-ACK reporting procedure

For FDD with PUCCH format 1a/1b transmission, when both HARQ-ACK and SR are transmitted in the same sub-
frame, a UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH format 1a/1b resource for a negative
SR transmission and transmit the HARQ-ACK on its assigned SR PUCCH resource for a positive SR transmission.

For FDD with PUCCH format 1b with channel selection, when both HARQ-ACK and SR are transmitted in the same
sub-frame a UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH resource with channel selection as
defined in subclause 10.1.2.2.1 for a negative SR transmission and transmit one HARQ-ACK bit per serving cell on its
assigned SR PUCCH resource for a positive SR transmission according to the following:

— if only one transport block or a PDCCH/EPDCCH indicating downlink SPS release is detected on a serving
cell, the HARQ-ACK hit for the serving cell isthe HARQ-ACK bit corresponding to the transport block or the
PDCCH/EPDCCH indicating downlink SPS release;

— if two transport blocks are received on a serving cell, the HARQ-ACK bit for the serving cell is generated by
spatialy bundling the HARQ-ACK bits corresponding to the transport blocks;

— if neither PDSCH transmission for which HARQ-ACK response shall be provided nor PDCCH/EPDCCH
indicating downlink SPS release is detected for a serving cell, the HARQ-ACK bit for the serving cell is set to
NACK;

and the HARQ-ACK bits for the primary cell and the secondary cell are mapped to p(0) and p(1) , respectively, where
b(0) and p(1) arespecifiedin subclause 5.4.1in[3].

For FDD, when a PUCCH format 3/4/5 transmission of HARQ-ACK coincides with a sub-frame configured to the UE
by higher layers for transmission of a scheduling request, the UE shall multiplex HARQ-ACK and SR bits on HARQ-
ACK PUCCH resource as defined in subclause 5.2.3.1 in [4], unless the HARQ-ACK corresponds to a PDSCH
transmission on the primary cell only or a PDCCH/EPDCCH indicating downlink SPS release on the primary cell only,
in which case the SR shall be transmitted as for FDD with PUCCH format 1a/1b.

For anon-BL/CE UE for FDD and for a PUSCH transmission, a UE shall not transmit HARQ-ACK on PUSCH in
subframe n if the UE does not receive PDSCH or PDCCH indicating downlink SPS release in subframe n-4.

For aBL/CE UE, for FDD and for a PUSCH transmission scheduled by an MPDCCH where the last transmission of the
MPDCCH isin subframe n-4, a UE shall not transmit HARQ-ACK on PUSCH in subframe n if thereis no PDSCH or
MPDCCH indicating downlink SPS release transmitted to the UE in subframe n-4 where the last transmission of the
PDSCH or MPDCCH indicating downlink SPS release is in subframe n-4.

When only a positive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
54.1in[3].

ETSI



3GPP TS 36.213 version 13.2.0 Release 13 179 ETSI TS 136 213 V13.2.0 (2016-08)

If aUE is configured with higher layer parameter codebooksi zeDetermination-r13 = dai, for FDD and a subframe n, the
value of the counter Downlink Assignment Indicator (DAI) in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the
accumulative number of serving cell(s) with PDSCH transmission(s) associated with PDCCH/EPDCCH and serving
cell with PDCCH/EPDCCH indicating downlink SPS release, up to the present serving cell in increasing order of
serving cell index; the value of thetotal DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the total number of
serving cell(s) with PDSCH transmission(s) associated with PDCCH/EPDCCHY(s) and serving cell with

PDCCH/EPDCCH indicating downlink SPS release. Denote VCD_"DAI ¢ asthevalue of the counter DAl in DCI format
1/1A/1B/1D/2/2A/2B/2C/2D scheduling PDSCH transmission or indicating downlink SPS release for serving cell c,

according to table 7.3.1-1. Denote VT?"DA, asthe value of the total DAI, according to Table 7.3.1-1. The UE shall

assume a same value of total DAI in all PDCCH/EPDCCH scheduling PDSCH transmission(s) and PDCCH/EPDCCH
indicating downlink SPS release in a subframe.

If aUE is configured with higher layer parameter codebooksizeDetermination-r13 = dai and if the UE transmits

HARQ-ACK using PUCCH format 3 or PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determine

the GOACK,QACK,...,GQEC'E _, according to the following pseudo-code:

Set ¢ = 0—cell index: lower indices correspond to lower RRC indices of corresponding cell
Setj=0

Set V. =0

emp
Set V=0
Set NCDehS to the number of cells configured by higher layers for the UE
whilec< NXis

if thereisa PDSCH on serving cell ¢ associated with PDCCH/EPDCCH or thereisa PDCCH/EPDCCH
indicating downlink SPS release on serving cell c,

¢ \/DL
it VeZpa,e =9

Vlon ¢ = mod(V 4)+1

temp *

end if

. DL

if VC—DAI,c SVtemp
j=j+1

end if

V

_\/DL
temp _VC—DAI ,C

if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a
transmission mode supporting two transport blocksin at least one configured serving cell,

~ ACK

L =HARQ-ACK hit corresponding to the first codeword of this cell
8j +2(V07DAI < *1)

~ ACK

08j+ 20ty -1 = HARQ-ACK bhit corresponding to the second codeword of this cell

VS = VS U {8J + 2(V(:DfLDAI c 1)’8J + 2(\/CD—LDAI c 1)+ 1}

elseif the higher layer parameter spatialBundlingPUCCH is set TRUE and the UE is configured with a
transmission mode supporting two transport blocksin at least one configured serving cell,
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~ACK
4] +VCD—LDAI <1

codewords of this cell

= binary AND operation of the HARQ-ACK bits corresponding to the first and second

Vo=V, U {41 +VCD—LDAI c _1}

else

~ACK
4j+V&o o -

. = HARQ-ACK bit of this cell

V=V, U {41 +VCD—LDAI > _l}
end if

end if
c=c+1

end while

if VTD—LDA| <\/temp
j=j+1

end if

if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a transmission
mode supporting two transport blocksin at least one configured serving cell,

0" =2. (4' ] +VT[z|bA| )
else
0" =4. ] +VTD—LDAI
end if
5% = NACK forany ie {01,..,0"* —1}\V,
if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in subframe n-4

OACK — OACK +1

ACK

O5scx_, = HARQ-ACK bit associated with the SPS PDSCH transmission
end if
For a UE configured with higher layer parameter codebooks zeDeter mination-r13 = dai, if the UE transmits HARQ-
ACK on PUSCH in asubframe, the UE shall determinethe G, 0/** ,...,Gsfcf _, according to the above

procedure asif the UE transmits HARQ-ACK using PUCCH format 3 or PUCCH format 4 or PUCCCH format 5,
except that the higher layer parameter spatialBundlingPUCCH is replaced by spatialBundlingPUSCH.
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Table 7.3.1-1: Value of counter DAI and total DAI

DL
NIIDéA‘BI VC—DAI , Number of serving cells with PDSCH transmission associated with PDCCH/EPDCCH
' DL and serving cell with PDCCH/EPDCCH indicating DL SPS release

LSB orVilon

0,0 1 lor50r9orl13orl17or21or25o0r29

0,1 2 2or6orl10or14 or 18 or 22 or 26 or 30

1,0 3 3or7orllorl5o0r19or23or27or31l

1,1 4 Oor4or8orl12or 16 or 20 or 24 or 28 or 32

If a UE is configured with higher layer parameter codebooksi zeDeter mination-r13 = cc and if the UE transmits HARQ-
ACK using PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determinethe G, 0" ,...,Gsfcf .
according to the pseudo-code in subclause 5.2.3.1 in [4].

For a UE configured with higher layer parameter codebooksi zeDetermination-r13 = cc, if the UE transmits HARQ-
ACK on PUSCH in a subframe, the UE shall determinethe G, 0" ,...,Gsfcf _, according to the pseudo-code in

subclause 5.2.2.6 in[4].

7.3.2 TDD HARQ-ACK reporting procedure

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-r12 for any serving cell, if the UE is
configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cellsis the same, UE procedure for reporting HARQ-ACK isgivenin
subclause 7.3.2.1.

For TDD, if a UE is configured with more than one serving cell and the TDD UL/DL configuration of at least two
configured serving cellsis not the same, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12
for at least one serving cell, UE procedure for reporting HARQ-ACK isgiven in subclause 7.3.2.2.

When only a positive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
54.1in[3].

7.3.2.1 TDD HARQ-ACK reporting procedure for same UL/DL configuration
Unless otherwi se stated, the procedure in this section applies to non-BL/CE UEs.

For TDD, the UE shall upon detection of a PDSCH transmission or a PDCCH/EPDCCH indicating downlink SPS
release (defined in subclause 9.2) within subframe(s) n—k, where ke K and K isdefined in Table 10.1.3.1-1
intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK responsein UL
subframe n.

For TDD, when PUCCH format 3/4/5 is configured for transmission of HARQ-ACK, for specia subframe
configurations 0 and 5 with normal downlink CP or configurations 0 and 4 with extended downlink CP in a serving cell,
shown in table 4.2-1 [3], the special subframe of the serving cell is excluded from the HARQ-ACK codebook size
determination. In this case, if the serving cell is the primary cell, there is no PDCCH/EPDCCH indicating downlink SPS
release in the special subframe.

For TDD UL/DL configurations 1-6 and one configured serving cell, if the UE is not configured with PUCCH format 3,
the value of the Downlink Assignment Index (DAI) in DCI format 0/4, V,;J AL| , detected by the UE according to Table

7.3-X insubframe N—K', where K' isdefined in Table 7.3-Y, represents the total number of subframes with PDSCH
transmissions and with PDCCH/EPDCCH indicating downlink SPS release to the corresponding UE within al the

subframe(s) n—k , whereke K. The value Vg AL, includes al PDSCH transmission with and without corresponding

PDCCH/EPDCCH within all the subframe(s) h—Kk. In case neither PDSCH transmission, nor PDCCH/EPDCCH
indicating the downlink SPS resource release is intended to the UE, the UE can expect that the value of the DAI in DCI

format 0/4, VS, , if transmitted, is set to 4.

For TDD UL/DL configuration 1-6 and a UE configured with more than one serving cell, or for TDD UL/DL
configuration 1-6 and a UE configured with one serving cell and PUCCH format 3, avalue W, is determined by the
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Downlink Assignment Index (DAI) in DCI format 0/4 according to Table 7.3-Z in subframe N—K', where K' is
defined in Table 7.3-Y. In case neither PDSCH transmission, nor PDCCH/EPDCCH indicating the downlink SPS

resource release isintended to the UE, the UE can expect that the value of Wy, is set to 4 by the DAI in DCI format
074 if transmitted.

If aUE is not configured with higher layer parameter codebooksizeDetermination-r13 = dai, for TDD UL/DL
configurations 1-6, the value of the DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the accumulative number
of PDCCH/EPDCCH (s) with assigned PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPS
release up to the present subframe within subframe(s) n—k of each configured serving cell, where ke K, and shall

be updated from subframe to subframe. Denote VSAH ¢ asthevalue of the DAl in PDCCH/EPDCCH with DCI format
1/1A/1B/1D/2/2A/2B/2C/2D detected by the UE according to Table 7.3-X in subframenN—K_ in serving cell ¢, where
km isthe smallest valueinthe set K (defined in Table 10.1.3.1-1) such that the UE detects a DCI format
1/1A/1B/1D/2/2A12B/2C/2D. When configured with one serving cell, the subscript of ¢ in VSAL, ¢ C€an be omitted.

For all TDD UL/DL configurations, denote Uy . asthetotal number of PDCCH/EPDCCH (s) with assigned

PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPS rel ease detected by the UE within the
subframe(s) n—k inserving cell c,where ke K. When configured with one serving cell, the subscript of ¢ in

Upal ¢ can beomitted. Denote N g5, which can be zero or one, as the number of PDSCH transmissions without a
corresponding PDCCH/EPDCCH within the subframe(s) n—k, where ke K .

For TDD HARQ-ACK bundling or HARQ-ACK multiplexing and asubframe n with M =1, the UE shall generate
one or two HARQ-ACK bits by performing alogical AND operation per codeword across M downlink and special

subframes associated with asingle UL subframe, of all the corresponding Uy, + Ngg individual PDSCH

transmission HARQ-ACKs and individual ACK in response to received PDCCH/EPDCCH indicating downlink SPS
release, where M isthe number of elementsintheset K defined in Table 10.1.3.1-1. The UE shall detect if at least
one downlink assignment has been missed, and for the case that the UE is transmitting on PUSCH the UE shall also

determine the parameter N qeq -

- For TDD UL/DL configuration 0, N ,qes Shal be 1 if the UE detects the PDSCH transmission with or

without corresponding PDCCH/EPDCCH, or detects PDCCH indicating downlink SPS rel ease within the
subframe n—k, where ke K. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive

PDSCH or PDCCH indicating downlink SPS release within the subframe(s) N— Kk, where ke K .

- For the case that the UE is not transmitting on PUSCH in subframe n and TDD UL/DL configurations 1-6, if

Upa >0 and Vor # (U, —1)mod4+1, the UE detects that at least one downlink assignment has been
missed.

- For the case that the UE is transmitting on PUSCH and the PUSCH transmission is adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 intended for the UE and TDD UL/DL configurations 1-6, if

Vo # (Upy + Ngs —1)mod4 +1 the UE detects that at least one downlink assignment has been missed
and the UE shall generate NACK for all codewordswhere N,,qoq iSdetermined by the UE as
Nouaed = Vo + 2. If the UE does not detect any downlink assignment missing, N,y iSdetermined by

the UE as N, geq = Vo - UE shall not transmit HARQ-ACK if U, + Ngg = O0and Vs =4.

- For the case that the UE is transmitting on PUSCH, and the PUSCH transmission is not based on a detected
PDCCH/EPDCCH with DCI format 0/4 intended for the UE and TDD UL/DL configurations 1-6, if

Upy >0 and Vor # (U, —1)mod4+1, the UE detects that at least one downlink assignment has been
missed and the UE shall generate NACK for all codewords. The UE determines Ny geq = (U pa + Neps)
as the number of assigned subframes. The UE shall not transmit HARQ-ACK if U, + Ngg =0.
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For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK without PUCCH format 4 or PUCCH

format 5 configured for transmission of HARQ-ACK, the HARQ-ACK feedback bits oégK oéfK ,...,oCAngK 1 for
"~ .

the c-th serving cell configured by RRC are constructed as follows, where c>0, OCA K = Bf " if transmission mode
configured in the c-th serving cell supports one transport block or spatial HARQ-ACK bundling is applied and

OfCK = ZBCD " otherwise, where BCD " is the number of downlink and special subframes for which the UE needs to
feedback HARQ-ACK hits for the c-th serving cell.

- For the case that the UE is transmitting on PUCCH, Bf =M where M isthe number of elementsin the set

K defined in Table 10.1.3.1-1 associated with subframen and theset K does not include a special subframe
of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP;

otherwise BP- =M —1.

- For TDD UL/DL configuration 0 or for a PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, the UE shall assume B’ =M where M isthe number of elements

intheset K defined in Table 10.1.3.1-1 associated with subframen andtheset K does not include a specia
subframe of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended

downlink CP; otherwise B> =M —1. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not
receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k , where ke K .

- For TDD UL/DL configurations{1, 2, 3, 4, 6} and a PUSCH transmission adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, the UE shall assume B>" =W[S,; . The UE shall not transmit HARQ-
ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in
subframe(s) n—k where ke K and W5, = 4.

- For TDD UL/DL configurations 5 and a PUSCH transmission adjusted based on a detected PDCCH/EPDCCH
with DCI format 0/4, the UE shall assume B>" =W, +4((U Wi )/4—' , where U denotes the

maximum value of UC among all the configured serving cells, UC isthe total number of received PDSCHs and

PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—Kk on the c-th serving cell, ke K . The
UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH

indicating downlink SPS release in subframe(s) n—k where ke K and W,;’ALl =4,

For TDD, when PUCCH format 4/5 is configured for transmission of HARQ-ACK and if the UE is configured with
higher layer parameter codebooksizeDetermination-r13 = dai, the HARQ-ACK feedback bits

o?gK oCA1CK ,...,oAC*f\CK for the c-th serving cell configured by RRC are constructed as follows, where c>0,
' ’ c,O -1

OCACK = Bf " if transmission mode configured in the c-th serving cell supports one transport block or spatial HARQ-

ACK bundling is applied and OCACK = ZBCD - otherwise, where BCD L isthe number of downlink and specia subframes
for which the UE needs to feedback HARQ-ACK bits for the c-th serving cell.

- For the case that the UE is transmitting on PUCCH, BCD =M where M isthe number of elementsin the set

K definedin Table 10.1.3.1-1 associated with subframen and theset K does not include a special subframe
of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP;

otherwise BP" =M —1.

- For the case that UE is transmitting on PUSCH not adjusted based on a detected PDCCH/EPDCCH with DCI
format 0/4, the UE shall assume B>" =M where M isthe number of elementsintheset K definedin

Table 10.1.3.1-1 associated with subframenandtheset K does not include a special subframe of
configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP;

otherwise B™" =M —1. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive
PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k , where ke K .

ETSI



3GPP TS 36.213 version 13.2.0 Release 13 184 ETSI TS 136 213 V13.2.0 (2016-08)

For TDD, when PUCCH format 3/4/5 is configured for transmission of HARQ-ACK and if the UE is not configured
with higher layer parameter codebooksizeDetermination-r13 = cc,

for TDD UL/DL configurations 1-6, the HARQ-ACK for aPDSCH transmission with a corresponding
PDCCH/EPDCCH or for aPDCCH/EPDCCH indicating downlink SPS release in subframe n—k is

associated with oé%ﬁ, (k)-1 If transmission mode configured in the c-th serving cell supports one transport

block or spatial HARQ-ACK bundling is applied, or associated with OQ%N (k)—2 and OQ%N (K)-1
otherwise, where DAI(K) isthe value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected in subframe
n-k, OQ%N (k-2 and OQ%N (k)-1 arethe HARQ-ACK feedback for codeword 0 and codeword 1,
respectively. For the case with Ngpg > 0, the HARQ-ACK associated with a PDSCH transmission without a

corresponding PDCCH/EPDCCH is mapped to oACK The HARQ-ACK feedback bits without any

c,0 K 1
detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to
NACK;
for TDD UL/DL configuration 0, the HARQ-ACK for a PDSCH transmission or for aPDCCH/EPDCCH

indicating downlink SPS release in subframe n—k isassociated with Oég " if transmission mode configured
ACK ACK

in the c-th serving cell supports one transport block or associated with O, and O, ;

02 ((,:K and 02 f ¥ arethe HARQ-ACK feedback for codeword 0 and codeword 1, respectively. The HARQ-

ACK feedback hits without any detected PDSCH transmission or without detected PDCCH/EPDCCH indicating
downlink SPS release are set to NACK.

otherwise, where

For TDD when format 1b with channel selection is configured for transmission of HARQ-ACK and for 2 configured

ACK

serving cells, the HARQ-ACK feedback bits O(fCK 01ACK yeeey Ogack_, ON PUSCH are constructed as follows.

For TDD UL/DL configuration 0, 0 = HARQ-ACK(j), 0< j < A—1 asdefined in subclause 10.1.3.2.1. The

UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH
indicating downlink SPS release in subframe(s) n—k where ke K .

For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 with WSy =L or 2, 0 is determined asif PUCCH format 3is

configured for transmission of HARQ-ACK, except that spatial HARQ-ACK bundling across multiple
codewords within a downlink or special subframe is performed for al serving cells configured with a downlink

transmission mode that supports up to two transport blocks in case WE‘,J; =2.

For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 with Wy, =3 or 4, 07 =0(j), 0< j <3asdefined in Table
10.1.3.2-5 or in Table 10.1.3.2-6 respectively, where the value of M isreplaced by WSy . The UE shall not
transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink
SPSrelease in subframe(s) n—k where ke K and WSy = 4.

For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 and asubframe n with M =Lor 2, 0“ = HARQ-ACK(j),
0< j < A-1 asdefined in subclause 10.1.3.2.1. The UE shall not transmit HARQ-ACK on PUSCH if the UE

does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where
ke K.

For TDD UL/DL configurations{1, 2, 3, 4, 6} and aPUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 and asubframe n with M =3or4, 0/ =0(j), 0< j<3as

defined in Table 10.1.3.2-5 or in Table 10.1.3.2-6 respectively. The UE shall not transmit HARQ-ACK on
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PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in
subframe(s) n—k where ke K.

For TDD HARQ-ACK bundling, when the UE is configured by transmission mode 3, 4, 8, 9 or 10 defined in subclause
7.1 and HARQ-ACK bits are transmitted on PUSCH, the UE shall aways generate 2 HARQ-ACK hits assuming both
codeword 0 and 1 are enabled. For the case that the UE detects only the PDSCH transmission associated with codeword
0 within the bundled subframes, the UE shall generate NACK for codeword 1.

Table 7.3-X: Value of Downlink Assignment Index

DAI VUL Y/ pL | Number of subframes with PDSCH transmission and
MSB, LSB | Vbai 9" Vpa with PDCCH/EPDCCH indicating DL SPS release

0,0 1 lor5o0r9

0,1 2 2or6orl10

1,0 3 3or7

1,1 4 Oor4or8

Table 7.3-Y: Uplink association index k' for TDD

TDD UL/DL subframe number n
Configuration |0 |1 |2 |3 [4|5|6|7]|8]|9
1 6|4 6|4
2 4 4

3 414 1|4

4 414

5 4

6 7171|5 717

Table 7.3-Z: Value of W, determined by the DAI field in DCI format 0/4

DAI

uL

MSB, LSB Won
0,0 1
0,1 2
1,0 3
1,1 4

For TDD HARQ-ACK multiplexing and asubframe n with M >1, spatial HARQ-ACK bundling across multiple
codewords within adownlink or special subframeis performed by alogical AND operation of al the corresponding
individual HARQ-ACKSs. In case the UE is transmitting on PUSCH, the UE shall determine the number of HARQ-ACK

feedback bits O*™ and the HARQ-ACK feedback bits 0°““ | n=0,...,0"™ —1 to betransmitted in
subframe n.

- If the PUSCH transmission is adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 intended for
the UE, then O*™ =V unless V55 =4 and U, + Ngg =0 inwhich case the UE shall not

transmit HARQ-ACK. The spatially bundled HARQ-ACK for a PDSCH transmission with a corresponding
PDCCH/EPDCCH or for a PDCCH/EPDCCH indicating downlink SPS release in subframe n—k isassociated

with Opa1 Where DAI(K) isthe value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected in
subframe n—k. For the casewith Ngg > 0, the HARQ-ACK associated with a PDSCH transmission

without a corresponding PDCCH/EPDCCH is mapped to ngc'f( 4 The HARQ-ACK feedback bits without any

detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to
NACK.
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- If the PUSCH transmission is not adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 intended
fortheUE, O*™ =M ,and 0" isassociated with the spatially bundled HARQ-ACK for downlink or

special subframe N—K , wherek € K. The HARQ-ACK feedback bits without any detected PDSCH

transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to NACK. The UE

If a UE is configured with higher layer parameter codebooksizeDeter mination-r13 = dai, the value of the counter
Downlink Assignment Indicator (DAI) in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denctes the accumulative number of
{'serving cell, subframe} -pair(s) in which PDSCH transmission(s) associated with PDCCH/EPDCCH or
PDCCH/EPDCCH indicating downlink SPS release is present, up to the present serving cell and present subframe, first
inincreasing order of serving cell index and then in increasing order of subframe index within subframe(s) n—k
where ke K ; the value of thetotal DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the total number of
{'serving cell, subframe} -pair(s) in which PDSCH transmission(s) associated with PDCCH/EPDCCH(s) or
PDCCH/EPDCCH indicating downlink SPS release is present, up to the present subframe within subframe(s) n—k

where ke K, and shall be updated from subframe to subframe. Denote VC'{LDA, ok asthevalue of the counter DAl in
DCI format 1/1A/1B/1D/2/2A/2B/2C/2D scheduling PDSCH transmission or indicating downlink SPS release for
serving cell cin subframe n—k where ke K according to table 7.3.2.1-1. Denote foD k& the value of the total

DAl insubframe n—k where ke K, according to Table 7.3.2.1-1. The UE shall assume a same value of total DAI in
all PDCCH/EPDCCH scheduling PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPSreleasein a
subframe.

If aUE is configured with higher layer parameter codebooksizeDetermination-r13 = dai and if the UE transmits

HARQ-ACK using PUCCH format 3 or PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determine

the GOACK,QACK,...,GSEC'E _, according to the following pseudo-code:

Set ¢ = 0—cell index: lower indices correspond to lower RRC indices of corresponding cell

Set m= 0 — subframe index: lower index corresponds to earlier subframe within subframe(s) n—k where ke K

Setj=0
Set Vg, =0
Set Vigp =0
Set V=0

Set NCDehS to the number of cells configured by higher layers for the UE
Set M to the number of subframes within subframe(s) n—k where ke K
whilem< M

whilec< N

if thereisaPDSCH on serving cell ¢ in subframe m associated with PDCCH/EPDCCH or thereisa
PDCCH/EPDCCH indicating downlink SPS release on serving cell ¢ in subframe m,

¢ \/DL
it VeZoarem <V,

temp
=i+l

end if
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_\/DL
Vtemp _VC—DAI ,c,m

. DL
if Vilpam= %
DL
Vtempz =V on c,m
ese
DL
Vtempz =V pa m
end if
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if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a
transmission mode supporting two transport blocksin at least one configured serving cell,

6 ACK
8j+ Z(VCD}DAI cm *1)

6 ACK
8j+ Z(VCD}DN cm _l)+1

VS :VS U {SJ + 2(\/CD—LDAI ,cm _1)’8J + 2(\/CD—LDAI ,c,m _1)+1}

=HARQ-ACK bit corresponding to the first codeword of this cell

= HARQ-ACK bhit corresponding to the second codeword of this cell

elseif the higher layer parameter spatialBundlingPUCCH is set TRUE and the UE is configured with a
transmission mode supporting two transport blocksin at least one configured serving cell,

~ ACK
4j+V % o m—1

codewords of this cell
Vs :Vs U {4J +VCD—LDAI c,m _1}
else

0/ = HARQ-ACK bit of this cell

4j+V % o m—1

Vs :Vs U {4J +VCD—LDAI ,c,m _1}

end if

c=

c+1

end while

m=m+1

end while
if \/ter‘r‘pZ

j:

end if

<V,

emp

j+1

= binary AND operation of the HARQ-ACK bits corresponding to the first and second

if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a transmission

mode supporting two transport blocks in at least one configured serving cell,

O ACK

ese

= 2(4 J +\/terrp2)
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OACK :4 J _l_\/t

emp2
5% = NACK forany ie {01,...,0° —1h\v,

if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a subframe n—k
where ke K

OACK — OACK +1

02%& = HARQ-ACK bit associated with the SPS PDSCH transmission

end if

For a UE configured with higher layer parameter codebooks zeDeter mination-r13 = dai, if the UE transmits HARQ-

ACK on PUSCH in asubframe, the UE shall determinethe G, 0/** ,...,Gcffc'ﬁ _, according to the above

procedure asif the UE transmits HARQ-ACK using PUCCH format 3 or PUCCH format 4 or PUCCCH format 5,
except that the higher layer parameter spatialBundlingPUCCH is replaced by spatialBundlingPUSCH.

Table 7.3.2.1-1: Value of counter DAI and total DAI

VCD_'-DAI o Number of {serving cell, subframe}-pair(s) in which PDSCH
MSSAII_SB oL w transmission(s) associated with PDCCH/EPDCCH or PDCCH/EPDCCH
’ orVi_pa k indicating downlink SPS release is present, denoted asY and Y =1
0.0 1 mod(Y -1,4)+1=1
01 2 mod(Y —1,4)+1=2
1,0 3 mod(Y -1,4)+1=3
11 4 mod(Y -14)+1=4

If aUE is configured with higher layer parameter codebooksi zeDetermination-r13 = cc and if the UE transmits HARQ-

ACK using PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determinethe G, 0/**“ ,...,ngc'ﬁ .

according to the pseudo-code in subclause 5.2.3.1in [4].

For a UE configured with higher layer parameter codebooksizeDetermination-r13 = cc, if the UE transmits HARQ-

ACK on PUSCH in a subframe, the UE shall determinethe O <, 0, *“" ,...,ngc'ﬁ _, according to the pseudo-code in

subclause 5.2.2.6 in [4].

For TDD when a PUCCH format 3 or a PUCCH format 4/5 configured with higher layer parameter

codebooksi zeDeter mination-r 13 = cc transmission of HARQ-ACK coincides with a sub-frame configured to the UE by
higher layers for transmission of a scheduling request, the UE shall multiplex HARQ-ACK and SR bits on HARQ-ACK
PUCCH resource as defined in subclause 5.2.3.1 in [4], unless the HARQ-ACK corresponds to one of the following
cases

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n-k_, where k e K, and for TDD UL/DL configurations 1-6 the DAI value

in the PDCCH/EPDCCH isequal to '1' (defined in Table 7.3-X), or a PDCCH/EPDCCH indicating downlink
SPS release (defined in subclause 9.2) in subframe n—k_, where ke K, and for TDD UL/DL configurations

1-6 the DAI value in the PDCCH/EPDCCH isequal to '1', or

- asingle PDSCH transmission only on the primary cell where thereis not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where ke K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where ke K, or
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- aPDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH detected
within subframe(s) n—k, where ke K and an additional PDSCH transmission only on the primary cell
indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n—k_, where k e K withthe
DAI valuein the PDCCH/EPDCCH equal to '1' (defined in Table 7.3-X) or a PDCCH/EPDCCH indicating
downlink SPS release (defined in subclause 9.2) in the subframe n—k_ , where k e K with the DAl valuein

the PDCCH/EPDCCH equal to '1',

in which case the UE shall transmit the HARQ-ACK and scheduling request according to the procedure for PUCCH
format 1b with channel selectionin TDD.

For TDD when a PUCCH format 4/5 configured with higher layer parameter codebooksizeDetermination-r13 = dai
transmission of HARQ-ACK coincides with a sub-frame configured to the UE by higher layers for transmission of a
scheduling request, the UE shall multiplex HARQ-ACK and SR hits on HARQ-ACK PUCCH resource as defined in
subclause 5.2.3.1 in [4], unless the HARQ-ACK corresponds to one of the following cases

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n—k_, where k e K, and the counter DAI value in the PDCCH/EPDCCH is

equal to "1’ (defined in Table 7.3.2.1-1), or asingle PDCCH/EPDCCH indicating downlink SPS release (defined
in subclause 9.2) in subframe n—k_, where ke K, and the counter DAI value inthe PDCCH/EPDCCH is

equal to'1', or

- asingle PDSCH transmission only on the primary cell where thereis not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where ke K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where ke K, or

- aPDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH detected
within subframe(s) n—k, where ke K and an additional PDSCH transmission only on the primary cell
indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n—k_ , where k e K withthe

counter DAI value in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3.2.1-1) or an additional
PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) in the subframe n—k_ , where

k, e K withthe counter DAI value inthe PDCCH/EPDCCH isequal to '1' (defined in Table 7.3.2.1-1),

in which case the UE shall transmit the HARQ-ACK and scheduling request according to the procedure for PUCCH
format 1b with channel selectionin TDD.

For TDD when the UE is configured with HARQ-ACK bundling, HARQ-ACK multiplexing or PUCCH format 1b with
channel selection, and when both HARQ-ACK and SR are transmitted in the same sub-frame, a UE shall transmit the
bundled HARQ-ACK or the multiple HARQ-ACK responses (according to subclause 10.1) on its assigned HARQ-
ACK PUCCH resources for anegative SR transmission. For a positive SR, the UE shall transmit b(0),b(1) onits

assigned SR PUCCH resource using PUCCH format 1b according to subclause 5.4.1in [3]. The value of b(0),b(1) are
N(%Lls -1
generated according to Table 7.3-1 fromthe Ngpg + ZU pal,c HARQ-ACK responsesincluding ACK in response
c=0
to PDCCH/EPDCCH indicating downlink SPS release by spatial HARQ-ACK bundling across multiple codewords
N(I:?alLIs -1
within each PDSCH transmission for all serving cells NCDehs. For TDD UL/DL configurations 1-6, if ZU palc >0
c=0
and VY ¢ # (Upa ¢ —1)mod4+1 for aserving cell ¢, the UE detects that at least one downlink assignment has been
missed.
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Table 7.3-1: Mapping between multiple HARQ-ACK responses and b(0),b(1)

’\lol:;ll_ls_:L
Number of ACK among multiple (Ngpg + ZU DAl ¢ ) HARQ-ACK responses b(0),b(1)

c=0
0 or None (UE detect at least one DL assignment is missed)

©o|lo|N|o|o|s|w Nk
= =l =]
ROk |k|lo|lk|lk|lo|lk|o

For TDD if the parameter simultaneousAckNackAndCQI provided by higher layersis set TRUE, and if the UE is
configured with HARQ-ACK bundling, HARQ-ACK multiplexing or PUCCH format 1b with channel selection, and if
the UE receives PDSCH and/or PDCCH/EPDCCH indicating downlink SPS release only on the primary cell within

subframe(s) n—k, where ke K, aUE shall transmit the CSI and b(0),b(1) using PUCCH format 2b for normal CP
or PUCCH format 2 for extended CP, according to subclause 5.2.3.4 in [4] with aj,a; replaced by b(0),b(1) . The
N -1

value of b(0),b(1) are generated according to Table 7.3-1 fromthe Ngpg + ZU pal,c HARQ-ACK responses
including ACK in response to PDCCH/EPDCCH indicating downlink SPS rele;sg by spatial HARQ-ACK bundling
across multiple codewords within each PDSCH transmission for all serving cells Nc'%hs. For TDD UL/DL

N -1
configurations 1-6, if ZU Al >0 and Vou o # (Upa c—1)mod4+1 for aserving cell ¢, the UE detects that at
least one downlink assig;n?ent has been missed.

For TDD if the parameter simultaneousAckNackAndCQI provided by higher layersis set TRUE, and if the UE is
configured with PUCCH format 1b with channel selection and receives at least one PDSCH on the secondary cell

within subframe(s) n—k, where ke K, the UE shall drop the CSI and transmit HARQ-ACK according to subclause
10.1.3.

For TDD and a UE is configured with PUCCH format 3,
if the parameter simultaneousAckNackAndCQl is set TRUE and if the UE receives,

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n-k_, where k_e K, and for TDD UL/DL configurations 1-6 the DAI value

in the PDCCH/EPDCCH isequal to '1' (defined in Table 7.3-X), or a PDCCH/EPDCCH indicating downlink
SPS release (defined in subclause 9.2) in subframe n—k_, where ke K, and for TDD UL/DL configurations

1-6 the DAI valuein the PDCCH/EPDCCH isequal to '1', or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where ke K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where ke K,

then the UE shall transmit the CSlI and HARQ-ACK using PUCCH format 2/2a/2b according to subclause 5.2.3.4in [4];
elseif

- the parameter simultaneousAckNackAndCQI-Format3-r1l is set TRUE and if PUCCH format 3 resource is
determined according to subclause 10.1.3.1 or subclause 10.1.3.2.2 and

- if the total number of bits in the subframe corresponding to HARQ-ACKSs, SR (if any), and the CSl is not
larger than 22, or
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- if the total number of bits in the subframe corresponding to spatially bundled HARQ-ACKs, SR (if any), and
the CSl is not larger than 22

then the UE shall transmit the HARQ-ACKSs, SR (if any) and the CSl using the determined PUCCH format 3 resource
according to [4];

else,
- the UE shall drop the CSI and transmit the HARQ-ACK according to subclause 10.1.3.

For TDD and a UE configured with PUCCH format 4 or PUCCH format 5, and if the UE has HARQ-ACK/SR and
periodic CSl reports to transmit in a subframe,

- ifaPUCCH format 3 is determined to transmit the HARQ-ACK/SR according to subclause 10.1.3.2.3 or
10.1.3.2.4, the UE shall use the determined PUCCH format 3 for transmission of the HARQ-ACK/SR and
periodic CSI report(s) if the parameter simultaneousAckNackAndCQI-Format3-r11 provided by higher
layersis set TRUE; otherwise, the UE shall drop the periodic CSI report(s) and transmit only HARQ-
ACK/SR;

- ifaPUCCH format 4 is determined to transmit the HARQ-ACK/SR according to subclause 10.1.3.2.3 or a
PUCCH format 5 is determined to transmit the HARQ-ACK/SR according to 10.1.3.2.4, the UE shall use
the determined PUCCH format 4 or PUCCH format 5 for transmission of the HARQ-ACK/SR and periodic
CSl report(s) if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher
layersis set TRUE; otherwise, the UE shall drop the periodic CSI report(s) and transmit only HARQ-
ACK/SR;

- if thereisno PUCCH format 3 or 4 determined to transmit the HARQ-ACK/SR according to subclause
10.1.3.2.3 and thereis no PUCCH format 3 or 5 determined to transmit the HARQ-ACK/SR according to
subclause 10.1.3.2.4 and there are more than one periodic CSI report(s) in the subframe,

0 if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layersis
set TRUE and if the UE is configured with a single PUCCH format 4 resource n¢_ ., according to
higher layer parameter format4-MultiCS -resourceConfiguration, the PUCCH format 4 resource
n{., isused for transmission of the HARQ-ACK/SR and periodic CSI report(s);

0 if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layersis
set TRUE and if the UE is configured with a PUCCH format 5 resource n®__, according to higher

layer parameter format5-MultiCSl-resourceConfiguration, the PUCCH format 5 resource n®_ is
used for transmission of the HARQ-ACK/SR and periodic CSI report(s);

o if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layersis
set TRUE and if the UE is configured with two PUCCH format 4 resources p@® and

PUCCH,1

according to higher layer parameter format4-MultiCSl -resourceConfiguration, if

(o AK L OF 40, g +Ocpe ) < min(M puccra. | puccre ) N . NfUCoH 2., the PUCCH format 4 resource
with the smaller m PaccHa between n(_ . and Ncn » is used for transmission of the HARQ-
ACK/SR and periodic CSI report(s); otherwise, the PUCCH format 4 resource with the larger

M PUccH4 between p® and n®w is used for transmission of the HARQ-ACK/SR periodic

RB,i PUCCH,1 PUCCH,2

CSl report(s), where

(4
NpoceH, 2

= 0" isthetotal number of HARQ-ACK bitsin the subframe;
» O =if thereis no scheduling request bit in the subframeand O =1 otherwise

* 0,4 Isthetotal number of CSI report bitsin the subframe;
" Qg isthenumber of CRC bits;

= M, =12, isthe number of PRBsfor n( .~ and N, respectively, according

to higher layer parameter number OfPRB-format4-r 13 according to Table 10.1.1-2;
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" NP g, (N;}Lnb —1)-1 if shortened PUCCH format 4 is used in the subframe and
N;Jmcbcm _ 2‘(N;||;1b _]_) otherwise; and

= I isthecode rate given by higher layer parameter maximumPayloadCoderate-r13
according to Table 10.1.1-1.

0 otherwise, the UE shall drop the periodic CSl reports and transmit only HARQ-ACK/SR.

- if thereisno PUCCH format 3 or 4 determined to transmit the HARQ-ACK/SR according to subclause
10.1.3.2.3 and there isno PUCCH format 3 or 5 determined to transmit the HARQ-ACK/SR according to
subclause 10.1.3.2.4 and there is only one periodic CSl report in the subframe,

o if thereisno positive SR and the parameter simultaneousAckNackAndCQI is set TRUE and if the
UE receives,

= asingle PDSCH transmission only on the primary cell indicated by the detection of a
corresponding PDCCH/EPDCCH in subframe n-k_, where k e K, and the counter

DAI valuein the PDCCH/EPDCCH isequal to '1' (defined in Table 7.3-X), or a
PDCCH/EPDCCH indicating downlink SPS rel ease (defined in subclause 9.2) in subframe
n-k. ., where k_ e K, and the counter DAI value in the PDCCH/EPDCCH is equal to '1',

or

= asingle PDSCH transmission only on the primary cell where there is not a corresponding
PDCCH/EPDCCH detected within subframe(s) n—k, where ke K and no
PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) within
subframe(s) n—k, where ke K,

then the UE shall transmit the CSl and HARQ-ACK using PUCCH format 2/2a/2b according to
subclause 5.2.3.4in [4];

0 €lse

the UE shall drop the CS| and transmit the HARQ-ACK according to subclause 10.1.3.2.3 or
10.1.3.2.4 when UE shall transmit HARQ-ACK only or UE shall drop the CSI and transmit the
HARQ-ACK and SR according to the procedure for PUCCH format 1b with channel selectionin
TDD when thereis positive SR.

- If aUE transmits HARQ-ACK/SR and periodic CSl report(s) using either aPUCCH format 4 n( ., or
PUCCH format 5 n)_, in asubframe

o it (0" +0%+0, g +Ouc)< 2 Nee T, the UE shall transmit the HARQ-ACK/SR
and periodic CSl bits using the PUCCH format 4 n(). ., or the PUCCH format 5 n®

ICCH PUCCH '’

o if (0" +OF+0, g +O0uc)> 2 N -1, the UE shall select Nes repories €S
report(s) for transmission together with HARQ-ACK/SR in ascending order of Pri cs (y, S, C,t),
where Prig (Y,S,C,t), Nge and r are determined according to subclause 7.2.2; the value of

NCSI ,reported

. ACK R
Nt reported SAISTES [o +O%F + Zopc5|,n+oCRC]s2.NRE-r and

n=1

N CSl, reported +1

[OACK +OF 4+ ZOP7CS|’n +OCRCJ >2-Nge-r,and Op g n Isthe number of CSI
n=1

report bits for the nth CSI report in ascending order of Pri cs (y, S, C,t).
For TDD and aBL/CE UE,

- if the UE is configured with csi-NumRepetitionCE equal to 1 and mPDCCH-NumRepetition equal to 1,
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- the UE behaviour for HARQ-ACK reporting is the same as that of a non-BL/CE UE with TDD, except:
- PDCCH/EPDCCH isreplaced by MPDCCH; and
- DCI format 1/1A/1B/1D/2/2A/2B/2C/2D is replaced by DCI format 6-1A; and
- DCI format 0/4 isreplaced by DCI format 6-0A; and

- PUCCH istransmitted in a set of BL/CE UL subframe(s) according to section 10.2 for TDD and BL/CE
UEs;

- €ese

- the UE is not expected to receive more than one PDSCH transmission, or more than one of PDSCH and
MPDCCH indicating downlink SPS releases, with transmission ending within subframe(s) n—k, where
ke K and K isdefinedin Table 10.1.3.1-1 intended for the UE;

- The UE behavior for HARQ-ACK reporting is the same as that of a BL/CE UE with FDD, except:
- PUCCH resource is determined according to section 10.1.3.1; and

- PUCCH istransmitted in a set of BL/CE UL subframe(s) according to section 10.2 for TDD and BL/CE
UEs.

If the BL/CE UE is configured in CEModeA, and if the PDSCH is assigned by or semi-statically scheduled by a
MPDCCH with DCI format 6-1A, the UE shall assume no PDSCH repetition if the higher layer parameter csi-
NumRepetitionCE-r 13 indicates one subframe.

7.3.2.2 TDD HARQ-ACK reporting procedure for different UL/DL configurations

For a configured serving cell, the DL-reference UL/DL configuration as defined in subclause 10.2 is referred to as the
"DL-reference UL/DL configuration” in the rest of this subclause.

For a configured serving cell, if a UE is not configured with higher layer parameter codebooksizeDeter mination-r13 =
dai and if the DL-reference UL/DL configuration is 0, then the DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D is not
used.

The UE shall upon detection of a PDSCH transmission or a PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k for serving cell ¢, where K e KC intended for the UE and for
which HARQ-ACK response shall be provided, transmit the HARQ-ACK response in UL subframe n, wherein set
KC contains values of K€ K such that subframe n-k corresponds to adownlink subframe or a special subframe for

serving cell ¢, where DL subframe or special subframe of serving cell ¢ is according to the higher layer parameter
eimta-HARQ-ReferenceConfig-ri12 if the UE is configured with the higher layer parameter EIMTA-
MainConfigServCell-ri2 for servingcell c; K defined in Table 10.1.3.1-1 (where "UL/DL configuration™ in Table
10.1.3.1-1 refers to the DL -reference UL/DL configuration) is associated with subframen. M is the number of

elementsinset K associated with subframe n for serving cell c.

For the remainder of thissubclause K =K.

If the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for the primary cell, “UL/DL configuration
of the primary cell” in the rest of this subclause refersto “DL-reference UL/DL configuration of the primary cell”.

When PUCCH format 3/4/5 is configured for transmission of HARQ-ACK, for special subframe configurations 0 and 5
with normal downlink CP or configurations 0 and 4 with extended downlink CP in a serving cell, shown in table 4.2-1
[3], the special subframe of the serving cell is excluded from the HARQ-ACK codebook size determination. In this
case, if the serving cell isthe primary cell, there is no PDCCH/EPDCCH indicating downlink SPS release in the special
subframe.

If the UL-reference UL/DL configuration (defined in Sec 8.0) belongsto {1,2,3,4,5,6} for aserving cell, avalue
w,;;; is determined by the Downlink Assignment Index (DAI) in DCI format 0/4 corresponding to a PUSCH on the

serving cell according to Table 7.3-Z in subframe N—K', where K' isdefined in Table 7.3-Y and the"TDD UL/DL
Configuration” in Table 7.3-Y refersto the UL-reference UL/DL configuration (defined in subclause 8.0) for the
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serving cell. In case neither PDSCH transmission, nor PDCCH/EPDCCH indicating the downlink SPS resource release
isintended to the UE, the UE can expect that the value of WSy isset to 4 by the DA in DCI format 0/4 if transmitted.

If a UE is not configured with higher layer parameter codebooksizeDetermination-r13 = dai and if the DL-reference
UL/DL configuration belongsto {1,2,3,4,5,6}, the value of the DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D
denotes the accumulative number of PDCCH/EPDCCH (s) with assigned PDSCH transmission(s) and

PDCCH/EPDCCH indicating downlink SPS release up to the present subframe within subframe(s) n—k of each
configured serving cell, where ke K, and shall be updated from subframe to subframe. Denote VSAH ¢ asthevalue of
the DAl in PDCCH/EPDCCH with DCI format 1/1A/1B/1D/2/2A/2B/2C/2D detected by the UE according to Table
7.3-X insubframenN—K_ inserving cell ¢, where K, isthesmallest valueintheset K such that the UE detects a
DCI format 1/1A/1B/1D/2/2A/2B/2C/2D.

For all TDD UL/DL configurations, denote Upa ¢ asthetotal number of PDCCH/EPDCCH (s) with assigned
PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPS rel ease detected by the UE within the
subframe(s) n—k inservingcell c¢,where ke K. Denote N s Which can be zero or one, as the number of

PDSCH transmissions without a corresponding PDCCH/EPDCCH within the subframe(s) n—k, where ke K.

If PUCCH format 3 is configured for transmission of HARQ-ACK without PUCCH format 4/5 configured for

transmission of HARQ-ACK, the HARQ-ACK feedback hits oégK oéfK ocAg§CK N for the c-th serving cell
e —

configured by RRC are constructed as follows, where c>0, Of X = BCD " if transmission mode configured in the c-th
serving cell supports one transport block or spatial HARQ-ACK bundling is applied and OfCK = ZBCD L otherwi Se,

where BCD L isthe number of downlink and specia subframes for which the UE needs to feedback HARQ-ACK bits for
the c-th serving cell.
- For the case that the UE is transmitting in subframe n on PUCCH or a PUSCH transmission not adjusted based
on adetected DCI format 0/4 or aPUSCH transmission adjusted based on an associated detected DCI format 0/4
with UL -reference UL/DL configuration O (defined in Sec 8.0), then BC" = M _ . The UE shall not transmit

HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS
release in subframe(s) n—k , where ke K .

- If DL-reference UL/DL configuration of each of the configured serving cellsbelongsto {0, 1, 2, 3, 4, 6} and for
aPUSCH transmission in a subframe n adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4
using UL -reference UL/DL configuration belonging to {1,2,3,4,5,6} (defined in Sec 8.0), the UE shall assume

B> =min(W.% , M. ). The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive
PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where ke K and
WSy = 4.

- |f DL-reference UL/DL configuration of at |east one configured serving cell belongsto { 5} and for a PUSCH

transmission adjusted based on an associated detected PDCCH/EPDCCH with DCI format 0/4 using UL-
reference UL/DL configuration belonging to {1,2,3,4,5,6} (defined in Sec 8.0), the UE shall assume

B2 =minW., +Zq U-wW )/a L M. ), where U denotes the maximum value of U, among all the
configured serving cells, UC isthe total number of received PDSCHs and PDCCH/EPDCCH indicating

downlink SPSrelease in subframe(s) n—k for the c-th serving cell, ke K . The UE shall not transmit HARQ-
ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS releasein

subframe(s) n—k where ke K and WSy = 4.

If PUCCH format 4/5 is configured for transmission of HARQ-ACK and higher layer parameter

ACK _ACK ACK

codebooksizeDetermination-r13 = cc is not configured, the HARQ-ACK feedback bits o; g™ Oc1 e O Sack g for
" -

the c-th serving cell configured by RRC are constructed as follows, where c>0, OCA K = BCD L if transmission mode
configured in the c-th serving cell supports one transport block or spatial HARQ-ACK bundling is applied and
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O = 2B?>" otherwise, where BP" s the number of downlink and special subframes for which the UE needs to
feedback HARQ-ACK hits for the c-th serving cell.

For the case that the UE is transmitting in subframe n on PUCCH or a PUSCH transmission not adjusted based
on adetected DCI format 0/4 or a PUSCH transmission adjusted based on an associated detected DCI format

0/4, then B = M _ . The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or
PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k , where ke K .

When PUCCH format 3/4/5 is configured for transmission of HARQ-ACK and if the UE is not configured with higher
layer parameter codebooksizeDetermination-r13 = cc,

if DL-reference UL/DL configuration belongsto {1,2,3,4,5,6}, the HARQ-ACK for a PDSCH transmission
with a corresponding PDCCH/EPDCCH or for a PDCCH/EPDCCH indicating downlink SPS release in

subframe n—k isassociated with oé%ﬁ, (k)-1 if transmission mode configured in the c-th serving cell
supports one transport block or spatial HARQ-ACK bundling is applied, or associated with OQZCSN (k)—2 and
ObShAI(k)-1 Otherwise, where DAI(K) is the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected

insubframe n—k, OQ%N (k)—2 and OQ%N (k)-1 arethe HARQ-ACK feedback for codeword 0 and
codeword 1, respectively. For the case with Ngpg >0, the HARQ-ACK associated with a PDSCH

transmission without a corresponding PDCCH/EPDCCH is mapped to ocAg}iCK —1 The HARQ-ACK feedback

bits without any detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS
release are set to NACK;

if DL-reference UL/DL configuration is 0, the HARQ-ACK for aPDSCH transmission or for a
PDCCH/EPDCCH indicating downlink SPS releasein subframe n—k isassociated with Ol
mode configured in the c-th serving cell supports one transport block or spatial HARQ-ACK bundling is applied,
or associated with OégK and ch\lc “ otherwise, where Oég “ and Oéf ¥ arethe HARQ-ACK feedback for

codeword 0 and codeword 1, respectively. The HARQ-ACK feedback bits without any detected PDSCH
transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to NACK.

if transmission

If DL-reference UL/DL configuration of each of the serving cells belongsto {0,1,2,3,4,6} and if PUCCH format 1b
with channel selection is configured for transmission of HARQ-ACK and for two configured serving cells, the HARQ-

ACK ACK

ACK feedback bits ochK 0, " ey Oack , ON PUSCH are constructed as follows

if UL-reference UL/DL configuration (defined in Sec 8.0) belongsto {1, 2, 3, 4, 6}, for aPUSCH transmission
adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 with Wy =1or 2, 07 isdetermined

asif PUCCH format 3 is configured for transmission of HARQ-ACK, except that spatidl HARQ-ACK bundling
across multiple codewords within a downlink or special subframe is performed for all serving cells configured

with a downlink transmission mode that supports up to two transport blocks in case WE‘,J; =2, where the UL-
reference UL/DL configuration isthe UL-reference UL/DL configuration of the serving cell corresponding to the
PUSCH transmission.

if UL-reference UL/DL configuration (defined in Sec 8.0) belongsto {1, 2, 3, 4, 6}, for aPUSCH transmission
adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 with Wy =3 or 4, 0™ =0(j)

0< j<3asdefinedinTable 10.1.3.2-5 or in Table 10.1.3.2-6 respectively, where the value of M isreplaced by

W[L)“,;, where the UL -reference UL/DL configuration isthe UL-reference UL/DL configuration of the serving

cell corresponding to the PUSCH transmission. The UE shall not transmit HARQ-ACK on PUSCH if the UE
does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where

ke K and Wy = 4.
if UL-reference UL/DL configuration (defined in Sec 8.0) is 0, or if UL-reference UL/DL configuration (defined

in Sec 8.0) belongsto {1, 2, 3, 4, 6}, for aPUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, for asubframe n with M =1or 2(M defined in Sec 10.1.3.2.1),

ETSI



3GPP TS 36.213 version 13.2.0 Release 13 196 ETSI TS 136 213 V13.2.0 (2016-08)

OjACK = HARQ-ACK(j), 0< j < A—1 asdefined in subclause 10.1.3.2.1, where the UL -reference UL/DL

configuration is the UL-reference UL/DL configuration of the serving cell corresponding to the PUSCH
transmission. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or

PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where ke K .

- if UL-reference UL/DL configuration (defined in Sec 8.0) is 0, or if UL-reference UL/DL configuration (defined
in Sec 8.0) belongsto {1, 2, 3, 4, 6} and, for aPUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, for asubframe n with M =3 or 4 (M defined in Sec 10.1.3.2.1),

OjACK =0(]), 0< j <3asdefined in Table 10.1.3.2-5 or in Table 10.1.3.2-6 respectively, where the UL -

reference UL/DL configuration isthe UL-reference UL/DL configuration of the serving cell corresponding to the
PUSCH transmission. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or
PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where ke K .

If aUE is configured with higher layer parameter codebooksizeDeter mination-r13 = dai, the value of the counter
Downlink Assignment Indicator (DAI) in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the accumulative number of
{serving cell, subframe} -pair(s) in which PDSCH transmission(s) associated with PDCCH/EPDCCH or
PDCCH/EPDCCH indicating downlink SPS release is present, up to the present serving cell and present subframe, first
inincreasing order of serving cell index and then in increasing order of subframe index within subframe(s) n—Kk
where ke U K, and Cisthe set of configured serving cells; the value of the total DAI in DCI format
ieC
1/1A/1B/1D/2/2A/2B/2C/2D denotes the total number of { serving cell, subframe} -pair(s) in which PDSCH
transmission(s) associated with PDCCH/EPDCCH(s) or PDCCH/EPDCCH indicating downlink SPS release is present,
up to the present subframe within subframe(s) n—k where ke U K. and Cisthe set of configured serving cells,
ieC
and shall be updated from subframe to subframe. Denote Vc[iLDA, ok asthevalue of the counter DAl in DCI format
1/1A/1B/1D/2/2A/2B/2C/2D scheduling PDSCH transmission or indicating downlink SPS release for serving cell cin
subframe n—k where ke U K, according to table 7.3.2.1-1. Denote V>, , asthevalue of the total DAI in
ieC '
subframe n—k where ke U K., according to Table 7.3.2.1-1. The UE shall assume a same value of total DAl in all
ieC
PDCCH/EPDCCH scheduling PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPSreleasein a

subframe. For aserving cell candavalue ke U K, but ke K_, the {serving cell, subframe} -pair {c, n—k} is
ieC
excluded when determining the values of counter DAI and total DAI for HARQ-ACK transmission in subframe n.

If aUE is configured with higher layer parameter codebooksizeDetermination-r13 = dai and if the UE transmits

HARQ-ACK using PUCCH format 3 or PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determine

the GOACK,QACK,...,GQEC'E _, according to the following pseudo-code:

Set ¢ = 0—cell index: lower indices correspond to lower RRC indices of corresponding cell

Set m= 0 — subframe index: lower index corresponds to earlier subframe within subframe(s) n—k where

ke UK,
ieC

Setj=0

Set Vigrp, =0

Set Vigrpz =0

st V. =0

Set NZJjs tothe number of cells configured by higher layers for the UE
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Set M to the number of subframes within subframe(s) n—k where ke U K,
ieC

whilem< M
. DL
whilec < Ngis

if thereisa PDSCH on serving cell ¢ in subframe m associated with PDCCH/EPDCCH or thereisa
PDCCH/EPDCCH indicating downlink SPS release on serving cell ¢ in subframe m, and if subframe m

belongs to the set of subframe(s) N—k where ke K_,

¢ \/DL
it VeZoarem <V,

temp
j=j+1
end if
DL
\/temp :VC—DAI cm
. DL
if Viloam= %

_\s/bL
\/temp2 _VC—DAI ,c,m
else

Vi = Vi

temp2 T-DAI,m
end if

if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a
transmission mode supporting two transport blocksin at least one configured serving cell,

58’?32(\/ oL L) = HARQ-ACK bit corresponding to the first codeword of this cell
0/ = HARQ-ACK hit corresponding to the second codeword of this cell

8j+ Z(VCD}DAI cm *1)*'1
Vs :Vs U {81 + 2(VCD—LDAI cm 1)’81 + 2(VCD—LDAI cm 1)+ 1}

elseif the higher layer parameter spatialBundlingPUCCH is set TRUE and the UE is configured with a
transmission mode supporting two transport blocksin at least one configured serving cell,

~ ACK
4j +VCDfLDAI c,m™

codewords of this cell

L= binary AND operation of the HARQ-ACK bits corresponding to the first and second

Ve =V, U {4J +VCD—LDAI cm _1}
else

0/ = HARQ-ACK bit of this cell

4]V om—1
Vs :Vs U {41 +VCD—LDAI .c,m _l}

end if

end if
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c=c+1
end while
m=m+1
end while
if V

temp2

<V,

temp
j=j+1
end if

if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with atransmission
mode supporting two transport blocks in at least one configured serving cell,

O = 2:(4- | +Viupo)
else
OACK :4 J +\/ten.p2
end if
5% = NACK forany ie {01,...,0% —1h\v,
if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a subframe n—k
where ke U K,
ieC
OACK =OACK +1

ACK

OOACK e HARQ-ACK bit associated with the SPS PDSCH transmission
end if
For a UE configured with higher layer parameter codebooks zeDeter mination-r13 = dai, if the UE transmits HARQ-
ACK on PUSCH in asubframe, the UE shall determinethe G, 0" ,...,Gsfcf _, according to the above

procedure asif the UE transmits HARQ-ACK using PUCCH format 3 or PUCCH format 4 or PUCCCH format 5,
except that the higher layer parameter spatialBundlingPUCCH is replaced by spatialBundlingPUSCH.

If aUE is configured with higher layer parameter codebooksi zeDetermination-r13 = cc and if the UE transmits HARQ-
~ ACK ~ ACK

ACK using PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determine the GOACK 7O e Ok
according to the pseudo-code in subclause 5.2.3.1in [4].

For a UE configured with higher layer parameter codebooksizeDetermination-ri13 = cc, if the UE transmits HARQ-
ACK on PUSCH in a subframe, the UE shall determinethe O ", 0" ,...,Gsfcf _, according to the pseudo-code in

subclause 5.2.2.6 in[4].

When a PUCCH format 3 transmission of HARQ-ACK coincides with a sub-frame configured to the UE by higher
layers for transmission of a scheduling request, the UE shall multiplex HARQ-ACK and SR bits on HARQ-ACK
PUCCH resource as defined in subclause 5.2.3.1 in [4], unless the HARQ-ACK corresponds to one of the following
cases

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n-k_, where k_e K, and for UL/DL configuration of the primary cell

belonging to { 1,2,3,4,5,6}, the DAI value in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3-X), or a
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PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-k_, where
k, e K, and for UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the
PDCCH/EPDCCH isequal to '1', or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where ke K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where ke K, or

- aPDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH detected
within subframe(s) n—k, where ke K and an additional PDSCH transmission only on the primary cell
indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n-k_, where k_e K withthe

DAI vauein the PDCCH/EPDCCH equal to '1' (defined in Table 7.3-X) or a PDCCH/EPDCCH indicating
downlink SPS release (defined in subclause 9.2) in the subframe n—k_, where k e K with the DAI valuein

the PDCCH/EPDCCH equal to '1',

in which case the UE shall transmit the HARQ-ACK and scheduling request according to the procedure for PUCCH
format 1b with channel selectionin TDD.

When a PUCCH format 4/5 transmission of HARQ-ACK coincides with a sub-frame configured to the UE by higher
layers for transmission of a scheduling request, the UE shall follow the same procedure described in subclause 7.3.2.1.

If the parameter simultaneousAckNackAndCQI provided by higher layersis set TRUE, and if the UE is configured with
PUCCH format 1b with channel selection, and if the UE receives PDSCH and/or PDCCH/EPDCCH indicating

downlink SPS release only on the primary cell within subframe(s) n—k, where ke K, aUE shall transmit the CS|
and b(0),b(1) using PUCCH format 2b for normal CP or PUCCH format 2 for extended CP, according to subclause

5.2.34in[4] with ag,a; replaced by b(0),b(1). Thevalueof b(0),b(1) are generated according to Table 7.3-1 from
N(Eahs -1
the Ngpg + ZU pal,c HARQ-ACK responsesincluding ACK in response to PDCCH/EPDCCH indicating
c=0
downlink SPS release by spatial HARQ-ACK bundling across multiple codewords within each PDSCH transmission for
NC%ILIS -1
all serving cells N(?ehs. If DL-reference UL/DL configuration belongsto { 1,2,3,4,5,6} and, if ZU pal ¢ >0 and
c=0
VO ¢ # (Upa ¢ —1)mod4+1 for aserving cell ¢, the UE detects that at least one downlink assignment has been
missed.
If the parameter simultaneousAckNackAndCQI provided by higher layersis set TRUE, and if the UE is configured with

PUCCH format 1b with channel selection and receives at least one PDSCH on the secondary cell within subframe(s)
n—k, where ke K, the UE shall drop the CSI and transmit HARQ-ACK according to subclause 10.1.3.

When both HARQ-ACK and CSl are configured to be transmitted in the same sub-frame and if a UE is configured with
PUCCH format 3 and not configured with PUCCH format 4/5,

if the parameter simultaneousAckNackAndCQlI is set TRUE and if the UE receives
- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding

PDCCH/EPDCCH in subframe n—k_, where k e K, and for UL/DL configuration of the primary cell

belonging to { 1,2,3,4,5,6} the DAI value in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3-X), or a
PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-k_,, where

k, e K, andfor UL/DL configuration of the primary cell belonging to { 1,2,3,4,5,6} the DAI valuein the
PDCCH/EPDCCH isegual to '1', or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH detected
within subframe(s) n—k, where ke K and no PDCCH/EPDCCH indicating downlink SPS release (defined in
subclause 9.2) within subframe(s) n—k, where ke K,

then the UE shall transmit the CSl and HARQ-ACK using PUCCH format 2/2a/2b according to subclause 5.2.3.4 in [4];
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elseif

- the parameter simultaneousAckNackAndCQI-Format3-r1l is set TRUE and if PUCCH format 3 resourceis
determined according to subclause 10.1.3.1 or subclause 10.1.3.2.2 and

- if the total number of bitsin the subframe corresponding to HARQ-ACKs, SR (if any), and the CSl is not
larger than 22, or

- if the total number of bits in the subframe corresponding to spatially bundled HARQ-ACKSs, SR (if any), and
the CSl is not larger than 22

then the UE shall transmit the HARQ-ACKSs, SR (if any) and the CSl using the determined PUCCH format 3 resource
according to [4];

else,
- the UE shall drop the CSI and transmit the HARQ-ACK according to subclause 10.1.3.

For TDD and a UE configured with PUCCH format 4 or PUCCH format 5, if the parameter
simultaneousAckNackAndCQI -Format4-Format5-r13 provided by higher layersis set TRUE, and if the UE has HARQ-
ACK/SR and periodic CSl reports to transmit in a subframe, the UE HARQ-ACK/SR and periodic CSl reporting
procedure follow the procedure described in subclause 7.3.2.1 with the parameter simultaneousAckNackAndCQI-
Format4-Format5-r13 provided by higher layersis set TRUE.

7.3.3 FDD-TDD HARQ-ACK reporting procedure for primary cell frame
structure type 1

For FDD-TDD and the primary cell is frame structure type 1, with PUCCH format 1b with channel selection,
- for anegative SR transmission,

- UE shdl transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH resource with channel selection as
defined in subclause 10.1.2A.

- for apositive SR transmission,

- if onetransport block or two transport blocks or a PDCCH/EPDCCH indicating downlink SPSreleaseis
detected on the primary cell in subframe 1, and if subframe 1 isan uplink or a special subframe of
configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP for
the secondary cell according to the higher layer parameter subframeAssignment for UE not configured with
the higher layer parameter EIMTA-MainConfigServCell-r12 and according to the higher layer parameter
eimta-HARQ-ReferenceConfig-r12 for UE configured with the higher layer parameter EIMTA-
MainConfigServCell-r12,

- UE shall transmit the HARQ-ACK and SR as for FDD with PUCCH format 1a/1b as described in
subclause 7.3.1.

- otherwise

- UE shdl transmit the HARQ-ACK and SR as for FDD with PUCCH format 1b with channel selection as
described in subclause 7.3.1.

For FDD-TDD and the primary cell is frame structure type 1, when PUCCH format 3/4/5 is configured for transmission
of HARQ-ACK, for special subframe configurations 0 and 5 with normal downlink CP or configurations 0 and 4 with
extended downlink CP in aserving cell, shown in table 4.2-1 [3], the special subframe of the serving cell is excluded
from the HARQ-ACK codebook size determination.

For FDD-TDD and the primary cell is frame structure type 1, when a PUCCH format 3/4/5 transmission of HARQ-
ACK coincides with a sub-frame configured to the UE by higher layers for transmission of a scheduling request, the UE
shall multiplex HARQ-ACK and SR bits on HARQ-ACK PUCCH resource as defined in subclause 5.2.3.1in [4],
unless the HARQ-ACK corresponds to a PDSCH transmission on the primary cell only or a PDCCH/EPDCCH
indicating downlink SPS release on the primary cell only, in which case the SR shall be transmitted as for FDD with
PUCCH format 1a/1b as described in subclause 7.3.1.
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For FDD-TDD and for a PUSCH transmission, a UE shall not transmit HARQ-ACK on PUSCH in subframe n if the
UE does not receive PDSCH or PDCCH indicating downlink SPS release in subframe n-4.

When only a positive SR istransmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
54.1in[3].

If aUE is configured with higher layer parameter codebooksi zeDetermination-r13 = dai, the FDD-TDD HARQ-ACK
reporting procedure follows the HARQ-ACK procedure described in subclause 7.3.1 for a UE configured with higher
layer parameter codebooksizeDetermination-r13 = dai.

If aUE is configured with higher layer parameter codebooksi zeDeter mination-r13 = cc, the FDD-TDD HARQ-ACK
reporting procedure follows the HARQ-ACK procedure described in subclause 7.3.1 for a UE configured with higher
layer parameter codebooksizeDetermination-r13 = cc.

7.3.4 FDD-TDD HARQ-ACK reporting procedure for primary cell frame
structure type 2

When only a positive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
54.1in[3].

The FDD-TDD HARQ-ACK reporting procedure follows the HARQ-ACK procedure described in subclause 7.3.2.2
with the following exceptions:

- for aserving cell with frame structure type 1, and a UE not configured to monitor PDCCH/EPDCCH in another
serving cell for scheduling the serving cell, K isdefined in Table 10.1.3A-1, otherwise K isdefinedin Table
10.1.3.1-1.

- for aserving cell with frame structure type 1 and a UE not configured to monitor PDCCH/EPDCCH in another
serving cell for scheduling the serving cell, if the DL-reference UL/DL configuration of the serving cell in Table

10.1.3A-1 belongs to { 2,3,4}, Bf" is determined asin subclause 7.3.2.2 for a serving cell with DL-reference
UL/DL configuration {5}.

- for aserving cell with frame structure type 1, and if PUCCH format 3 is configured for transmission of HARQ-
ACK, and for aPUSCH transmission in a subframe n adjusted based on a detected PDCCH/EPDCCH with DCI

format 0/4, the UE shall assume the UL -reference UL/DL configuration of the serving cell belongs to
{1,2,3,4,5,6}.

- for aserving cell with frame structure type 1, and if DL-reference UL/DL configuration of each of the serving
cellsbelongsto {0,1,2,3,4,6}, and if PUCCH format 1b with channel selection is configured for transmission of
HARQ-ACK and for two configured serving cells, the UE shall assume the UL-reference UL/DL configuration
of the serving cell belongsto {1,2,3,4,6}.

- for aserving cell with frame structure type 1, avalue W, is determined by the Downlink Assignment Index
(DALI) in DCI format 0/4 corresponding to a PUSCH on the serving cell according to Table 7.3-Z in subframe

n—Kk', where K'=4.

- for aserving cell with frame structure type 1, when PUCCH format 3 is configured for transmission of HARQ-
ACK, if the DL-reference UL/DL configuration of the serving cell is 0, the HARQ-ACK for a PDSCH
transmission with a corresponding PDCCH/EPDCCH in subframe n—k isassociated with oégﬁ (k)-1 i
transmission mode configured in the c-th serving cell supports one transport block or spatial HARQ-ACK
bundling is applied, or associated with oé%Al (k)—2 and OQ%N (k)-1 Otherwise, where DAI(K) is the value of

DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected in subframe n—k , 0f5sa -2 and O&SHal -1

are the HARQ-ACK feedback for codeword 0 and codeword 1, respectively. For the case with Ngpg >0, the
HARQ-ACK associated with a PDSCH transmission without a corresponding PDCCH/EPDCCH is mapped to

oCAg*iCK o The HARQ-ACK feedback bits without any detected PDSCH transmission are set to NACK.
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8 Physical uplink shared channel related procedures

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms ‘ secondary cell’, ‘ secondary cells' , ‘serving cell’, ‘serving
cells inthis clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms *secondary cell’, *secondary cells’, ‘serving cell’, ‘ serving
cells inthis clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. Theterm ‘primary cell’ in this clause refers to the PSCell of the SCG.

For anon-BL/CE UE, and for FDD and transmission mode 1, there shall be 8 uplink HARQ processes per serving cell
for non-subframe bundling operation, i.e. normal HARQ operation, and 3 uplink HARQ processes for subframe
bundling operation when parameter e-HARQ-Pattern-r12 is set to TRUE and 4 uplink HARQ processes for subframe
bundling operation otherwise. For anon-BL/CE UE, and for FDD and transmission mode 2, there shall be 16 uplink
HARQ processes per serving cell for non-subframe bundling operation and there are two HARQ processes associated
with a given subframe as described in [8]. The subframe bundling operation is configured by the parameter ttiBundling
provided by higher layers.

For FDD and a BL/CE UE configured with CEModeA, there shall be at most 8 uplink HARQ processes per serving
cell.

For FDD and a BL/CE UE configured with CEModeB, there shall be at most 2 uplink HARQ processes per serving
cell.

In case higher layers configure the use of subframe bundling for FDD and TDD, the subframe bundling operation is
only applied to UL-SCH, such that four consecutive uplink subframes are used.

A BL/CE UE is not expected to be configured with simultaneous PUSCH and PUCCH transmission.

8.0 UE procedure for transmitting the physical uplink shared
channel

The term “UL/DL configuration” in this subclause refersto the higher layer parameter subframeAssignment unless
specified otherwise.

For FDD and normal HARQ operation, the UE shall upon detection on a given serving cell of a PDCCH/EPDCCH with
DCI format 0/4 and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH
transmission in subframe n+4 according to the PDCCH/EPDCCH and PHICH information.

For FDD-TDD and normal HARQ operation and a PUSCH for serving cell ¢ with frame structure type 1, the UE shall
upon detection of a PDCCH/EPDCCH with DCI format 0/4 and/or a PHICH transmission in subframe n intended for
the UE, adjust the corresponding PUSCH transmission for serving cell ¢ in subframe n+4 according to the
PDCCH/EPDCCH and PHICH information.

For normal HARQ operation, if the UE detects a PHICH transmission and if the most recent PUSCH transmission for
the same transport block was using spatial multiplexing according to subclause 8.0.2 and the UE does not detect a
PDCCH/EPDCCH with DCI format 4 in subframe n intended for the UE, the UE shall adjust the corresponding PUSCH
retransmission in the associated subframe according to the PHICH information, and using the number of transmission
layers and precoding matrix according to the most recent PDCCH/EPDCCH, if the number of negatively acknowledged
transport blocksis equal to the number of transport blocks indicated in the most recent PDCCH/EPDCCH associated
with the corresponding PUSCH.

For normal HARQ operation, if the UE detects a PHICH transmission and if the most recent PUSCH transmission for
the same transport block was using spatial multiplexing according to subclause 8.0.2 and the UE does not detect a
PDCCH/EPDCCH with DCI format 4 in subframe n intended for the UE, and if the number of negatively
acknowledged trangport blocks is not equal to the number of transport blocks indicated in the most recent
PDCCH/EPDCCH associated with the corresponding PUSCH then the UE shall adjust the corresponding PUSCH
retransmission in the associated subframe according to the PHICH information, using the precoding matrix with
codebook index 0 and the number of transmission layers equal to number of layers corresponding to the negatively
acknowledged transport block from the most recent PDCCH/EPDCCH. In this case, the UL DMRS resources are

ETSI



3GPP TS 36.213 version 13.2.0 Release 13 203 ETSI TS 136 213 V13.2.0 (2016-08)

calculated according to the cyclic shift field for DMRS[3] in the most recent PDCCH/EPDCCH with DCI format 4
associated with the corresponding PUSCH transmission and number of layers corresponding to the negatively
acknowledged transport block.

If aUE is configured with the carrier indicator field for a given serving cell, the UE shall use the carrier indicator field
value from the detected PDCCH/EPDCCH with uplink DCI format to determine the serving cell for the corresponding
PUSCH transmission.

For FDD and norma HARQ operation, if a PDCCH/EPDCCH with CS| request field set to trigger an aperiodic CS|
report, as described in subclause 7.2.1, is detected by a UE on subframe n, then on subframe n+4 UCI is mapped on the
corresponding PUSCH transmission, when simultaneous PUSCH and PUCCH transmission is not configured for the
UE.

For FDD-TDD and norma HARQ operation, for a serving cell with frame structure type 1, if a PDCCH/EPDCCH
with CSI request field set to trigger an aperiodic CSl report, as described in subclause 7.2.1, is detected by a UE on
subframe n, then on subframe n+4 UCI is mapped on the corresponding PUSCH transmission, when simultaneous
PUSCH and PUCCH transmission is not configured for the UE.

For TDD, if aUE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving cell, if the
UE is configured with one serving cell or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of al the configured serving cellsis the same, then for a given serving cell, the serving cell UL/DL
configuration is the UL-reference UL/DL configuration.

For TDD, if aUE is configured with more than one serving cell and if the UL/DL configurations of at |east two serving
cells are different, if the serving cell isaprimary cell or if the UE is not configured to monitor PDCCH/EPDCCH in
another serving cell for scheduling the serving cell, the serving cell UL/DL configuration is the UL-reference UL/DL
configuration.

For TDD, if aUE is configured with more than one serving cell and if the UL/DL configurations of at least two serving
cellsare different and if the serving cell is a secondary cell and if the UE is configured to monitor PDCCH/EPDCCH in
another serving cell for scheduling the serving cell, then for the serving cell, the UL reference UL/DL configurationis
given in Table 8-0A corresponding to the pair formed by (other serving cell UL/DL configuration, serving cell UL/DL
configuration).

For FDD-TDD and primary cell frame structure type 2, if aserving cell isaprimary cell, the serving cell UL/DL
configuration is the UL-reference UL/DL configuration for the serving cell.

For FDD-TDD if the UE is not configured to monitor PDCCH/EPDCCH in another serving cell for scheduling a
secondary serving cell with frame structure type 2, the serving cell UL/DL configuration isthe UL-reference UL/DL
configuration for the serving cell.

For FDD-TDD, and for secondary serving cell ¢ with frame structure type 2, if the UE is configured to monitor
PDCCH/EPDCCH in another serving cell with frame structure type 1 for scheduling the serving cell, the serving cell
UL/DL configuration isthe UL-reference UL/DL configuration for the serving cell.

For FDD-TDD, if aUE is configured with more than one serving cell with frame structure type 2, and if the serving cell
isasecondary cell with frame structure type 2 and if the UE is configured to monitor PDCCH/EPDCCH in another
serving cell with frame structure type 2 for scheduling the serving cell, then for the serving cell, the UL reference
UL/DL configurationis given in Table 8-0A corresponding to the pair formed by (other serving cell UL/DL
configuration, serving cell UL/DL configuration).

Table 8-0A: UL-reference UL/DL Configuration for serving cell based on the pair formed by (other
serving cell UL/DL configuration, serving cell UL/DL configuration)

(other serving cell UL/DL configuration,
serving cell UL/DL configuration)
(1.1).(1,2),(1,4),(1,5)

(2,2),(2,5)

Set 1 (3,3),(3,4),(3,5

(4,4),(4,5)
(5.5

Set # UL-reference UL/DL configuration

QB WIN|F-

ETSI



3GPP TS 36.213 version 13.2.0 Release 13 204 ETSI TS 136 213 V13.2.0 (2016-08)

(1,0),(2,0),(3.0),(4,0),(5.0)
(2,1),(4,1),(5.1)
(5.2)

(4,3),(53)

(5.4)
(1,6).(2.6).(3.6),(4.6).(5.6)
3.1)
(3.2),(4.2)
(1,3),(2,3)

(2.4)

(0,0),(6,0)
(0,1),(0,2),(0.4),(0,5).(6.1).(6.2),(6.5)
Set 4 (0,3).(6.3)

(6,4)
(0,6),(6.6)

Set 2

Set 3

DR |WIR(O|R[WIN|IF|O|RW|INF|O

If a UE is configured with the parameter EIMTA-MainConfigServCell-r12 for a serving cell, for aradio frame of the
serving cell, PUSCH transmissions can occur only in subframes that are indicated by elMTA-UL/DL-configuration as
uplink subframe(s) for the serving cell unless specified otherwise.

For TDD and norma HARQ operation, if a PDCCH/EPDCCH with CSI request field set to trigger an aperiodic CS
report, as described in subclause 7.2.1, is detected by a UE on subframe n, then on subframe n+k UCI is mapped on the
corresponding PUSCH transmission where k is given by Table 8-2, when simultaneous PUSCH and PUCCH
transmission is not configured for the UE.

For FDD-TDD normal HARQ operation, for a serving cell with frame structure type 2, if a PDCCH/EPDCCH with CSI
request field set to trigger an aperiodic CSI report on the serving cell, as described in subclause 7.2.1, is detected by a
UE on subframe n, then on subframe n+k UCI is mapped on the corresponding PUSCH transmission where k is given
by Table 8-2 and the “TDD UL/DL configuration” refers to the UL-reference UL/DL configuration for the serving cell,
when simultaneous PUSCH and PUCCH transmission is not configured for the UE.

When a UE is configured with higher layer parameter ttiBundling and configured with higher layer parameter e-HARQ-
Pattern-r12 set to FALSE or not configured, for FDD and subframe bundling operation, the UE shall upon detection of
aPDCCH/EPDCCH with DCI format O in subframe n intended for the UE, and/or a PHICH transmission in subframe
n-5 intended for the UE, adjust the corresponding first PUSCH transmission in the bundle in subframe n+4 according to
the PDCCH/EPDCCH and PHICH information.

When a UE is configured with higher layer parameter ttiBundling and configured with higher layer parameter eeHARQ-
Pattern-ri12 set to TRUE, for FDD and subframe bundling operation, the UE shall upon detection of a
PDCCH/EPDCCH with DCI format 0 in subframe n intended for the UE, and/or a PHICH transmission in subframe n-1
intended for the UE, adjust the corresponding first PUSCH transmission in the bundle in subframe n+4 according to the
PDCCH/EPDCCH and PHICH information.

For both FDD and TDD serving cells, the NDI as signalled on PDCCH/EPDCCH, the RV as determined in subclause
8.6.1, and the TBS as determined in subclause 8.6.2, shall be delivered to higher layers.

For anon-BL/CE UE, for TDD and transmission mode 1, the number of HARQ processes per serving cell shall be
determined by the UL/DL configuration (Table 4.2-2 of [3]), asindicated in Table 8-1. For TDD and transmission mode
2, the number of HARQ processes per serving cell for non-subframe bundling operation shall be twice the number
determined by the UL/DL configuration (Table 4.2-2 of [3]) asindicated in Table 8-1 and there are two HARQ
processes associated with a given subframe as described in [8]. For TDD and both transmission mode 1 and
transmission mode 2, the “TDD UL/DL configuration” in Table 8-1 refers to the UL-reference UL/DL configuration for
the serving cell if UL-reference UL/DL configuration is defined for the serving cell and refers to the serving cell UL/DL
configuration otherwise.

For aBL/CE UE configured with CEModeA and for TDD, the maximum number of HARQ processes per serving cell
shall be determined by the UL/DL configuration (Table 4.2-2 of [3]) according to the normal HARQ operation in Table
8-1. For TDD aBL/CE UE configured with CEModeB is not expected to support more than 2 uplink HARQ processes
per serving cell.

ETSI



3GPP TS 36.213 version 13.2.0 Release 13 205 ETSI TS 136 213 V13.2.0 (2016-08)

Table 8-1: Number of synchronous UL HARQ processes for TDD

. . Number of HARQ processes Number of HARQ processes
21D WI=APE @iz o for normal HAI'Sonperation for subframe bun(ﬁir‘?g operation
0 7 3
1 4 2
2 2 N/A
3 3 N/A
4 2 N/A
5 1 N/A
6 6 3

For TDD, if the UE is not configured with EIMTA-MainConfigServCell-ri2 for any serving cell, and if aUE is
configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of al the configured serving cells is the same,

For TDD UL/DL configurations 1-6 and normal HARQ operation, the UE shall upon detection of a
PDCCH/EPDCCH with uplink DCI format and/or a PHICH transmission in subframe n intended for the UE,
adjust the corresponding PUSCH transmission in subframe n+k, with k given in Table 8-2, according to the
PDCCH/EPDCCH and PHICH information.

For TDD UL/DL configuration 0 and normal HARQ operation the UE shall upon detection of a
PDCCH/EPDCCH with uplink DCI format and/or a PHICH transmission in subframe n intended for the UE,
adjust the corresponding PUSCH transmission in subframe n+k if the MSB of the UL index in the
PDCCH/EPDCCH with uplink DCI format is set to 1 or PHICH isreceived in subframe n=0 or 5 in the resource
corresponding to | py oy =0, asdefined in subclause 9.1.2, with k given in Table 8-2. If, for TDD UL/DL
configuration 0 and normal HARQ operation, the LSB of the UL index inthe DCI format 0/4issetto 1in
subframe n or a PHICH is received in subframe n=0 or 5 in the resource corresponding to | pyy ey =1, as defined
in subclause 9.1.2, or PHICH isreceived in subframe n=1 or 6, the UE shall adjust the corresponding PUSCH
transmission in subframe n+7. If, for TDD UL/DL configuration 0, both the MSB and LSB of the UL index in
the PDCCH/EPDCCH with uplink DCI format are set in subframe n, the UE shall adjust the corresponding
PUSCH transmission in both subframes n+ k and n+7, with k given in Table 8-2.

For TDD, if aUE is configured with more than one serving cell and the TDD UL/DL configuration of at |east two
configured serving cellsis not the same or if the UE is configured with EIMTA-MainConfigServCell-r12 for at least one
serving cell, or FDD-TDD,

For aserving cell with an UL-reference UL/DL configurations belonging to {1,2,3,4,5,6} and normal HARQ
operation, the UE shall upon detection of a PDCCH/EPDCCH with uplink DCI format and/or a PHICH
transmission in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+k
for the serving cell, with k given in Table 8-2, according to the PDCCH/EPDCCH and PHICH information,
wherethe"TDD UL/DL Configuration” given in Table 8-2 refers to the UL -reference UL/DL configuration.

For aserving cell with UL-reference UL/DL configuration 0 and normal HARQ operation the UE shall upon
detection of a PDCCH/EPDCCH with uplink DCI format and/or a PHICH transmission in subframe n intended
for the UE, adjust the corresponding PUSCH transmission in subframe n+k for the serving cell if the MSB of the
UL index in the PDCCH/EPDCCH with uplink DCI format is set to 1 or PHICH is received in subframe n=0 or
5 in the resource corresponding to |y oy =0, asdefined in subclause 9.1.2, with k givenin Table 8-2. If, for a

serving cell with UL-reference UL/DL configuration O and normal HARQ operation, the LSB of the UL index in
the DCI format 0/4 is set to 1 in subframe n or aPHICH isreceived in subframe n=0 or 5 in the resource
corresponding to | pycy =1, asdefined in subclause 9.1.2, or PHICH is received in subframe n=1 or 6, the UE

shall adjust the corresponding PUSCH transmission in subframe n+7 for the serving cell. If, for a serving cell
with UL-reference UL/DL configuration O, both the MSB and LSB of the UL index in the PDCCH/EPDCCH
with uplink DCI format are set in subframe n, the UE shall adjust the corresponding PUSCH transmissionin
both subframes n+ k and n+7 for the serving cell, with k given in Table 8-2, where the TDD UL/DL
Configuration” given in Table 8-2 refers to the UL-reference UL/DL configuration.

For TDD UL/DL configurations 1 and 6 and subframe bundling operation, the UE shall upon detection of a
PDCCH/EPDCCH with DCI format 0 in subframe n intended for the UE, and/or a PHICH transmission intended for the
UE in subframe n-I with | given in Table 8-2a, adjust the corresponding first PUSCH transmission in the bundlein
subframe n+k, with k given in Table 8-2, according to the PDCCH/EPDCCH and PHICH information.
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For TDD UL/DL configuration 0 and subframe bundling operation, the UE shall upon detection of a PDCCH/EPDCCH
with DCI format O in subframe n intended for the UE, and/or a PHICH transmission intended for the UE in subframe n-I
with | given in Table 8-2a, adjust the corresponding first PUSCH transmission in the bundle in subframe n+k, if the
MSB of the UL index in the DCI format Oissetto 1 or if |py oy =0, asdefined in subclause 9.1.2, with k given in
Table 8-2, according to the PDCCH/EPDCCH and PHICH information. If, for TDD UL/DL configuration 0 and
subframe bundling operation, the LSB of the UL index in the PDCCH/EPDCCH with DCI format Oissetto 1in
subframenor if |pycy =1, asdefined in subclause 9.1.2, the UE shall adjust the corresponding first PUSCH

transmission in the bundle in subframe n+7, according to the PDCCH/EPDCCH and PHICH information.

Table 8-2: k for TDD configurations 0-6

TDD UL/DL subframe number n

Configuration [0 |1 |2 |3|4|5|6|7|8]|9
0 416 416
1 6 4 6 4
2 4 4
3 4 4 | 4
4 4 | 4
5 4
6 717 717 5

Table 8-2a: | for TDD configurations 0, 1 and 6

TDD UL/DL subframe number n
Configuration [0 | 1|2 |3|4|5|6|7|8]|9
0 916 916
1 2 3 2 3
6 5|5 6|6 8

For BL/CE UEs configured with higher layer parameter fdd-UplinkSubframeBitmapBR or fdd-

DownlinkOr TddSubframeBitmapBR, the higher layer parameter indicates the set of BL/CE UL subframes. For BL/CE
UEs not configured with higher layer parameter fdd-UplinkSubframeBitmapBR or fdd-

DownlinkOr TddSubframeBitmapBR, all UL subframes are considered as BL/CE UL subframes.

A BL/CE UE shall upon detection on agiven serving cell of an MPDCCH with DCI format 6-0A/6-0B intended for the
UE, adjust the corresponding PUSCH transmission in subframe(s) n+k; withi = 0, 1, ..., N-1 according to the
MPDCCH, where

- subframe n is the last subframe in which the MPDCCH is transmitted; and

- X<ko<ki<...ky,and thevalueof N e {nl, n2,... nmax} is determined by the repetition number field in the
corresponding DCI, where nL,n2,...n, ., aregivenin Table 8-2b and Table 8-2c; and

- incase N>1, subframe(s) ntk; withi=0,1,...,N-1 are N consecutive BL/CE UL subframe(s) starting with
subframen+x, andincase N=1, ky=x;

- for FDD, x = 4;

- for TDD UL/DL configurations 1-6, or for TDD UL/DL configuration 0 and a BL/CE UE in CEModeB, the
value of x isgiven asthe value of kin Table 8-2 for the corresponding TDD UL/DL configuration; If the value x
isnot given in Table 8-2 for subframe n, denote subframen’ as the first downlink/special subframe which hasa
valuein Table 8-2 after subframe n, and substitute n with n’ in the above procedure for adjusting the PUSCH
transmission.

- for TDD UL/DL configuration 0 and aBL/CE UE in CEModeA and N=1, if the MSB of the UL index in the
MPDCCH with DCI format 6-0A is set to 1, the value of x is given asthe value of kin Table 8-2 for the
corresponding TDD UL/DL configuration; if the LSB of the UL index in the MPDCCH with DCI format 6-0A is
setto 1, x= 7. The UE is not expected to receive DCI format 6-0A with both the MSB and LSB of the UL index
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set to 1 when N>1. In case both the MSB and LSB of the UL index are set to 1, the HARQ process number of
the PUSCH corresponding the MSB of the UL index is Nyarq ;o @nd the HARQ process number of the

PUSCH corresponding the LSB of the UL index is (nHARQ_,D +1) mod7, where Nyapo p iSdetermined
according to the HARQ process number field in DCI format 6-0A

- The higher layer parameter ttiBundling is not applicable to BL/CE UEs.

- For aBL/CE UE, in case aPUSCH transmission with a corresponding MPDCCH collides with a PUSCH
transmission without a corresponding MPDCCH in a subframe n, the PUSCH transmission without a
corresponding MPDCCH is dropped from subframe n.

- For aBL/CE UE, in case of collision between at |east one physical resource block to be used for PUSCH
transmission and physical resource blocks corresponding to configured PRACH resources for BL/CE UEs or
non-BL/CE UEs (defined in [3]) in a same subframe, the PUSCH transmission is dropped in that subframe.

- For aBL/CE UE in half-duplex FDD operation, in case a PUSCH transmission including half-duplex guard
subframe without a corresponding MPDCCH collides partially or fully with a PDSCH transmission with a
corresponding MPDCCH, the PUSCH transmission without a corresponding MPDCCH is dropped.

Table 8.2b: PUSCH repetition levels (DCI Format 6-0A)

Higher layer parameter
‘pusch- {n], n2,n3, n4}
maxNumRepetitionCEmodeA’
Not configured {1,2,4,8}
16 {1,4,8,16}
32 {1,4,16,32}

Table 8.2c: PUSCH repetition levels (DCI Format 6-0B)

Higher layer parameter
‘pusch-mngum%(ep%titionCEmodeB’ {nl' n2""'n8}

Not configured {4,8,16,32,64,128,256,512}
192 {1,4,8,16,32,64,128,192}
256 {4,8,16,32,64,128,192,256}
384 {4,16,32,64,128,192,256,384}
512 {4,16,64,128,192,256,384,512}
768 {8,32,128,192,256,384,512,768}
1024 {4,8,16,64,128,256,512,1024}
1536 {4,16,64,256,512,768,1024,1536}
2048 {4,16,64,128,256,512,1024,2048}

A UE is semi-statically configured via higher layer signalling to transmit PUSCH transmissions signalled via
PDCCH/EPDCCH according to one of two uplink transmission modes, denoted mode 1 - 2.

If aUE is configured by higher layersto decode PDCCHs with the CRC scrambled by the C-RNTI, the UE shall decode
the PDCCH according to the combination defined in Table 8-3 and transmit the corresponding PUSCH. The scrambling
initialization of this PUSCH corresponding to these PDCCHs and the PUSCH retransmission for the same transport
block isby C-RNTI.

If aUE is configured by higher layers to decode EPDCCHs with the CRC scrambled by the C-RNTI, the UE shall
decode the EPDCCH according to the combination defined in Table 8-3A and transmit the corresponding PUSCH. The
scrambling initialization of this PUSCH corresponding to these EPDCCHSs and the PUSCH retransmission for the same
transport block isby C-RNTI.

If aUE is configured by higher layersto decode MPDCCHs with the CRC scrambled by the C-RNTI, the UE shall
decode the MPDCCH according to the combination defined in Table 8-3B and transmit the corresponding PUSCH. The
scrambling initialization of this PUSCH corresponding to these MPDCCHs and the PUSCH retransmission for the same
transport block isby C-RNTI.
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Transmission mode 1 is the default uplink transmission mode for a UE until the UE is assigned an uplink transmission
mode by higher layer signalling.

When a UE configured in transmission mode 2 receives a DCI Format 0 uplink scheduling grant, it shall assume that the
PUSCH transmission is associated with transport block 1 and that transport block 2 is disabled.

Table 8-3: PDCCH and PUSCH configured by C-RNTI

Transmission
mode

Mode 1 DCI format O

Transmission scheme of PUSCH

DCI format Search Space corresponding to PDCCH

Common and
UE specific by C-RNTI
Common and
Mode 2 DCI format 0 UE specific by C-RNTI
DCI format 4 | UE specific by C-RNTI | Closed-loop spatial multiplexing (see subclause 8.0.2)

Single-antenna port, port 10 (see subclause 8.0.1)

Single-antenna port, port 10 (see subclause 8.0.1)

Table 8-3A: EPDCCH and PUSCH configured by C-RNTI

Transmission DCI format Search Space Transmission scheme of PUSCH
mode corresponding to EPDCCH
Mode 1 DCI format 0 | UE specific by C-RNTI | Single-antenna port, port 10 (see subclause 8.0.1)
Mode 2 DCI format 0 | UE specific by C-RNTI | Single-antenna port, port 10 (see subclause 8.0.1)

DCI format 4 | UE specific by C-RNTI | Closed-loop spatial multiplexing (see subclause 8.0.2)

Table 8-3B: MPDCCH and PUSCH configured by C-RNTI

Transmission DCI format Search Space Transmission scheme of PUSCH
mode P corresponding to MPDCCH

TypeO-common (only for 6-0A)
and UE specific by C-RNTI

Mode 1 DCI format 6-0A or 6-0B Single-antenna port, port 10 (see subclause 8.0.1)

If aUE is configured by higher layers to decode PDCCHs with the CRC scrambled by the C-RNTI and isalso
configured to receive random access procedures initiated by "PDCCH orders’, the UE shall decode the PDCCH
according to the combination defined in Table 8-4.

If aUE is configured by higher layersto decode EPDCCHs with the CRC scrambled by the C-RNTI and isaso
configured to receive random access procedures initiated by "PDCCH orders’, the UE shall decode the EPDCCH
according to the combination defined in Table 8-4A.

If aUE is configured by higher layersto decode MPDCCHs with the CRC scrambled by the C-RNTI and is also
configured to receive random access procedures initiated by "PDCCH orders’, the UE shall decode the MPDCCH
according to the combination defined in Table 8-4B.

Table 8-4: PDCCH configured as "PDCCH order" to initiate random access procedure

DCI format Search Space
DCI format 1A | Common and
UE specific by C-RNTI

Table 8-4A: EPDCCH configured as "PDCCH order" to initiate random access procedure

DCI format Search Space
DCI format 1A UE specific by C-RNTI

Table 8-4B: MPDCCH configured as "PDCCH order” to initiate random access procedure

DCI format Search Space
DCI format 6-1A or 6-1B TypeO-common (only for 6-1A) and UE specific by C-RNTI
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If aUE is configured by higher layersto decode PDCCHSs with the CRC scrambled by the SPS C-RNTI, the UE shall
decode the PDCCH according to the combination defined in Table 8-5 and transmit the corresponding PUSCH.

The scrambling initialization of this PUSCH corresponding to these PDCCHs and PUSCH retransmission for the same
transport block is by SPS C-RNTI. The scrambling initialization of initial transmission of this PUSCH without a
corresponding PDCCH and the PUSCH retransmission for the same transport block is by SPS C-RNTI.

If aUE is configured by higher layers to decode EPDCCHs with the CRC scrambled by the SPS C-RNTI, the UE shall
decode the EPDCCH according to the combination defined in Table 8-5A and transmit the corresponding PUSCH.

The scrambling initialization of this PUSCH corresponding to these EPDCCHs and PUSCH retransmission for the same
transport block is by SPS C-RNTI. The scrambling initialization of initial transmission of this PUSCH without a
corresponding EPDCCH and the PUSCH retransmission for the same transport block isby SPS C-RNTI.

If aUE is configured by higher layersto decode MPDCCHs with the CRC scrambled by the SPS C-RNTI, the UE shall
decode the MPDCCH according to the combination defined in Table 8-5B and transmit the corresponding PUSCH.
The scrambling initialization of this PUSCH corresponding to these MPDCCHs and PUSCH retransmission for the
same transport block is by SPS C-RNTI. The scrambling initialization of initial transmission of this PUSCH without a
corresponding MPDCCH and the PUSCH retransmission for the same transport block is by SPS C-RNTI.

Table 8-5: PDCCH and PUSCH configured by SPS C-RNTI

Transmission Transmission scheme of PUSCH
mode el iomie! SEEE SPEEE corresponding to PDCCH
Common and .
Mode 1 DCI format O UE specific by C-RNTI Single-antenna port, port 10 (see subclause 8.0.1)
Common and .
Mode 2 DCI format O UE specific by C-RNTI Single-antenna port, port 10 (see subclause 8.0.1)

Table 8-5A: EPDCCH and PUSCH configured by SPS C-RNTI

Transmission Transmission scheme of PUSCH
mode el iomie! SEAE SPEEE corresponding to PDCCH
Mode 1 DCI format 0 | UE specific by C-RNTI | Single-antenna port, port 10 (see subclause 8.0.1)
Mode 2 DCI format 0 | UE specific by C-RNTI | Single-antenna port, port 10 (see subclause 8.0.1)

Table 8-5B: MPDCCH and PUSCH configured by SPS C-RNTI

Transmission
mode

DCI format

Search Space

Transmission scheme of PUSCH
corresponding to PDCCH

Mode 1

DCI format 6-0A

TypeO-common (only fo

r 6-0A) Single-antenna port, port 10 (see

and UE specific by C-RNTI subclause 8.0.1)

If aUE is configured by higher layers to decode PDCCHSs with the CRC scrambled by the Temporary C-RNTI
regardless of whether UE is configured or not configured to decode PDCCHs with the CRC scrambled by the C-RNTI,
the UE shall decode the PDCCH according to the combination defined in Table 8-6 and transmit the corresponding
PUSCH. The scrambling initialization of PUSCH corresponding to these PDCCH is by Temporary C-RNTI.

If aUE is configured by higher layers to decode MPDCCHs with the CRC scrambled by the Temporary C-RNTI
regardless of whether UE is configured or not configured to decode MPDCCHSs with the CRC scrambled by the C-
RNTI during random access procedure, the UE shall decode the MPDCCH according to the combination defined in
Table 8-6A and transmit the corresponding PUSCH. The scrambling initialization of PUSCH corresponding to these
MPDCCH isby Temporary C-RNTI.

If aTemporary C-RNTI is set by higher layers, the scrambling of PUSCH corresponding to the Random Access
Response Grant in subclause 6.2 and the PUSCH retransmission for the same transport block is by Temporary C-RNTI.
Else, the scrambling of PUSCH corresponding to the Random Access Response Grant in subclause 6.2 and the PUSCH
retransmission for the same transport block is by C-RNTI.

If aUE isaso configured by higher layers to decode MPDCCH with CRC scrambled by the C-RNTI during random
access procedure, the UE shall decode the MPDCCH according to the combination defined in Table 8-6A and transmit
the corresponding PUSCH. The scrambling initialization of PUSCH corresponding to these MPDCCH isby C-RNTI.
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Table 8-6: PDCCH configured by Temporary C-RNTI

DCI format
DCI format 0

Search Space
Common

Table 8-6A: MPDCCH configured by Temporary C-RNTI and/or C-RNTI during random access
procedure

DCI format
DCI format 6-0A, 6-0B

Search Space
Type2-Common

If aUE is configured by higher layersto decode PDCCHs with the CRC scrambled by the TPC-PUCCH-RNTI, the UE
shall decode the PDCCH according to the combination defined in table 8-7. The notation 3/3A implies that the UE shall
receive either DCI format 3 or DCI format 3A depending on the configuration.

If aUE is configured by higher layersto decode MPDCCHs with the CRC scrambled by the TPC-PUCCH-RNTI, the
UE shall decode the MPDCCH according to the combination defined in table 8-7A. The notation 3/3A implies that the
UE shall receive either DCI format 3 or DCI format 3A depending on the configuration.

Table 8-7: PDCCH configured by TPC-PUCCH-RNTI

DCI format

Search Space

DCI format 3/3A

Common

Table 8-7A: MPDCCH configured by TPC-PUCCH-RNTI

DCI format
DCI format 3/3A

Search Space
Type0-Common (for CEModeA only)

If aUE is configured by higher layersto decode PDCCHs with the CRC scrambled by the TPC-PUSCH-RNTI, the UE
shall decode the PDCCH according to the combination defined in table 8.8. The notation 3/3A implies that the UE shall
receive either DCI format 3 or DCI format 3A depending on the configuration.

If aUE is configured by higher layersto decode MPDCCHs with the CRC scrambled by the TPC-PUSCH-RNTI, the
UE shall decode the MPDCCH according to the combination defined in table 8.8A. The notation 3/3A implies that the
UE shall receive either DCI format 3 or DCI format 3A depending on the configuration.

Table 8-8: PDCCH configured by TPC-PUSCH-RNTI

DCI format
DCI format 3/3A

Search Space
Common

Table 8-8A: MPDCCH configured by TPC-PUSCH-RNTI

DCI format
DCI format 3/3A

Search Space
Type0-Common (for CEModeA only)

8.0.1

For the single-antenna port transmission schemes (port 10) of the PUSCH, the UE transmission on the PUSCH is
performed according to subclause 5.3.2A.1 of [3].

8.0.2

For the closed-loop spatial multiplexing transmission scheme of the PUSCH, the UE transmission on the PUSCH is
performed according to the applicable number of transmission layers as defined in subclause 5.3.2A.2 of [3].

Single-antenna port scheme

Closed-loop spatial multiplexing scheme
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8.1 Resource allocation for PDCCH/EPDCCH with uplink DCI
format

Two resource allocation schemes Type 0 and Type 1 are supported for PDCCH/EPDCCH with uplink DCI format.

Resource allocation scheme Type 0 or Type 2 are supported for MPDCCH with uplink DCI format.

If the resource allocation type bit is not present in the uplink DCI format, only resource allocation type O is supported.

If the resource allocation type bit is present in the uplink DCI format, the selected resource alocation type for a decoded
PDCCH/EPDCCH isindicated by aresource allocation type bit where type O isindicated by O value and type 1 is
indicated otherwise. The UE shall interpret the resource alocation field depending on the resource allocation type bit in
the PDCCH/EPDCCH with uplink DCI format detected.

8.1.1 Uplink resource allocation type O

The resource allocation information for uplink resource allocation type O indicates to a scheduled UE a set of
contiguously allocated virtual resource block indices denoted by nygg . A resource alocation field in the scheduling

grant consists of aresource indication value (RIV) corresponding to a starting resource block ( RBgragr ) @nd alengthin
terms of contiguously allocated resource blocks ( Lqggs = 1). For aBL/CE UE, uplink resource allocation type 0 is only

applicable for UE configured with CEModeA and N&5 =6 in this subclause. The resource indication value is defined
by

if (LCRBS—l)s\_N,%/ZJ then
RIV = Ngé (Lcres =1 + RBsragrt
ese
RIV = NFLQJE%(NF% — Lcres +1)+(N}gé_ —1- RBgrarr)

8.1.2 Uplink resource allocation type 1

The resource allocation information for uplink resource allocation type 1 indicates to a scheduled UE two sets of
resource blocks with each set including one or more consecutive resource block groups of size P asgivenin table

UL
7.1.6.1-1 assuming NS5 asthe system bandwidth. A combinatorial index r consists of {Iogzm-N RB 2P+1T]ﬂ bits.

The bits from the resource alocation field in the scheduling grant represent r unless the number of bitsin the resource
alocation field in the scheduling grant is

- smaller than required to fully represent r, in which case the bits in the resource allocation field in the scheduling
grant occupy the LSBs of r and the value of the remaining bits of r shall be assumed to be O; or

- larger than required to fully represent r, in which case r occupies the LSBs of the resource allocation field in the
scheduling grant.

The combinatorial index r corresponds to a starting and ending RBG index of resource block set 1, syand s;—1, and

M-1 N_
resource block set 2, s,and s3—1 respectively, wherer is given by equation r:2< S> defined in subclause

i-0 =1

7.2.1withM=4and N = ’-N ,% / P-‘ +1. subclause 7.2.1 also defines ordering properties and range of valuesthat s

(RBG indices) map to. Only asingle RBG is allocated for a set at the starting RBG index if the corresponding ending
RBG index equals the starting RBG index.
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8.1.3 Uplink resource allocation type 2

Uplink resource allocation type 2 is only applicable for BL/CE UE configured with CEModeB. The resource allocation
information for uplink resource allocation type 2 indicates to a scheduled UE a set of contiguously allocated resource
blocks within a narrowband as givenin Table 8.1.3-1

Table 8.1.3-1: Resource block(s) allocation for BL/CE UE configured with CEModeB.

Value of resource allocation field |Allocated resource blocks
‘000’ 0
‘001 1
‘010’ 2
‘011 3
‘100’ 4
‘101 5
110’ Oand1
111 2and 3
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8.2 UE sounding procedure

If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both
primary PUCCH group and secondary PUCCH group unless stated otherwise

- When the procedures are applied for the primary PUCCH group, the terms ‘ secondary cell’, ‘ secondary cells,
‘serving cell’, and ‘serving cells' in this clause refer to secondary cell, secondary cells, serving cell or serving
cells belonging to the primary PUCCH group respectively unless stated otherwise.

- When the procedures are applied for secondary PUCCH group, the terms ‘ secondary cell’, ‘secondary cells’,
‘serving cell’ and ‘serving cells' in this clause refer to secondary cell, secondary cells (not including the
PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively unless stated
otherwise. Theterm ‘primary cell’ in this clause refers to the PUCCH-SCell of the secondary PUCCH group.

A UE shall transmit Sounding Reference Symbol (SRS) on per serving cell SRS resources based on two trigger types.
- trigger type O: higher layer signalling
- trigger type 1: DCI formats 0/4/1A/6-0A/6-1A for FDD and TDD and DCI formats 2B/2C/2D for TDD.

In case both trigger type 0 and trigger type 1 SRS transmissions would occur in the same subframe in the same serving
cell, the UE shall only transmit the trigger type 1 SRS transmission.

A UE may be configured with SRS parameters for trigger type 0 and trigger type 1 on each serving cell. A BL/CE UE
configured with CEModeB is not expected to be configured with SRS parameters for trigger type 0 and trigger type 1.
The following SRS parameters are serving cell specific and semi-statically configurable by higher layers for trigger type
0 and for trigger type 1.

- Number of combs K. asdefined in subclause 5.5.3.2 of [3] for trigger type 0 and each configuration of trigger
type 1, if configured

- srs-UpPtsAdd: two or four additional SC-FDMA symbolsin UpPTS as defined in [11] for trigger type O and
trigger type 1, if configured

- Transmission comb kTC , as defined in subclause 5.5.3.2 of [3] for trigger type 0 and each configuration of
trigger type 1

- Starting physical resource block assignment Ny, as defined in subclause 5.5.3.2 of [3] for trigger type 0 and
each configuration of trigger type 1

duration: single or indefinite (until disabled), as defined in [11] for trigger type O

- srs-Configindex | s for SRS periodicity T, and SRS subframe offset T, , as defined in Table 8.2-1 and

Table 8.2-2 for trigger type 0 and SRS periodicity Tgq, and SRS subframe offset Toﬁsetyl, asdefined in Table
8.2-4 and Table 8.2-5 trigger type 1

- SRS bandwidth BSRS , asdefined in subclause 5.5.3.2 of [3] for trigger type 0 and each configuration of trigger
typel

- Frequency hopping bandwidth, bhop , as defined in subclause 5.5.3.2 of [3] for trigger type 0
- Cyclic shift n;sqs, as defined in subclause 5.5.3.1 of [3] for trigger type 0 and each configuration of trigger type
1

- Number of antennaports N, for trigger type 0 and each configuration of trigger type 1

For trigger type 0, if SoundingRS-UL-ConfigDedicatedUpPTsExt is configured, the SRS parametersin SoundingRS-UL-
ConfigDedicatedUpPTsExt shall be used; otherwise, SoundingRS-UL-ConfigDedicated shall be used. For trigger type 1,
if SoundingRS-UL-ConfigDedicatedAperiodicUpPTsExt is configured, the SRS parameters in SoundingRS-UL-
ConfigDedicatedAperiodic shall be used; otherwise, SoundingRS-UL-ConfigDedicated shall be used.
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For trigger type 1 and DCI format 4 three sets of SRS parameters, srs-ConfigApDCI-Format4, are configured by higher
layer signalling. The 2-bit SRS request field [4] in DCI format 4 indicates the SRS parameter set given in Table 8.1-1.
For trigger type 1 and DCI format 0/6-0A, asingle set of SRS parameters, srs-ConfigApDCI-Format0, is configured by
higher layer signalling. For trigger type 1 and DCI formats 1A/2B/2C/2D/6-1A, asingle common set of SRS
parameters, srs-ConfigApDCI-Formatla2b2c, is configured by higher layer signalling. The SRS request field is 1 bit [4]
for DCI formats 0/1A/2B/2C/2D/6-0A/6-1A, with atype 1 SRStriggered if the value of the SRS request field is set to
1",

A 1-bit SRS request field shall be included in DCI formats 0/1A/6-0A/6-1A for frame structure type 1 and
0/1A/2B/2C/2D/6-0A/6-1A for frame structure type 2 if the UE is configured with SRS parameters for DCI formats
0/1A/2B/2C/2D/6-0A/6-1A by higher-layer signalling.

Table 8.1-1: SRS request value for trigger type 1 in DCI format 4

\Value of SRS request field Description
'00’ No type 1 SRS trigger
‘01 The 1" SRS parameter set configured by higher layers
'10' The 2™ SRS parameter set configured by higher layers
'11' The 3" SRS parameter set configured by higher layers

The serving cell specific SRS transmission bandwidths CSRS are configured by higher layers. The allowable values are
given in subclause 5.5.3.2 of [3].

The serving cell specific SRS transmission sub-frames are configured by higher layers. The alowable values are given
in subclause 5.5.3.3 of [3].

For a TDD serving cell, SRS transmissions can occur in UpPTS and uplink subframes of the UL/DL configuration
indicated by the higher layer parameter subframeAssignment for the serving cell.

When closed-loop UE transmit antenna selection is enabled for a given serving cell for a UE that supports transmit
antenna selection, the index a(ngg ), of the UE antenna that transmits the SRS at time Nexs i given by

a(nNgs )= Ngrs Mod 2, for both partial and full sounding bandwidth, and when frequency hopping is disabled (i.e.,

bhop 2 BSRS)a
A(Nee) = (Neps +| Nrs/ 2|+ B+ Nrs/ K ))mod2 whenK iseven e 1 whereK mod4=0
77 nggg Mod2 whenK isodd "0 otherwise
when frequency hopping is enabled (i.e., bhop < Bgs),
Bxs
where values Bszs, bhop, Nb, and nzs are given in subclause 5.5.3.2 of [3], and K = H N, (where mep =1
D*=brep

regardless of the N, value), except when asingle SRS transmission is configured for the UE. If a UE is configured
with more than one serving cell, the UE is not expected to transmit SRS on different antenna ports simultaneously.

A UE may be configured to transmit SRSon N, antenna ports of aserving cell where N, may be configured by
higher layer signalling. For PUSCH transmission mode 1 N, €{0,1,2,4} and for PUSCH transmission mode 2
N,€{012 withtwo antenna ports configured for PUSCH and N, {014} with 4 antenna ports configured for

PUSCH. A UE configured for SRS transmission on multiple antenna ports of a serving cell shall transmit SRS for all
the configured transmit antenna ports within one SC-FDMA symbol of the same subframe of the serving cell.

The SRS transmission bandwidth and starting physical resource block assignment are the same for al the configured
antenna ports of a given serving cell. The UE does not support avalue of Kq. setto ‘4, if the UEis configured for

SRS transmission on 4 antenna ports of a serving cell.

If aUE is not configured with multiple TAGs and the UE not is configured with the parameter srs-UpPtsAdd for trigger
type 1, or if aUE is not configured with multiple TAGs and the UE is not configured with more than one serving cell of
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different CPs, the UE shall not transmit SRS in a symbol whenever SRS and PUSCH transmissions happen to overlap
in the same symbol.

For TDD serving cell, and UE not configured with additional SC-FDMA symbols in UpPTS, when one SC-FDMA
symbol exists in UpPTS of the given serving cell, it can be used for SRS transmission, when two SC-FDMA symbols
exist in UpPTS of the given serving cell, both can be used for SRS transmission and for trigger type 0 SRS both can be
assigned to the same UE. For TDD serving cell, and if the UE is configured with two or four additional SC-FDMA
symbolsin UpPTS of the given serving cell, al can be used for SRS transmission and for trigger type 0 SRS at most
two SC-FDMA symbols out of the configured additional SC-FDMA symbolsin UpPTS can be assigned to the same
UE.

If aUE is not configured with multiple TAGs and the UE not is configured with the parameter srs-UpPtsAdd for trigger
type 1, or if aUE is not configured with multiple TAGs and the UE is not configured with more than one serving cell of
different CPs, or if a UE is configured with multiple TAGs and SRS and PUCCH format 2/2a/2b happen to coincide in
the same subframe in the same serving cell,

- The UE shal not transmit type O triggered SRS whenever type 0 triggered SRS and PUCCH format 2/2a/2b
transmissions happen to coincide in the same subframe;

- The UE shal not transmit type 1 triggered SRS whenever type 1 triggered SRS and PUCCH format 2a/2b or
format 2 with HARQ-ACK transmissions happen to coincide in the same subframe;

- The UE shall not transmit PUCCH format 2 without HARQ-ACK whenever type 1 triggered SRS and PUCCH
format 2 without HARQ-ACK transmissions happen to coincide in the same subframe.

If aUE is not configured with multiple TAGs and the UE not is configured with the parameter srs-UpPtsAdd for trigger
type 1, or if aUE is not configured with multiple TAGs and the UE is not configured with more than one serving cell of
different CPs, or if a UE is configured with multiple TAGs and SRS and PUCCH happen to coincide in the same
subframe in the same serving cell,

- The UE shall not transmit SRS whenever SRS transmission and PUCCH transmission carrying HARQ-ACK
and/or positive SR happen to coincide in the same subframe if the parameter ackNackSRS
SmultaneousTransmission is FALSE;

- For FDD-TDD and primary cell frame structure 1, the UE shall not transmit SRS in a symbol whenever SRS
transmission and PUCCH transmission carrying HARQ-ACK and/or positive SR using shortened format as
defined in subclauses 5.4.1, 5.4.2A, 5.4.2B, and 5.4.2C of [3] happen to overlap in the same symbol if the
parameter ackNackSRS-SmultaneousTransmission is TRUE.

- Unless otherwise prohibited, the UE shall transmit SRS whenever SRS transmission and PUCCH transmission
carrying HARQ-ACK and/or positive SR using shortened format as defined in subclauses 5.4.1 and 5.4.2A of [3]
happen to coincide in the same subframe if the parameter ackNackSRS-SmultaneousTransmission is TRUE.

If aUE is not configured with multiple TAGs and the UE not is configured with the parameter srs-UpPtsAdd for trigger
type 1, or if aUE is not configured with multiple TAGs and the UE is not configured with more than one serving cell of
different CPs, the UE shall not transmit SRS whenever SRS transmission on any serving cells and PUCCH transmission
carrying HARQ-ACK and/or positive SR using normal PUCCH format as defined in subclauses 5.4.1 and 5.4.2A of [3]

happen to coincide in the same subframe.

In UpPTS, whenever SRS transmission instance overlaps with the PRACH region for preamble format 4 or exceeds the
range of uplink system bandwidth configured in the serving cell, the UE shall not transmit SRS.

The parameter ackNackSRS-SmultaneousTransmission provided by higher layers determines if a UE is configured to
support the transmission of HARQ-ACK on PUCCH and SRS in one subframe. If it is configured to support the
transmission of HARQ-ACK on PUCCH and SRS in one subframe, then in the cell specific SRS subframes of the
primary cell,

- if the UE transmits PUCCH format 1/1a/1b/3, the UE shall transmit HARQ-ACK and SR using the shortened
PUCCH format as defined in subclauses 5.4.1 and 5.4.2A of [3], where the HARQ-ACK or the SR symbol
corresponding to the SRS location is punctured.

- If the UE transmits PUCCH format 4/5 partly or fully overlapping with the cell specific SRS bandwidth in the
cell specific SRS subframes of the primary cell, then UE shall transmit UCI using the shortened PUCCH format
as defined in subclauses 5.4.2B and 5.4.2C of [3].
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For PUCCH format 1/1a/1b/3, this shortened PUCCH format shall be used in a cell specific SRS subframe of the
primary cell even if the UE does not transmit SRS in that subframe. For PUCCH format 4/5, this shortened PUCCH
format shall be used if the PUCCH transmission partly or fully overlaps with the cell-specific SRS bandwidth in the cell
specific SRS subframes of the primary cell even if the UE does not transmit SRS in that subframe.The cell specific SRS
subframes are defined in subclause 5.5.3.3 of [3]. Otherwise, the UE shall use the normal PUCCH format 1/1a/1b as
defined in subclause 5.4.1 of [3] or normal PUCCH format 3 as defined in subclause 5.4.2A or normal PUCCH format
4 as defined in subclause 5.4.2B or normal PUCCH format 5 as defined in subclause 5.4.2C of [3].

For aBL/CE UE, for a SRS transmission in subframe n and if the UE transmits PUSCH/PUCCH in subframe n and/or
n+1, the UE shall not transmit the SRS in subframe n if the SRS transmission bandwidth in subframe n is not
completely within the narrowband of PUSCH/PUCCH in subframe n and/or n+1

A BL/CE UE shall not transmit SRS in UpPTSif SRS frequency location is different from DwPTS reception
narrowband in the same special subframe.

Trigger type O SRS configuration of a UE in a serving cell for SRS periodicity, Tgs . and SRS subframe offset, T o , iS

defined in Table 8.2-1 and Table 8.2-2, for FDD and TDD serving cell, respectively. The periodicity T, of the SRS

transmission is serving cell specific and is selected from the set {2, 5, 10, 20, 40, 80, 160, 320} ms or subframes.
For the SRS periodicity Tg;s of 2msin TDD serving cell, two SRS resources are configured in a half frame containing

UL subframe(s) of the given serving cell.

Type 0 triggered SRS transmission instances in a given serving cell for TDD serving cell with T, >2 and for FDD
serving cell are the subframes satisfying  (10- N, + Kegg — Ty ) MOd T = 0, Where for FDD kg, ={01,...,9} isthe
subframe index within the frame, for TDD serving cell, if the UE is configured with the parameter srs-UpPtsAdd for
trigger type 0, Kggg isdefined in Table 8.2-6; otherwise Kgsg isdefined in Table 8.2-3. The SRS transmission
instances for TDD serving cell with Ty, =2 are the subframes satisfying (kgzg — Toe ) MOd5=0.

For TDD serving cell, and a UE configured for type O triggered SRS transmission in serving cell ¢, and the UE
configured with the parameter EIMTA-MainConfigServCell-r12 for serving cell ¢, if the UE does not detect an UL/DL
configuration indication for radio frame m (as described in section 13.1), the UE shall not transmit trigger type 0 SRSin
a subframe of radio frame mthat isindicated by the parameter eimta-HARQ-ReferenceConfig-r12 as a downlink
subframe unless the UE transmits PUSCH in the same subframe.

Trigger type 1 SRS configuration of a UE in aserving cell for SRS periodicity, Teg ;, and SRS subframe offset, Toﬁsetll,
isdefined in Table 8.2-4 and Table 8.2-5, for FDD and TDD serving cell, respectively. The periodicity of the

SRS transmission is serving cell specific and is selected from the set {2, 5, 10} ms or subframes.
For the SRS periodicity Tgg, 0f 2msin TDD serving cell, two SRS resources are configured in ahalf frame

containing UL subframe(s) of the given serving cell.

TSRS, 1

For TDD serving cell, and a UE configured for type 1 triggered SRS transmission in serving cell ¢ and configured with
the parameter srs-UpPtsAdd, the UE is not expected to receive trigger type 1 SRS configurations with SRS periodicity
Ty Of 2ms.

A UE configured for type 1 triggered SRS transmission in serving cell ¢ and not configured with a carrier indicator field
shall transmit SRS on serving cell ¢ upon detection of a positive SRS request in PDCCH/EPDCCH/MPDCCH
scheduling PUSCH/PDSCH on serving cdll c.

A UE configured for type 1 triggered SRS transmission in serving cell ¢ and configured with a carrier indicator field
shall transmit SRS on serving cell ¢ upon detection of a positive SRS request in PDCCH/EPDCCH scheduling
PUSCH/PDSCH with the value of carrier indicator field corresponding to serving cell c.

A non-BL/CE UE configured for type 1 triggered SRS transmission on serving cell ¢ upon detection of a positive SRS
request in subframe n of serving cell ¢ shall commence SRS transmission in the first subframe satisfying n+k,k >4
and

(10Nt +ksrs — Toftset 1) Mod Tpg 1 =0 for TDD serving cell c with Tgpgy > 2 and for FDD serving cell ¢,

(ksrs — Toftset 1) mod5 = 0 for TDD serving cell c with Tgpgy =2
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where for FDD serving cell ¢ kg = {01,...,9} isthe subframe index within the frame n;, , for TDD serving cell c, if
the UE is configured with the parameter srs-UpPtsAdd for trigger type 1, kSRS is defined in Table 8.2-6; otherwise
Kers isdefined in Table 8.2-3.

A BL/CE UE configured for type 1 triggered SRS transmission on serving cell ¢ upon detection of a positive SRS

request of serving cell ¢ shall commence SRS transmission in the first subframe satisfying n+k,k > 4, where subframe
nisthe last subframe in which the DCI format 6-0A/6-1A with the positive SRS request is transmitted, and

(10-n¢ +Kkgrs — Toftset 1) Mod Terg 1 =0 for TDD serving cell c with Tgps, > 2 and for FDD serving cell ¢,

(ksrs — Toffset 1) Mod5 = 0 for TDD serving cell ¢ with Tgpg; =2 where for FDD serving cell ¢ Kgq = {O,ZL...,Q} isthe
subframe index within the frame n; , for TDD serving cell ¢ K¢ isdefined in Table 8.2-3.

A UE configured for type 1 triggered SRS transmission is not expected to receive type 1 SRS triggering events
associated with different values of trigger type 1 SRS transmission parameters, as configured by higher layer signalling,
for the same subframe and the same serving cell.

For TDD serving cell ¢, and a UE configured with EIMTA-MainConfigServCell-r12 for a serving cell ¢, the UE shall
not transmit SRS in a subframe of aradio frame that is indicated by the corresponding elM TA-UL/DL-configuration as
adownlink subframe.

A UE shall not transmit SRS whenever SRS and a PUSCH transmission corresponding to a Random Access Response
Grant or aretransmission of the same transport block as part of the contention based random access procedure coincide
in the same subframe.

Table 8.2-1: UE Specific SRS Periodicity Ty and Subframe Offset Configuration T e
for trigger type 0, FDD

SRS Configuration Index Isgs | SRS Periodicity Tg:q (ms) | SRS Subframe Offset TOffset
0-1 2 Isrs
2-6 5 Isrs — 2
7-16 10 Isrs—7
17 — 36 20 Isrs — 17
37 -76 40 lsrs — 37
77 — 156 80 lsrs — 77
157 — 316 160 Isrs — 157
317 - 636 320 Isrs — 317
637 — 1023 reserved reserved
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Table 8.2-2: UE Specific SRS Periodicity Tgg and Subframe Offset Configuration Ty

for trigger type O, TDD

SRS Configuration Index | SRS Periodicity | SRS Subframe Offset
Isrs Tsrs (MS) Toffeet
0 2 0,1
1 2 0,2
2 2 1,2
3 2 0,3
4 2 1,3
5 2 0,4
6 2 1,4
7 2 2,3
8 2 2,4
9 2 3,4
10-14 5 Isrs — 10
15-24 10 Isrs — 15
25— 44 20 Isrs — 25
45 -84 40 Isrs — 45
85 —164 80 Isrs — 85
165 —324 160 Isrs — 165
325 - 644 320 Isrs — 325
645 — 1023 reserved reserved
Table 8.2-3: Kgg for TDD
subframe index n
0 1 2|13|4|5 6
1st symbol 2nd symbol 1st symbol 2nd symbol
of UpPTS of UpPTS of UpPTS of UpPTS
Kers in case UpPTS 0 1 2134 5 6
length of 2 symbols
Kers in case UpPTS 1 21314 6 718lo9
length of 1 symbol

Table 8.2-4: UE Specific SRS Periodicity

Tws: @nd Subframe Offset Configuration Toﬁset’l

for trigger type 1, FDD

SRS Configuration Index | SRS Periodicity | SRS Subframe Offset
Isrs Ters1 (Ms) Toffset,l
0-1 2 Isrs
2—-6 5 Isrs — 2
7-16 10 Isrs — 7
17 - 31 reserved reserved
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Table 8.2-5: UE Specific SRS Periodicity Tgg, and Subframe Offset Configuration T,
for trigger type 1, TDD

SRS Configuration Index | SRS Periodicity | SRS Subframe Offset

Isrs Tersa (Ms) Tofteet 1

0 reserved reserved

1 2 0,2

2 2 1,2

3 2 0,3

4 2 1,3

5 2 0,4

6 2 1,4

7 2 2,3

8 2 2,4

9 2 3,4
10-14 5 Isrs — 10
15-24 10 Isrs — 15
25-31 reserved reserved

Table 8.2-6: kSRS for TDD and UE configured with two or four additional SC-FDMA symbols in UpPTS

subframe index n
0 1 2|13(4]5 6 7189
1st 2nd 3rd 4th 1st 2nd 3rd 4th
symbo | symbo | symbo | symbo symbo | symbo | symbo | symbo
| of | of | of | of | of | of | of | of
UpPTS | UpPTS | UpPTS | UpPTS UpPTS | UpPTS | UpPTS | UpPTS
Ksrs in
case
UpPTS
,eﬂgth 0 1 2 3 5 6 7 8
of 4
symbol
s
Keps in
case
UpPTS
length 2 3 7 8
of 2
symbol
s
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8.3 UE HARQ-ACK procedure

For FDD, and serving cell with frame structure type 1, an HARQ-ACK received on the PHICH assigned to aUE in
subframei is associated with the PUSCH transmission in subframei-4.

For FDD-TDD, and serving cell with frame structure type 1, and UE not configured to monitor PDCCH/EPDCCH in
another serving cell with frame structure type 2 for scheduling the serving cell, an HARQ-ACK received on the PHICH
assigned to a UE in subframei is associated with the PUSCH transmission in subframe i-4.

For FDD-TDD, if aserving cell is asecondary cell with frame structure type 1 and if the UE is configured to monitor
PDCCH/EPDCCH in another serving cell with frame structure type 2 for scheduling the serving cell, then an HARQ-
ACK received on the PHICH assigned to a UE in subframe i is associated with PUSCH transmission on the serving cell
in subframe i-6.

For TDD, if the UE is not configured with EIMTA-MainConfigServCell-r12 for any serving cell and, if aUE is
configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of al the configured serving cells is the same,

- For frame structure type 2 UL/DL configuration 1-6, an HARQ-ACK received on the PHICH assigned to a UE
in subframei is associated with the PUSCH transmission in the subframe i-k as indicated by the following Table
8.3-1.

- For frame structure type 2 UL/DL configuration 0, an HARQ-ACK received on the PHICH in the resource
corresponding to | py oy =0, asdefined in subclause 9.1.2, assigned to a UE in subframe i is associated with
the PUSCH transmission in the subframe i-k as indicated by the following Table 8.3-1. For frame structure type
2 UL/DL configuration 0, an HARQ-ACK received on the PHICH in the resource corresponding to | pycy =1,

as defined in subclause 9.1.2, assigned to a UE in subframe i is associated with the PUSCH transmission in the
subframe i-6.

For TDD, if aUE is configured with more than one serving cell and the TDD UL/DL configuration of at |east two
configured serving cellsis not the same, or if the UE is configured with EIMTA-MainConfigServCell-r12 for at least
one serving cell, or FDD-TDD and serving cell is frame structure type 2,

- For serving cell with an UL-reference UL/DL configuration (defined in subclause 8.0) belonging to
{1,2,3,4,5,6}, an HARQ-ACK received on the PHICH assigned to a UE in subframe i is associated with the
PUSCH transmission in the subframe i-k for the serving cell asindicated by the following Table 8.3-1, where
"TDD UL/DL Configuration” in Table 8.3-1 refers to the UL -reference UL/DL Configuration.

- For aserving cell with UL-reference UL/DL configuration O (defined in subclause 8.0), an HARQ-ACK
received on the PHICH in the resource corresponding to | pycy =0, asdefined in subclause 9.1.2, assigned to a
UE in subframei is associated with the PUSCH transmission in the subframe i-k for the serving cell asindicated
by the following Table 8.3-1, where "TDD UL/DL Configuration” in Table 8.3-1 refers to the UL-reference
UL/DL configuration. For a serving cell with UL-reference UL/DL configuration 0, an HARQ-ACK received on
the PHICH in the resource corresponding to |y cy =1, asdefined in subclause 9.1.2, assigned to aUE in

subframei is associated with the PUSCH transmission in the subframe i-6 for the serving cell.

- For FDD-TDD, if aserving cell isasecondary cell with UL-reference UL/DL configuration O and if the UE is
configured to monitor PDCCH/EPDCCH in another serving cell with frame structure type 1 for scheduling the
serving cell, for downlink subframei, if atransport block was transmitted in the associated PUSCH subframei-6
for the serving cell then PHICH resource corresponding to that transport block is not present in subframei.

For aBL/CE UE, the UE is not expected to receive PHICH corresponding to a transport block.
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Table 8.3-1: k for TDD configurations 0-6

TDD UL/DL subframe number i

Configuration |0 |1 |2 |3 |4|5|6|7|8]|9
0 714 714
1 4 6 4 6
2 6 6
3 6 6|6
4 6|6
5 6
6 6|4 7|4 6

For anon-BL/CE UE, the physical layer in the UE shall deliver indicationsto the higher layers as follows:

For FDD, and for TDD with a UE configured with one serving cell, and for TDD with a UE configured with more than
one serving cell and with TDD UL/DL configuration of all configured serving cells the same, and UE is not configured
with EIMTA-MainConfigServCell-r12 for any serving cell, for downlink or special subframei, if atransport block was
transmitted in the associated PUSCH subframe then:

if ACK isdecoded on the PHICH corresponding to that transport block in subframe i, or if that transport block is
disabled by PDCCH/EPDCCH received in downlink or special subframei, ACK for that transport block shall be
delivered to the higher layers; else NACK for that transport block shall be delivered to the higher layers.

For TDD, if the UE is configured with more than one serving cell, and if at least two serving cells have different UL/DL
configurations, or the UE is configured with EIMTA-MainConfigServCell-r12 for at least one serving cell, or for FDD-
TDD, for downlink or special subframei, if atransport block was transmitted in the associated PUSCH subframe then:

if ACK isdecoded on the PHICH corresponding to that transport block in subframe i, or if that transport block is
disabled by PDCCH/EPDCCH received in downlink or special subframei, ACK for that transport block shall be
delivered to the higher layers; or

if a PHICH resource corresponding to that transport block is not present in subframei or if UE is not expected to
receive PHICH corresponding to that transport block in subframe i, ACK for that transport block shall be
delivered to the higher layers.

else NACK for that transport block shall be delivered to the higher layers.
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8.4 UE PUSCH hopping procedure

The UE shall perform PUSCH frequency hopping if the single bit Frequency Hopping (FH) field in a corresponding
PDCCH/EPDCCH with DCI format O is set to 1 and the uplink resource block assignment is type 0 otherwise no
PUSCH frequency hopping is performed.

A UE performing PUSCH frequency hopping shall determine its PUSCH Resource Allocation (RA) for the first dot of
a subframe (S1) including the lowest index PRB ( n%B (n)) in subframe n from the resource alocation field in the latest

PDCCH/EPDCCH with DCI format O for the same transport block. If thereis no PDCCH/EPDCCH for the same
transport block, the UE shall determine its hopping type based on

- the hopping information in the most recent semi-persistent scheduling assignment PDCCH/EPDCCH, when
theinitial PUSCH for the same transport block is semi-persistently scheduled or

- therandom access response grant for the same transport block, when the PUSCH is initiated by the random
access response grant.

The resource alocation field in DCI format 0 excludes either 1 or 2 bits used for hopping information as indicated by
Table 8.4-1 below where the number of PUSCH resource blocks is defined as

NY — NFO - (Ngg mod 2) Type 1PUSCH hopping
Nig<" ={Nps Type 2N =1 PUSCH hopping
NY — NHO Type 2 Ny >1PUSCH hopping
For type 1 and type 2 PUSCH hopping, NS = N9 +1 if NEO isan odd number where NS defined in[3].
NHO = N3O in other cases. The size of the resource allocation field in DCI format 0 after excluding either 1 or 2 bits
shall be y = (Iog2 (Nps (Ngs +1)/ 2)—‘ — NyL o » Where Nu_nop = 1 or 2 bits. The number of contiguous RBs
that can be assigned to a type-1 hopping user islimited to |_2y / Ngg J The number of contiguous RBs that can be

assigned to atype-2 hopping user is limited to mi n \_2y / NFL{JH,\_N;‘BJSCH / Nsbj ), where the number of sub-bands
Ny, isgiven by higher layers.

A UE performing PUSCH frequency hopping shall use one of two possible PUSCH frequency hopping types based on
the hopping information. PUSCH hopping type 1 is described in subclause 8.4.1 and type 2 is described in subclause
8.4.2.

Table 8.4-1: Number of Hopping Bits Ny nop VS. System Bandwidth

System BW | #Hopping bits for 2nd slot RA
Nng- (NUL_hop)
6-49 1
50-110 2

The parameter Hopping-mode provided by higher layers determines if PUSCH frequency hopping is "inter-subframe”
or "intraand inter-subframe”.
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8.4.1 Type 1 PUSCH hopping

For PUSCH hopping type 1 the hopping bit or bitsindicated in Table 8.4-1 determine Npgg (i) as defined in Table 8.4-2.
The lowest index PRB (n3kg (i) ) of the 1% slot RA in subframei is defined as n3kg (i) = Asss (i) + NSO / 2, where

Nokg (i) = RBgrarr » and RBgragr iS Obtained from the uplink scheduling grant asin subclause 8.4 and subclause 8.1.

The lowest index PRB (Npgg (i) ) of the 2™ slot RA in subframei is defined as Npgg (i) = Aprg (1) + NG9 /2.

The set of physical resource blocks to be used for PUSCH transmission are Lgg, contiguously allocated resource

blocks from PRB index nisB (i) forthe 1% dlot, and from PRB index npgg(i) for the 2" dot, respectively, where
Lcras IS Obtained from the uplink scheduling grant as in subclause 8.4 and subclause 8.1.

If the Hopping-mode is "inter-subframe”, the 1% slot RA is applied to even CURRENT_TX_NB, and the 2™ dlot RA is
applied to odd CURRENT_TX_NB, where CURRENT_TX_NB isdefined in [8].

8.4.2  Type 2 PUSCH hopping

In PUSCH hopping type 2 the set of physical resource blocks to be used for transmissionin slot ng is given by the

scheduling grant together with a predefined pattern according to [3] subclause 5.3.4.
If the system frame number is not acquired by the UE yet, the UE shall not transmit PUSCH with type-2 hopping and
Ng, >1 for TDD, where Ng, isdefinedin[3].

Table 8.4-2: PDCCH/EPDCCH DCI format 0 hopping bit definition

System BW [ Nymber of | Information in —
UL ; . : . Nprg (1)
Ngs Hopping bits hopping bits
- as 1 o | (= 2] + ) Jmoanig=.
1 Type 2 PUSCH Hopping
00 O_N FoscH /4j + A5 (i)) mod N g >
50 110 ) 01 (— LN e /4J + Nog (i)j mod N 5 =H
10 ON Fg /ZJ + Nomg (i)) mod Ny
11 Type 2 PUSCH Hopping

8.5 UE Reference Symbol (RS) procedure

If UL sequence-group hopping or sequence hopping is configured in a serving cell, it appliesto all Reference Symbols
(SRS, PUSCH and PUCCH RS). If disabling of the sequence-group hopping and sequence hopping is configured for the
UE in the serving cell through the higher-layer parameter Disable-sequence-group-hopping, the sequence-group
hopping and sequence hopping for PUSCH RS are disabled.
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8.6 Modulation order, redundancy version and transport block
size determination

To determine the modul ation order, redundancy version and transport block size for the physical uplink shared channel,
the UE shall first

- read the "modulation and coding scheme and redundancy version" field ( I ,,.s) if the UE isanon-BL/CE UEs
and read the “modulation and coding scheme” field ( |,,.5) if the UE isa BL/CE UE, and

check the "CSl request” bit field, and

compute the total number of allocated PRBS ( N 5, ) based on the procedure defined in subclause 8.1, and

compute the number of coded symbols for control information.
8.6.1 Modulation order and redundancy version determination
For anon-BL/CE UE and for 0<1,,.5 <28, the modulation order (Q,,) is determined as follows:

- If the UE is capable of supporting 64QAM in PUSCH and has not been configured by higher layers to transmit
only QPSK and 16QAM, the modulation order isgiven by Q,,in Table 8.6.1-1.

- If the UE is not capable of supporting 64QAM in PUSCH or has been configured by higher layers to transmit
only QPSK and 16QAM, Q,,isfirst read from Table 8.6.1-1. The modulation order issetto Q,, = min(4,Q,,) .

- If the parameter ttiBundling provided by higher layersis set to TRUE, then the modulation order is set to

Q,, =2 . Resource allocation sizeisrestricted to Nz <3 appliesin this case if the UE does not indicate
support by higher layers to operate without it.

For anon-BL/CE UE and for 29 < |, <31 the modulation order (Q,,) is determined as follows:

- if DCI format Oisused and | =29 or,if DCI format 4 isused and only 1 TB isenabled and |

MCS —
the enabled TB and the signalled number of transmission layersis 1, and if

MCS = 29for

- the"CSl request” bit field is 1 bit and the bit is set to trigger an aperiodic report and, Npgg <4 or,

- the"CSl request” bit field is 2 bits and istriggering an aperiodic CSl report for one serving cell according to
Table7.2.1-1A, and, Npgg <4 or,

- the"CSl request” bit field is 2 bits and is triggering an aperiodic CSl report for more than one serving cell
according to Table 7.2.1-1A and, Npgg <20 or,

- the"CSl request” bit field is 2 bits and is triggering an aperiodic CSl report for one CSl process according to
Table7.2.1-1Band Npgg <4 or,

- the"CSl request” bit field is 2 bits and is triggering an aperiodic CSl report for more than one CSI process
according to Table 7.2.1-1B and Npgg <20 or,

- the"CSl request” bit field is 2 bits and is triggering an aperiodic CSl report for one CSI process or { CSl
process, CSl subframe set} -pair according to Table 7.2.1-1Cand Npgg <4 or,

- the"CSl request” bit field is 2 bits and is triggering an aperiodic CSl report for more than one CSI process
and/or { CSI process, CSl subframe set} -pair according to Table 7.2.1-1C and Npgg <20, or
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- the"CSl request” bit field is 3 bits and is triggering an aperiodic CSl report for one CSl process according to
Table7.2.1-1D or Table 7.2.1-1E and Npgg < 4, or

- the"CSl request” bit field is 3 bits and is triggering an aperiodic CSl report for 2 to 5 CSl processes
according to Table 7.2.1-1D or Table 7.2.1-1E and Npgg <20, or

- the"CSl request” bit field is 3 bits and is triggering an aperiodic CSI report for more than 5 CSI processes
accordingto Table 7.2.1-1D or Table 7.2.1-1E,

then the modulation order issetto Q,, =2.

- Otherwise, the modulation order shall be determined from the DCI transported in the latest PDCCH/EPDCCH
with DCI format 0/4 for the same transport block using 0< | < 28. If thereis no PDCCH/EPDCCH with

MCS —
DCI format 0/4 for the same transport block using 0< | < 28, the modulation order shall be determined from

MCS —

- the most recent semi-persistent scheduling assignment PDCCH/EPDCCH, when the initial PUSCH for the
same transport block is semi-persistently scheduled, or,

- therandom access response grant for the same transport block, when the PUSCH is initiated by the random
access response grant.

For anon-BL/CE UE, the UE shall usel,,.s and Table 8.6.1-1 to determine the redundancy version (rvis) to usein the
physical uplink shared channel.

Table 8.6.1-1: Modulation, TBS index and redundancy version table for PUSCH

MCS Index | Modulation Order | TBS Index Redundancy Version
I McS Qm I TBS M'Vidx
0 2 0 0
1 2 1 0
2 2 2 0
3 2 3 0
4 2 4 0
5 2 5 0
6 2 6 0
7 2 7 0
8 2 8 0
9 2 9 0
10 2 10 0
11 4 10 0
12 4 11 0
13 4 12 0
14 4 13 0
15 4 14 0
16 4 15 0
17 4 16 0
18 4 17 0
19 4 18 0
20 4 19 0
21 6 19 0
22 6 20 0
23 6 21 0
24 6 22 0
25 6 23 0
26 6 24 0
27 6 25 0
28 6 26 0
29 1
30 reserved 2
31 3
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For aBL/CE UE, the modulation order is determined according to table 8.6.1-2. A BL/CE UE configured with
CEModeB is not expected to receive a DCI format 6-0B indicating 1,,.; >10.

For BL/CE UEs, the same redundancy version is applied to PUSCH transmitted in agiven block of N_. consecutive
subframes. The subframe number of the first subframe in each block of N, consecutive subframes, denoted as N, ,
satisfies Ny modN_. = 0. Denote lo asthe subframe number of the first uplink subframe intended for PUSCH.

The PUSCH transmission spans N72S°H consecutive subframes including non-BL/CE subframes where the PUSCH

transmission is postponed. For the j™ block of N consecutive subframes, the redundancy version (rvig) for

PUSCH is determined according to Table 7.1.7.1-2 using Iv=(]j +rv, )mod4, where j=01,...,J7" —1
NPUSCH
and JPUM =| & | The JPUS™ plocksof subframes are sequential intime, startingwith j =0 to which
acc

subframeig belongs. For a BL/CE UE configured in CEModeA, N, =1 and IVp, isdetermined by the
‘Redundancy version’ field in DCI format 6-0A. For a BL/CE UE configured with CEModeB, N, =4 for FDD and

Ny =5 for TDD, and vy =0.

Table 8.6.1-2: Modulation and TBS index table for PUSCH

MCS Index | Modulation Order | TBS Index
I'vics Qn I1es
0 2 0
1 2 1
2 2 2
3 2 3
4 2 4
5 2 5
6 2 6
7 2 7
8 2 8
9 2 9
10 2 10
11 4 10
12 4 11
13 4 12
14 4 13
15 4 14

8.6.2  Transport block size determination

For anon-BL/CE UE and for 0< 1,5 < 28, the UE shall first determine the TBSindex (| 55) usingl,,.s and Table

8.6.1-1 except if the transport block is disabled in DCI format 4 as specified below. For a transport block that is not
mapped to two-layer spatial multiplexing, the TBS is determined by the procedure in subclause 7.1.7.2.1. For a
transport block that is mapped to two-layer spatial multiplexing, the TBS is determined by the procedure in subclause
7.1.7.22.

For anon-BL/CE UE and for 29< |, <31,

- if DClI format Oisused and | ;5 =29 or, if DCI format 4 isused and only 1 TB isenabled and | ;-5 =29
for the enabled TB and the number of transmission layersis 1, and if

- the"CSl request” bit field is 1 bit and is set to trigger an aperiodic CSl report and Npgg <4 or,

- the"CSl request” bit field is 2 bits and is triggering an aperiodic CSI report for one serving cell according to
Table7.2.1-1A,and, Npgg <4 or,
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- the"CSl request” bit field is 2 bits and is triggering aperiodic CSI report for more than one serving cell
according to Table 7.2.1-1A and, Npgg <20 or,

- the"CSl request” bit field is 2 bits and is triggering an aperiodic CSl report for one CSl process according to
Table7.2.1-1Band Npgg <4 or,

- the"CSl request” bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSl process
according to Table 7.2.1-1B and, Npgg <20 or,

- the"CSl request” bit field is 2 bits and is triggering an aperiodic CSl report for one CSI process or { CSl
process, CSl subframe set} -pair according to Table 7.2.1-1Cand Npgg <4 or,

- the"CSl request” bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSl process
and/or { CSI process, CSl subframe set} -pair according to Table 7.2.1-1C and Npgg <20, or

- the"CSl request” bit field is 3 bits and is triggering an aperiodic CSl report for one CSl process according to
Table7.2.1-1D or Table 7.2.1-1Eand Npgg <4, or

- the"CSl request” bit field is 3 bits and is triggering an aperiodic CSl report for 2 to 5 CSI processes
according to Table 7.2.1-1D or Table 7.2.1-1E and Npgg <20, or

- the"CSl request” bit field is 3 bits and is triggering an aperiodic CSl report for more than 5 CSI processes
accordingto Table 7.2.1-1D or Table 7.2.1-1E,

then thereis no transport block for the UL-SCH and only the control information feedback for the current PUSCH
reporting mode is transmitted by the UE.

- Otherwise, the transport block size shall be determined from the initial PDCCH/EPDCCH for the same transport
block using 0< | 28. If thereisno initial PDCCH/EPDCCH with an uplink DCI format for the same

< 28, the transport block size shall be determined from

MCs <

transport block using 0< 1,

- the most recent semi-persistent scheduling assignment PDCCH/EPDCCH, when the initial PUSCH for the
same transport block is semi-persistently scheduled, or,

- therandom access response grant for the same transport block, when the PUSCH is initiated by the random
access response grant.
In DCI format 4 atransport block is disabled if either the combination of 1,,.s=0 and Npgg >1 or the combination

of Ipes=28 and Npgg =1 issignaled, otherwise the transport block is enabled.

For a BL/CE UE configured with CEModeA and a PUSCH transmission not scheduled by the Random Access
Response Grant, the UE shall first determine the TBSindex (| ;g5 ) Using I, and Table 8.6.1-2. For a BL/CE UE the
TBSis determined by the procedure in subclause 7.1.7.2.1.

For aBL/CE UE configured with CEModeA and a PUSCH transmission scheduled by the Random Access Response
Grant, the UE shall determine the TBS index by the procedure in subclause 6.2.
For aBL/CE UE configured with CEModeB, the TBS is determined according to the procedure in subclause 7.1.7.2.1

<10, and Npgg =6 when resource allocation field is 110" or ‘111" otherwise N o = 3.

for 0<iqgg<
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8.6.3 Control information MCS offset determination

Offset values are defined for single codeword PUSCH transmission and multiple codeword PUSCH transmission.
Single codeword PUSCH transmission offsets B> ", B . and [, shall be configured to values

according to Table 8.6.3-1,2,3 with the higher layer signalled indexes | ;’;RQ*ACK if the UE transmits no more than

22 HARQ-ACK bitsonaPUSCH, |5 ., and 152, respectively. Single codeword PUSCH transmission offset

BARQAK ghall be configured to values according to [Table 8.6.3-1] with the higher layer signalled index

I ;;R?; A% if the UE transmits more than 22 HARQ-ACK bits on a PUSCH. Muiltiple codeword PUSCH transmission

offsets Srmee " BR . and S, shall be configured to values according to Table 8.6.3-1,2,3 with the higher

layer signalled indexes | e . if the UE transmits no more than 22 HARQ-ACK bitson aPUSCH, | fioy e and
I ocﬁQs'etyMc , respectively. Multiple codeword PUSCH transmission offset ﬂon/;ngACK shall be configured to values

according to [Table 8.6.3-1] with the higher layer signalled index | (;'f’;g?,\;éﬁf if the UE transmits more than 22
HARQ-ACK bits on a PUSCH.
If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢, andif a

subframe belongs to uplink power control subframe set 2 as indicated by the higher layer parameter tpc-SubframeSet-
r12, then for that subframe, the UE shall use

. . HARQ-ACK HARQ-ACK RI CQl . HARQ-ACK
- thehigher layer indexes | oqsr  + Dot aox » loftsat stz @0 | oise sro iNPlaceof | e ,
| e S, s and | 52 respectively in Tables 8.6.3-1,2,3, to determine [Siien> . Botee and

,Bé;&t respectively for single codeword PUSCH transmissions, and

. . HARQ-ACK HARQ-ACK RI CQl .
- the higher layer indexes | i o sz + afsamc iz, x + otsemc sz @ Lot e st N place of
HA| ACK HARQ-ACK RI CQl . . .
Ioﬁsgfﬂc , Ioﬁsg?m,x + N otsamc @nd Iofget’Mc respectively in Tables 8.6.3-1,2,3, to determine

[rere-ack - BR . and Bee respectively for multiple codeword PUSCH transmissions.
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Table 8.6.3-1: Mapping of HARQ-ACK offset values and the index signalled by higher layers

Lo o otmme | Bt
0 2.000
1 2.500
2 3.125
3 4.000
4 5.000
5 6.250
6 8.000
7 10.000
8 12.625
9 15.875
10 20.000
11 31.000
12 50.000
13 80.000
14 126.000
15 1.0
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Table 8.6.3-2: Mapping of RI offset values and the index signalled by higher layers

I oRflfset or | oRflfset,Mc ﬁo'?:set
0 1.250
1 1.625
2 2.000
3 2.500
4 3.125
5 4.000
6 5.000
7 6.250
8 8.000
9 10.000
10 12.625
11 15.875
12 20.000
13 reserved
14 reserved
15 reserved
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Table 8.6.3-3: Mapping of CQI offset values and the index signalled by higher layers

Lt OF otec | Boe
0 reserved
1 reserved
2 1.125
3 1.250
4 1.375
5 1.625
6 1.750
7 2.000
8 2.250
9 2.500
10 2.875
11 3.125
12 3.500
13 4.000
14 5.000
15 6.250
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8.7 UE transmit antenna selection

UE transmit antenna selection is configured by higher layers via parameter ue-TransmitAntennaSel ection.
A UE configured with transmit antenna selection for a serving cell is not expected to

e  be configured with more than one antenna port for any uplink physical channel or signal for any configured
serving cell, or

e be configured with trigger type 1 SRS transmission on any configured serving cell, or
e be configured with simultaneous PUCCH and PUSCH transmission, or

¢  be configured with demodulation reference signal for PUSCH with OCC for any configured serving cell (see
[3], subclause 5.5.2.1.1), or

e receive DCI Format O indicating uplink resource allocation type 1 for any serving cell, or
e be configured with a SCG.
If UE transmit antenna selection is disabled or not supported by the UE, the UE shall transmit from UE port O.

If closed-loop UE transmit antenna selection is enabled by higher layers the UE shall perform transmit antenna selection
for PUSCH in response to the most recent command received via DCI Format 0 in subclause 5.3.3.2 of [4].

If aUE is configured with more than one serving cell, the UE may assume the same transmit antenna port value is
indicated in each PDCCH/EPDCCH with DCI format O in a given subframe.

If open-loop UE transmit antenna selection is enabled by higher layers, the transmit antenna for PUSCH/SRS to be
selected by the UE is not specified.

9 Physical downlink control channel procedures

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms ‘ secondary cell’, ‘ secondary cells' , ‘serving cell’, ‘serving
cells inthis clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms * secondary cell’, *secondary cells’, ‘serving cell’, ‘ serving
cells inthis clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term ‘primary cell’ in this clause refers to the PSCell of the SCG.

If aUE is configured with aLAA Scell, the UE shall apply the procedures described in this clause assuming frame
structure type 1 for the LAA Scell unless stated otherwise.

9.1 UE procedure for determining physical downlink control
channel assignment

9.1.1 PDCCH assignment procedure

The control region of each serving cell consists of a set of CCEs, numbered from0to Nccg —1 according to
subclause 6.8.1in [3], where Necg  isthetotal number of CCEsin the control region of subframe K.

The UE shall monitor a set of PDCCH candidates on one or more activated serving cells as configured by higher layer
signalling for control information, where monitoring implies attempting to decode each of the PDCCHSs in the set
according to all the monitored DCI formats.

A BL/CE UE isnot required to monitor PDCCH.
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The set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space SE") a
aggregation level Le {1,2,4,8} isdefined by aset of PDCCH candidates. For each serving cell on which PDCCH is
monitored, the CCEs corresponding to PDCCH candidate m of the search space SﬁL) are given by

L {(Yk +m’) mod \_NCCE’k / LJ }+i

whereY, isdefined below, i=0,---,L—1. For the common search space m’ =m. For the PDCCH UE specific search
space, for the serving cell on which PDCCH is monitored, if the monitoring UE is configured with carrier indicator field

then mM=m+M ). ncy where ng, isthe carrier indicator field value, else if the monitoring UE is not configured

with carrier indicator field then n=m, where m=0,---,M® -1, M) isthe number of PDCCH candidates to
monitor in the given search space.

If aUE is configured with higher layer parameter cif-InSchedulingCell-r13, the carrier indicator field value corresponds
to cif-InSchedulingCell-r 13, otherwise, the carrier indicator field value is the same as ServCelllndex given in [11].

The UE shall monitor one common search space in every non-DRX subframe at each of the aggregation levels4 and 8
on the primary cell.

A UE shall monitor common search space on a cell to decode the PDCCHSs necessary to receive MBMS on that cell
when configured by higher layers.

If aUE is not configured for EPDCCH monitoring, and if the UE is not configured with a carrier indicator field, then
the UE shall monitor one PDCCH UE-specific search space at each of the aggregation levels 1, 2, 4, 8 on each activated
serving cell in every non-DRX subframe.

If aUE is not configured for EPDCCH monitoring, and if the UE is configured with a carrier indicator field, then the
UE shall monitor one or more UE-specific search spaces at each of the aggregation levels 1, 2, 4, 8 on one or more
activated serving cells as configured by higher layer signalling in every non-DRX subframe.

If aUE is configured for EPDCCH monitoring on a serving cell, and if that serving cell is activated, and if the UE is not
configured with a carrier indicator field, then the UE shall monitor one PDCCH UE-specific search space at each of the
aggregation levels 1, 2, 4, 8 on that serving cell in all non-DRX subframes where EPDCCH is not monitored on that
serving cell.

If aUE is configured for EPDCCH monitoring on a serving cell, and if that serving cell is activated, and if the UE is
configured with a carrier indicator field, then the UE shall monitor one or more PDCCH UE-specific search spaces at
each of the aggregation levels 1, 2, 4, 8 on that serving cell as configured by higher layer signalling in all non-DRX
subframes where EPDCCH is not monitored on that serving cell.

The common and PDCCH UE-specific search spaces on the primary cell may overlap.

A UE configured with the carrier indicator field associated with monitoring PDCCH on serving cell ¢ shall monitor
PDCCH configured with carrier indicator field and with CRC scrambled by C-RNTI in the PDCCH UE specific search
space of serving cell c.

A UE configured with the carrier indicator field associated with monitoring PDCCH on the primary cell shall monitor
PDCCH configured with carrier indicator field and with CRC scrambled by SPS C-RNTI in the PDCCH UE specific
search space of the primary cell.

The UE shall monitor the common search space for PDCCH without carrier indicator field.

For the serving cell on which PDCCH is monitored, if the UE is not configured with a carrier indicator field, it shall
monitor the PDCCH UE specific search space for PDCCH without carrier indicator field, if the UE is configured with a
carrier indicator field it shall monitor the PDCCH UE specific search space for PDCCH with carrier indicator field.

If the UE is not configured with aLAA Scell, the UE is not expected to monitor the PDCCH of a secondary cell if it is
configured to monitor PDCCH with carrier indicator field corresponding to that secondary cell in another serving cell.

If the UE is configured with a LAA Scell, the UE is not expected to monitor the PDCCH UE specific space of the LAA
SCell if it is configured to monitor PDCCH with carrier indicator field corresponding to that LAA Scell in another
serving cell,
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- wherethe UE is not expected to be configured to monitor PDCCH with carrier indicator field in an LAA Scell;

- wherethe UE is not expected to be scheduled with PDSCH starting in the second slot in a subframeinan LAA
Scell if the UE is configured to monitor PDCCH with carrier indicator field corresponding to that LAA Scell in
another serving cell.

For the serving cell on which PDCCH is monitored, the UE shall monitor PDCCH candidates at least for the same
serving cell.

A UE configured to monitor PDCCH candidates with CRC scrambled by C-RNTI or SPS C-RNTI with a common
payload size and with the same first CCE index n-cg (asdescribed in subclause 10.1) but with different sets of DCI

information fields as defined in [4] in the
common search space
PDCCH UE specific search space
on the primary cell shall assume that for the PDCCH candidates with CRC scrambled by C-RNTI or SPS C-RNTI,

if the UE is configured with the carrier indicator field associated with monitoring the PDCCH on the primary cell,
only the PDCCH in the common search space is transmitted by the primary cell;

otherwise, only the PDCCH in the UE specific search space is transmitted by the primary cell.

A UE configured to monitor PDCCH candidates in a given serving cell with agiven DCI format size with CIF, and
CRC scrambled by C- RNTI, where the PDCCH candidates may have one or more possible values of CIF for the given
DCI format size, shall assume that a PDCCH candidate with the given DCI format size may be transmitted in the given
serving cell in any PDCCH UE specific search space corresponding to any of the possible values of CIF for the given
DCI format size.

If aserving cell isaLAA Scell, and if the higher layer parameter subframeStartPosition for the Scell indicates ‘ 07’

- The UE monitors PDCCH UE-specific search space candidates on the Scell in both the first and second slots of a
subframe, and the aggregation levels defining the search spaces are listed in Table 9.1.1-1A,;

otherwise,
- The aggregation levels defining the search spaces are listed in Table 9.1.1-1.

If aserving cell isaLAA Scell, the UE may receive PDCCH with DCI CRC scrambled by CC-RNTI as described in
subclause 13A onthe LAA Scell.

The DCI formats that the UE shall monitor depend on the configured transmission mode per each serving cell as
defined in subclause 7.1.

If aUE is configured with higher layer parameter skipMonitoringDCI-formatO-1A for a serving cell, the UE is not
required to monitor the PDCCH with DCI Format 0/1A in the UE specific search space for that serving cell.

If aUE is configured with higher layer parameter pdcch-candidateReductions for a UE specific search space at
aggregation level L for aserving cell, the corresponding number of PDCCH candidatesis given by

M = round(ax M %ﬁ ) wherethevalueof @ isdetermined according to Table9.1.1-2and M (fbn) is

determined according to Table 9.1.1-1 by replacing M Wwith MG
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Table 9.1.1-1: PDCCH candidates monitored by a UE

Number of PDCCH

Search space SEL)
candidates M)

Size [in CCEs]
6
12
8
16
16
16

Type Aggregation level L

UE-specific

(B[O NF
NIBRIN|IN|O|O

Common

Table 9.1.1-1A: PDCCH UE-specific search space candidates monitored by a UE on LAA Scell

Search space SEL) Number of PDCCH Number of PDCCH
- — candidates M) candidates M
Type Aggregation level L | Size [in CCEs] in first slot in second slot
1 6 6 6
. 2 12 6 6
UE-specific 4 ) 5 5
8 16 2 2

Table 9.1.1-2: Scaling factor for PDCCH candidates reduction

pdcch-candidateReductions | Value of a
0 0
1 0.33
2 0.66
3 1

For the common search spaces, Y, is set to O for the two aggregation levels L=4 and L=8.
For the UE-specific search space SEL) at aggregation level L , the variable Y, is defined by

where Y ; =ngyy 20, A=39827, D=65537 and K = LnS/ZJ , N, isthe dot number within aradio frame.

The RNTI value used for Ny, isdefined in subclause 7.1 in downlink and subclause 8 in uplink.

9.1.2

If aUE is not configured with multiple TAGs, or if aUE is configured with multiple TAGs and PUSCH transmissions
scheduled from serving cell cin subframe n are not scheduled by a Random Access Response Grant corresponding to a
random access preamble transmission for a secondary cell

PHICH assignment procedure

- For PUSCH transmissions scheduled from serving cell cin subframe n, the UE shall determine the
corresponding PHICH resource of serving cell ¢ insubframe n+Kkpy oy , Where

- Kpuicn isaways4for FDD.

- Kpuicy 156 for FDD-TDD and serving cell ¢ frame structure type 2 and the PUSCH transmission is for
another serving cell with frame structure type 1.

- Kpyicy 154 for FDD-TDD and serving cell ¢ frame structure type land the PUSCH transmissionis for a
serving cell with frame structure type 1.

- Kpycy isgivenintable 9.1.2-1 for FDD-TDD and serving cell ¢ frame structure type 1 and the PUSCH
transmission is for another serving cell with frame structure type 2.
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- For TDD, if the UE is not configured with EIMTA-MainConfigServCell-r12 for any serving cell and, if the UE is
configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cellsisthe same, for PUSCH transmissions scheduled from serving
cell cinsubframe n, the UE shall determine the corresponding PHICH resource of serving cell ¢ in subframe

N+Kppicy » Where Koo isgivenintable9.1.2-1.

- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration of at least
two configured serving cellsis not the same, or if the UE is configured with EIMTA-MainConfigServCell-ri2 for
at least one serving cell , or for FDD-TDD and serving cell ¢ frame structure type 2, for PUSCH transmissions
scheduled from serving cell ¢ in subframe n, the UE shall determine the corresponding PHICH resource of
serving cell ¢ insubframe n+Kppy oy » Where Koy oy isgivenintable 9.1.2-1, where the"TDD UL/DL
Configuration” in the rest of this subclause refersto the UL-reference UL/DL configuration (defined in
subclause 8.0) of the serving cell corresponding to the PUSCH transmission.

If aUE is configured with multiple TAGs, for PUSCH transmissions on subframe n for a secondary cell ¢ scheduled
by a Random Access Response grant corresponding to a random access preambl e transmission for the secondary cell ¢,

- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration of at least
two configured serving cellsis not the same, or if the UE is configured with EIMTA-MainConfigServCell-r12 for
at least one serving cell, or for FDD-TDD and serving cell ¢ frame structure type 2, the"TDD UL/DL
Configuration” in the rest of this subclause refers to the UL-reference UL/DL configuration (defined in
subclause 8.0) of secondary cell c.

- If the UE is not configured to monitor PDCCH/EPDCCH with carrier indicator field corresponding to secondary
cell ¢ inanother serving cell, the UE shall determine the corresponding PHICH resource on the secondary cell

¢ insubframe n+Kppy ey , Where
Kppicy isaways 4 for FDD and where Kpyy oy isgivenintable 9.1.2-1 for TDD.

Kppicny is4 for FDD-TDD and secondary cell € frame structure type 1.
Kpnicy isgivenintable9.1.2-1 for FDD-TDD and secondary cell € frame structure type 2

- If the UE is configured to monitor PDCCH/EPDCCH with carrier indicator field corresponding to secondary cell
¢ inanother serving cell cl, the UE configured with multiple TAGs shall determine the corresponding PHICH
resource on the serving cell ¢l in subframe n+kpy oy - Where

Kpp oy isaways 4 for FDD and where kpy oy isgivenintable 9.1.2-1 for TDD.

Kppicn is4 for FDD-TDD and primary cell frame structure type 1 and frame structure type 1 for secondary

cell ¢ and servingcell cl

Kpnicy isgivenintable 9.1.2-1 for FDD-TDD and serving cell ¢ frame structure type 2

Kpricy 186 for FDD-TDD and serving cell ¢ frame structure type 1 and serving cell clframe structure

type 2

For subframe bundling operation, the corresponding PHICH resource is associated with the last subframe in the bundle.
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Table 9.1.2-1: Kpycy for TDD

TDD UL/DL subframe index n
Configuration |0 |1 |2 |3 [4|5|6|7]|8]|9
0 4171|6 417 |6
1 416 416
2 6 6
3 6|6|6
4 6|6
5 6
6 4166 417

The PHICH resourceis identified by the index pair (n25&, ,Nonien ) Where n33 &, isthe PHICH group number and
Nprgicy 1S the orthogonal sequence index within the group as defined by:

group _ group group
NehicH = (lpre ra + NDMRs) MOANEL E + 1y NBHICH

sq - _ L group J PHICH
NpHicH = (L' pre_ra’/ NPHICH J+ Nbmrs) Mod 2N
where

*  Npurs IS Mapped from the cyclic shift for DMRS field (according to Table 9.1.2-2) in the most recent
PDCCH/EPDCCH with uplink DCI format [4] for the transport block(s) associated with the
corresponding PUSCH transmission. Nnpyrs Shall be set to zero, if thereis no PDCCH/EPDCCH with

uplink DCI format for the same transport block, and
e if theinitiad PUSCH for the same transport block is semi-persistently scheduled, or

« if theinitial PUSCH for the same transport block is scheduled by the random access response
grant .

PHICH
N

3.

is the spreading factor size used for PHICH modulation as described in subclause 6.9.1 in

for thefirst TB of a PUSCH with associated PDCCH/EPDCCH or for thecase of
no associated PDCCH/EPDCCH when the number of negatively acknowledged
| IS TBsisnot equal to the number of TBsindicatedin the most recent
PRB_RA ™ PDCCH/EPDCCH associated with the corresponding PUSCH

I  pa® +1  for asecond TB of @ PUSCH with associated PDCCH/EPDCCH

where | [ West_INde i the |owest PRB index in the first siot of the corresponding PUSCH

transmission

NaHicy isthe number of PHICH groups configured by higher layers as described in subclause 6.9 of

(31,

I _ |1 for TDD UL/DL configuration O with PUSCH transmissionin subframen= 4 or 9
PRICH 710 otherwise
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Table 9.1.2-2: Mapping between npyrs and the cyclic shift for DMRS field
in PDCCH/EPDCCH with uplink DCI format in [4]

Cyclic Shift for DMRS Field in PDCCH/EPDCCH n
with uplink DCI format in [4] DIIRE
000 0
001
010
011
100
101
110
111

N[O~ |WIN|F-

9.1.3  Control Format Indicator (CFI) assignment procedure

PHICH duration is signalled by higher layers according to Table 6.9.3-1in[3]. The duration signalled puts a lower

limit on the size of the control region determined from the control format indicator (CFI). When N % >10, if
extended PHICH duration isindicated by higher layers then the UE shall assume that CFl is equal to PHICH duration.

In subframesindicated by higher layers to decode PMCH, when N% >10, aUE may assume that CFl is equal to the
value of the higher layer parameter non-MBSFNregionLength [11].

9.1.4 EPDCCH assignment procedure

For each serving cell, higher layer signalling can configure a UE with one or two EPDCCH-PRB-sets for EPDCCH
monitoring. The PRB-pairs corresponding to an EPDCCH-PRB-set are indicated by higher layers as described in

subclause 9.1.4.4. Each EPDCCH-PRB-set consists of set of ECCEs numbered from0to Ngcep |, —1where

NECCE,p,k is the number of ECCEsin EPDCCH-PRB-set P of subframe k. Each EPDCCH-PRB-set can be
configured for either localized EPDCCH transmission or distributed EPDCCH transmission.

The UE shall monitor a set of EPDCCH candidates on one or more activated serving cells as configured by higher layer
signalling for control information, where monitoring implies attempting to decode each of the EPDCCHs in the set
according to the monitored DCI formats.

A BL/CE UE isnot required to monitor EPDCCH.
The set of EPDCCH candidates to monitor are defined in terms of EPDCCH UE-specific search spaces.

For each serving cell, the subframes in which the UE monitors EPDCCH UE-specific search spaces are configured by
higher layers.

The UE shall not monitor EPDCCH

- For TDD and normal downlink CP, in specia subframes for the specia subframe configurations 0 and 5, or for
frame structure type 3, in the subframe with the same duration as the DwWPT S duration of the specia subframe
configurations 0 and 5, shown in Table 4.2-1 of [3].

- For TDD and extended downlink CP, in special subframes for the special subframe configurations 0, 4 and 7
shown in Table 4.2-1 of [3].

- Insubframesindicated by higher layersto decode PMCH.

- For TDD and if the UE is configured with different UL/DL configurations for the primary and a secondary cell,
in adownlink subframe on the secondary cell when the same subframe on the primary cell is a special subframe
and the UE is not capable of simultaneous reception and transmission on the primary and secondary cells.

An EPDCCH UE-specific search space ES(" at aggregation level L e { 1,2,4,816,32 } is defined by a set of
EPDCCH candidates.
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For an EPDCCH-PRB-set P, the ECCEs corresponding to EPDCCH candidate m of the search space ESEL) are
given by

LY (Y

p.k

N
+ {%J +b)mod| Nece o, /L] b+1

MWL
Mp

where

Yp,k is defined below,

b=n,, if the UE s configured with a carrier indicator field for the serving cell on which EPDCCH is monitored,
otherwise b=0

Ng isthe carrier indicator field value,
m=O,L...M,§L) -1,

If the UE is not configured with a carrier indicator field for the serving cell on which EPDCCH is monitored, M é” is

the number of EPDCCH candidates to monitor at aggregation level L in EPDCCH-PRB-set P for the serving cell on

which EPDCCH is monitored, as given in Tables 9.1.4-1a, 9.1.4-1b, 9.1.4-2a, 9.1.4-2b, 9.1.4-3a, 9.1.4-3b, 9.1.4-43,
9.4.4-4b, 9.1.4-53, 9.1.4-5b below; otherwise, M LL) isthe number of EPDCCH candidates to monitor at aggregation

level L in EPDCCH-PRB-set P for the serving cell indicated by ng .

If aUE is configured with higher layer parameter pdcch-candidateReductions for a specific search space at aggregation
level L in EPDCCH-PRB-set P for aserving cell, the corresponding number of EPDCCH candidatesis given by

M E)L) = round(ax M Ef?u.. ) wherethevalueof @ is determined according to Table9.1.1-2and M E,%]Zuu is

determined according to Tables 9.1.4-1ato 9.1.4-5b by replacing M E)L) with M S,_%un .

If aUE is configured with higher layer parameter cif-InSchedulingCell-r13, the carrier indicator field value corresponds
to cif-InSchedulingCell-r13, otherwise the carrier indicator field value is the same as ServCellIndex given in [11].

A UE is not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EPDCCH candidate is
mapped to a PRB pair that overlaps in frequency with atransmission of either PBCH or primary or secondary
synchronization signals in the same subframe.

If a UE is configured with two EPDCCH-PRB-sets with the same n3 " value (where nfg”““"is defined in

subclause 6.10.3A.1in[3]), if the UE receives an EPDCCH candidate with a given DCI payload size corresponding to
one of the EPDCCH-PRB-sets and mapped only to a given set of REs (as described in subclause 6.8A.5in [3]), and if
the UE is a so configured to monitor an EPDCCH candidate with the same DCI payload size and corresponding to the
other EPDCCH-PRB-set and which is mapped only to the same set of RES, and if the number of the first ECCE of the
received EPDCCH candidate is used for determining PUCCH resource for HARQ-ACK transmission (as described in
subclause 10.1.2 and subclause 10.1.3), the number of the first ECCE shall be determined based on EPDCCH-PRB-set

p=0.
Thevariable Yo is defined by
Y, = (A, -YyysJmodD

where Y, | =nNgy, #0, A =39827, A =39829, D=65537 and k=] n,/2, n, istheslot number within a

radio frame. The RNTI value used for Ngyp, isdefined in subclause 7.1 in downlink and subclause 8 in uplink. The

DCI formats that the UE shall monitor depend on the configured transmission mode per each serving cell as defined in
subclause 7.1.
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If aUE is configured with higher layer parameter skipMonitoringDCI-formatO-1A for a serving cell, the UE is not
required to monitor the EPDCCH with DCI Format 0/1A in the UE specific search space for that serving cell.

If aserving cell isaLAA Scell, and if the higher layer parameter subframeStartPosition for the Scell indicates * 07’

the UE monitors EPDCCH UE-gspecific search space candidates on the Scell assuming they start in both the first
slot and the second slot of a subframe.

The aggregation levels defining the search spaces and the number of monitored EPDCCH candidatesis given as follows

For a UE configured with only one EPDCCH-PRB-set for distributed transmission, the aggregation levels
defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-1a, Table
9.1.4-1b.

For a UE configured with only one EPDCCH-PRB-set for localized transmission, the aggregation levels defining
the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-2a, Table 9.1.4-2b.

For a UE configured with two EPDCCH-PRB-sets for distributed transmission, the aggregation levels defining
the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-3a, 9.1.4-3b.

For a UE configured with two EPDCCH-PRB-sets for localized transmission, the aggregation levels defining the
search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-4a, 9.4.4-4b.

For a UE configured with one EPDCCH-PRB-set for distributed transmission, and one EPDCCH-PRB-set for
localized transmission, the aggregation levels defining the search spaces and the number of monitored EPDCCH
candidates are listed in Table 9.1.4-5a, 9.1.4-5b.

If the UE is not configured with a carrier indicator field for the serving cell on which EPDCCH is monitored,
Ngé = NF?E'; of the serving cell on which EPDCCH is monitored. If the UE is configured with a carrier indicator field

for the serving cell on which EPDCCH is monitored, I\AIRDé = NRDé of the serving cell indicated by n¢; .

For Tables 9.1.4-1a, 9.1.4-1b, 9.1.4-2a, 9.1.4-2b, 9.1.4-33, 9.1.4-3b, 9.1.4-43, 9.4.4-4b, 9.1.4-5a, 9.1.4-5b

Case 1 applies

for normal subframes and normal downlink CP when DCI formats 2/2A/2B/2C/2D are monitored and
Nos =25 ,or
- for frame structure type 3, for downlink subframes with PDSCH transmissions starting in the second slot,
- for specia subframes with special subframe configuration 3,4,8 for frame structure type 2 or the subframes

following DWPTS duration of specia subframe configuration 3,4,8 for frame structure type 3, and normal
downlink CP when DCI formats 2/2A/2B/2C/2D are monitored and N2 > 25 , or

- for normal subframes and normal downlink CP when DCI formats 1A/1B/1D/1/2/2A/2B/2C/2D/0/4/5/6-
0A/6-0B/6-1A/6-1B are monitored, and when Ngppeey <104 (Ngppeey defined in subclause 6.8A.1in [3]),

or

- for special subframes with special subframe configuration 3, 4, 8 for frame structure type 2 or the subframes
following DWPTS duration of  special subframe configuration 3,4,8 for frame structure type 3, and normal
downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4/5/6-0A/6-0B/6-1A/6-1B are monitored,
and when Ngppecy <104 (Ngppecy defined in subclause 6.8A.1in [3]);

Case 2 applies

- for normal subframes and extended downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4/5/6-
0A/6-0B/6-1A/6-1B are monitored or,

- for specia subframes with specia subframe configuration 1,2,6,7,9 for frame structure type 2 or the
subframes following DwPT S duration of specia subframe configuration 1,2,6,7,9 for frame structure type 3,
and normal downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4/5/6-0A/6-0B/6-1A/6-1B are
monitored , or

ETSI



3GPP TS 36.213 version 13.2.0 Release 13

NX

p
RB

- for specia subframes with specia subframe configuration 1,2,3,5,6 and extended downlink CP when DCI

241

ETSI TS 136 213 V13.2.0 (2016-08)

formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4/5/6-0A/6-0B/6-1A/6-1B are monitored;

otherwise

- Case3isapplied.

is the number of PRB-pairs constituting EPDCCH-PRB-set .

Table 9.1.4-1a: EPDCCH candidates monitored by a UE
(One Distributed EPDCCH-PRB-set - Casel, Case 2)

Number of EPDCCH candidates

Number of EPDCCH candidates

N Xp M &) for Case 1 M &) for Case 2
RB p p
L=2 | L=4 | L=8 | L=16 | L=32 | L=1 | L=2 | L=4 | L=8 | L=16
2 4 2 1 0 0 4 2 1 0 0
4 8 4 2 1 0 8 4 2 1 0
8 6 4 3 2 1 6 4 3 2 1

Table 9.1.4-1b: EPDCCH candidates monitored by a UE
(One Distributed EPDCCH-PRB-set — Case 3)

Number of EPDCCH candidates
X (L)
N RBu M b for Case 3
L=1 | L=2 | L=4 | L=8 | L=16
2 8 4 2 1 0
4 4 5 4 2 1
8 4 4 4 2 2

Table 9.1.4-2a: EPDCCH candidates monitored by a UE
(One Localized EPDCCH-PRB-set - Casel, Case 2)

Number of EPDCCH candidates

Number of EPDCCH candidates

N Xp M &) for Case 1 M &) for Case 2
RB p p
L=2 L=4 L=8 L=16 L=1 L=2 L=4 L=8
2 4 2 1 0 4 2 1 0
4 8 4 2 1 8 4 2 1
8 6 6 2 2 6 6 2 2

Table 9.1.4-2b: EPDCCH candidates monitored by a UE
(One Localized EPDCCH-PRB-set — Case 3)

Number of EPDCCH candidates
X (L)
N RBu M b for Case 3
L=1 L=2 L=4 L=8
2 8 4 2 1
4 6 6 2 2
8 6 6 2 2
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Table 9.1.4-3a: EPDCCH candidates monitored by a UE
(Two Distributed EPDCCH-PRB-sets - Casel, Case 2)

Number of EPDCCH candidates | Number of EPDCCH candidates
N2 | NQP [M M f)LZ)] for Case 1 [m M E)Lz)] for Case 2

L=2 | L=4 | L=8 | L=16 | L=32 | L=1 | L=2 | L=4 | L=8 | L=16
2 2 44 | 22 | 11 0,0 0,0 44 | 22 | 1,1 | 0,0 0,0
4 4 33|33 |11 1,1 0,0 33 [ 33|11 |11 0,0
8 8 3,3 2,2 1,1 1,1 1,1 3,3 2,2 1,1 1,1 1,1
4 2 53 |32 |11 1,0 0,0 53 | 32|11 | 1,0 0,0
8 2 4,2 4,2 1,1 1,0 1,0 4,2 4,2 1,1 1,0 1,0
8 4 33| 22|21 1,1 1,0 33 22|21 |11 1,0

Table 9.1.4-3b: EPDCCH candidates monitored by a UE
(Two Distributed EPDCCH-PRB-sets — Case 3)

Number of EPDCCH candidates
Négl Négz [m M E)Lz)] for Case 3

L=1 | L=2 | L=4 | L=8 | L=16
2 2 2,2 3,3 2,2 1,1 0,0
4 4 2,2 2,2 2,2 1,1 1,1
8 8 22 | 22|22 |11 1,1
4 2 31 (32|31 |11 1,0
8 2 3,1 4,1 3,1 1,1 1,0
8 4 2,2 2,2 2,2 1,1 1,1

Table 9.1.4-4a: EPDCCH candidates monitored by a UE
(Two Localized EPDCCH-PRB-sets - Casel, Case 2)

Number of EPDCCH candidates | Number of EPDCCH candidates
Négl Né(gz [M .M E ]for Case 1 [M .M E)Lz)] for Case 2

=2 [ =4 [ =8 [ L=16 | L=1 [ =2 [ L=4 [ L=8
2 2 4.4 2,2 1,1 0,0 4.4 2,2 1,1 0,0
4 4 3,3 3,3 1,1 1,1 3,3 3,3 1,1 1,1
8 8 3,3 3,3 1,1 1,1 3,3 3,3 1,1 1,1
4 2 4.3 4,2 1,1 1,0 4,3 4,2 1,1 1,0
8 2 5,2 4,2 1,1 1,0 5,2 4,2 1,1 1,0
8 4 3,3 3,3 1,1 1,1 3,3 3,3 1,1 1,1

Table 9.1.4-4b: EPDCCH candidates monitored by a UE
(Two Localized EPDCCH-PRB-sets — Case 3)

Number of EPDCCH candidates
N:gl NF);SZ [M &) M E)Lz)] for Case 3

L=1 [ L=2 | L=4 | L=8
2 2 3,3 3,3 1,1 1,1
4 4 3,3 3,3 1,1 1,1
8 8 3,3 3,3 1,1 1,1
4 2 4,2 4,2 1,1 1,1
8 2 4,2 4,2 1,1 1,1
8 4 3,3 3,3 1,1 1,1
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Table 9.1.4-5a: EPDCCH candidates monitored by a UE (NOTE)

Number of EPDCCH candidates Number of EPDCCH candidates
N2 | NQP [M M f)LZ)] for Case 1 [M M f)LZ)] for Case 2
L=2 L=4 L=8 L=16 L=32 L=1 L=2 L=4 L=8 L=16
4.4 2,2 1,1 0,0 0,0 4.4 2,2 1,1 0,0 0,0
4,2 4,3 0,2 0,1 0,0 4,2 4,3 0,2 0,1 0,0
4,1 4,2 0,2 0,2 0,1 4,1 4,2 0,2 0,2 0,1
4.3 2,4 0,2 0,1 0,0 4,3 2,4 0,2 0,1 0,0
4.1 2,2 0,4 0,2 0,1 41 2,2 0,4 0,2 0,1
5,2 4.2 1,1 1,0 0,0 5,2 4.2 1,1 1,0 0,0
4,1 4,2 0,2 0,2 0,1 4,1 4,2 0,2 0,2 0,1
51 4,2 2,1 1,0 0,0 5,1 4,2 2,1 1,0 0,0
6,1 4.2 0,2 0,1 0,0 6,1 4.2 0,2 0,1 0,0

WO [AINN|O(A~IN
HIN(O|IN|CO|A [N

NOTE: One localized EPDCCH-PRB-set and one distributed EPDCCH-PRB-set, - Casel, Case 2;
P, is the identity of the localized EPDCCH-PRB-set,

P, is the identity of the distributed EPDCCH-PRB-set

Table 9.1.4-5b: EPDCCH candidates monitored by a UE (NOTE)

Number of EPDCCH candidates
X X (L) (L)
N i [M© M ©] for case 3
L=1 L=2 L=4 L=8 L=16
2 2 4.1 4.2 2,2 0,1 0,0
4 4 41 41 2,2 0,1 0,1
8 8 4,1 4,1 2,2 0,1 0,1
2 4 4,1 4,1 2,2 0,1 0,1
2 8 4.1 41 2,2 0,1 0,1
4 2 4,1 4,1 2,2 1,1 0,0
4 8 4,1 4,1 2,2 0,1 0,1
8 2 4,1 4,1 4,1 0,1 0,0
8 4 4,1 4,1 2,2 0,1 0,1
NOTE: One localized EPDCCH-PRB-set and one distributed EPDCCH-PRB-set - Case 3);
P, is the identity of the localized EPDCCH-PRB-set,
P, is the identity of the distributed EPDCCH-PRB-set)

If the UE is not configured with a carrier indicator field, then the UE shall monitor one EPDCCH UE-specific search
space at each of the aggregation levels given by Tables 9.1.4-1ato 9.1.4-5b on each activated serving cell for whichiitis
configured to monitor EPDCCH.

If aUE is configured for EPDCCH monitoring, and if the UE is configured with a carrier indicator field, then the UE
shall monitor one or more EPDCCH UE-specific search spaces at each of the aggregation levels given by Tables 9.1.4-
lato 9.1.4-5b on one or more activated serving cells as configured by higher layer signalling.

A UE configured with the carrier indicator field associated with monitoring EPDCCH on serving cell ¢ shall monitor
EPDCCH configured with carrier indicator field and with CRC scrambled by C-RNTI in the EPDCCH UE specific
search space of serving cell c.

A UE configured with the carrier indicator field associated with monitoring EPDCCH on the primary cell shall monitor
EPDCCH configured with carrier indicator field and with CRC scrambled by SPS C-RNTI in the EPDCCH UE specific
search space of the primary cell.

A UE is not expected to be configured to monitor EPDCCH with carrier indicator field in an LAA Scell

A UE is not expected to be scheduled with PDSCH starting in the second dot in asubframein an LAA Scell if the UE
is configured to monitor EPDCCH with carrier indicator field corresponding to that LAA Scell in another serving cell
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For the serving cell on which EPDCCH is monitored, if the UE is not configured with a carrier indicator field, it shall
monitor the EPDCCH UE specific search space for EPDCCH without carrier indicator field, if the UE is configured
with acarrier indicator field it shall monitor the EPDCCH UE specific search space for EPDCCH with carrier indicator
field.

A UE is not expected to monitor the EPDCCH of a secondary cell if it is configured to monitor EPDCCH with carrier
indicator field corresponding to that secondary cell in another serving cell.  For the serving cell on which EPDCCH is
monitored, the UE shall monitor EPDCCH candidates at least for the same serving cell.

A UE configured to monitor EPDCCH candidates in a given serving cell with a given DCI format size with CIF, and
CRC scrambled by C- RNTI, where the EPDCCH candidates may have one or more possible values of CIF for the
given DCI format size, shall assume that an EPDCCH candidate with the given DCI format size may be transmitted in
the given serving cell in any EPDCCH UE specific search space corresponding to any of the possible values of CIF for
the given DCI format size.

For the serving cell on which EPDCCH is monitored, a UE is not required to monitor the EPDCCH in a subframe
which is configured by higher layersto be part of a positioning reference signal occasion if the positioning reference
signa occasion is only configured within MBSFN subframes and the cyclic prefix length used in subframe #0 is normal
cyclic prefix.

A UE may assume the same C,;; value (described in subclause 6.10.3A.1 of [3]) is used for antenna ports 107,108
while monitoring an EPDCCH candidate associated with either antenna port 107 or antenna port 108.

A UE may assume the same C,;; Vvalue (described in subclause 6.10.3A.1 of [3]) is used for antenna ports 109,110
while monitoring an EPDCCH candidate associated with either antenna port 109 or antenna port 110.

9.14.1 EPDCCH starting position

For agiven serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission modes 1-9,

- if the UE is configured with a higher layer parameter epdcch-StartSymbol-rii,
o the starting OFDM symbol for EPDCCH given by index |zppechsar 1S determined from the higher
layer parameter,
- otherwise
o the starting OFDM symbol for EPDCCH given by index | cppccpgar 1S iven by the CFI vaueiin the
subframe of the given serving cell when NRg >10, and |gppecngar 1S Given by the CFI value+1in

the subframe of the given serving cell when NS5 <10

For agiven serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission mode 10, for each EPDCCH-PRB-set, the starting OFDM symbol for monitoring EPDCCH

in subframe k is determined from the higher layer parameter pdsch-Sart-r11 (defined in subclause 9.1.4.3) as follows

if the value of the parameter pdsch-Sart-r11 belongsto {1,2,3,4},

0 |'ppccnsar 1S 9iven by the higher layer parameter pdsch-Start-r11
— otherwise
0 I'copecngar 1S TIVEN by the CFI valuein subframe Kk of the given serving cell when NR§ >10, and

' copccnsas 1S 0iven by the CFI value+1 in subframe Kk of the given serving cell when Ngg <10

- if subframe k isindicated by the higher layer parameter mbsfn-SubframeConfigList-r11 (defined in subclause
9.1.4.3), or if subframe k issubframe 1 or 6 for frame structure type 2,

— i '
0 IEPDCCHSan - mln(Z, I EPDCCHSar t ) !

— otherwise
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0 IEPDCCHStart = IEPDCCHStart )

If aserving cell isaLAA Scell, and if the higher layer parameter subframeStartPosition for the Scell indicates * 07’

— for monitoring EPDCCH candidates starting in the first dot of the subframe, the starting OFDM symbol for
EPDCCH isgiven by index |gppoopgae 1N the first slot in a subframe;

- for monitoring EPDCCH candidates starting in the second slot of the subframe, the starting OFDM symbol for
EPDCCH isgiven by index |gppcopgae 1N the second slot in a subframe;

otherwise

- the starting OFDM symbol for EPDCCH is given by index |gppoopgae 1N the first slot in a subframe.

9.14.2 Antenna ports quasi co-location for EPDCCH

For agiven serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission modes 1-9, and if the UE is configured to monitor EPDCCH,

- the UE may assume the antenna ports 0 — 3, 107 — 110 of the serving cell are quasi co-located (as defined in[3])
with respect to Doppler shift, Doppler spread, average delay, and delay spread.

For agiven serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission mode 10, and if the UE is configured to monitor EPDCCH, for each EPDCCH-PRB-s&t,

- if the UE is configured by higher layers to decode PDSCH according to quasi co-location Type-A as described in
subclause 7.1.10

- the UE may assume the antenna ports 0 — 3, 107 — 110 of the serving cell are quasi co-located (as defined in
[3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.

- if the UE is configured by higher layers to decode PDSCH according to quasi co-location Type-B as described in
subclause 7.1.10

- the UE may assume antenna ports 15 — 22 corresponding to the higher layer parameter qcl-CS-RS
ConfigNZPId-r11 (defined in subclause 9.1.4.3) and antenna ports 107-110 are quasi co-located (as defined
in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.

9.1.4.3 Resource mapping parameters for EPDCCH

For agiven serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission mode 10, and if the UE is configured to monitor EPDCCH, for each EPDCCH-PRB-s¢t, the
UE shall use the parameter set indicated by the higher layer parameter re-MappingQCL-Configld-r11 for determining
the EPDCCH RE mapping (defined in subclause 6.8A.5 of [3]) and EPDCCH antenna port quasi co-location. The
following parameters for determining EPDCCH RE mapping (as described in subclause 6.8A.5 of [3]) and EPDCCH
antenna port quasi co-location are included in the parameter set:

- crs-PortsCount-r1l.

- crs-Fregshift-ril.

- mbsfn-SubframeConfigList-r11.
- csi-RSConfigZPId-r11.

- pdsch-Sart-r11.

- qcl-CY-RS-ConfigNZPId-r11.

- csi-RS-ConfigzPld2-r12 if the UE is configured with CSI subframe sets C.q, and Cg, by the higher layer

parameter csi-SubframePatternConfig-r12 for the serving cell or the UE is configured with higher layer
parameter eMIMO-Type for TDD serving cell.
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9.14.4 PRB-pair indication for EPDCCH
For BL/CE UEs and USS, following is applied in the rest of this subclause.

N':g is used in place of NF):B" .

- If N ';(Bp =2+4, PRB-pairs of the 2 PRB set is obtained using resourceBlockAssignment-r11 and the procedure
described in the rest of this subclause. PRB-pairs of the 4 PRB set is the remaining 4 PRB-pairsin PRB-pairsin

MPDCCH-PRB-set pP.If N 'ég =2, PRB-pairs of the 2 PRB set is obtained using resour ceBlockAssignment-
r11 and the procedure described in the rest of this subclause. If N ':g =4, PRB-pairs of the 4 PRB set is obtained
using resourceBlockAssignment-r11 and the procedure described in the rest of this subclause.

- Nps issetto®.

For agiven serving cell, for each EPDCCH-PRB-pair set/MPDCCH-PRB-pair set P, the UE is configured with a
higher layer parameter resour ceBlockAssignment-r11 indicating a combinatorial index I corresponding to the PRB

Na -1

Xp . . OL _ K .
index {k J'= ™, (1<k <N&, k <k,,)and given by equation  _ S <NRB k'>,where N isthe number of

RB ! X
n P
i=0 NRB |

PRB pairs associated with the downlink bandwidth, N F):E;’ is the number of PRB-pairs constituting EPDCCH-PRB-
set/MPDCCH-PRB-pair set P, and is configured by the higher layer parameter numberPRBPairs-r11, and

X DL
X N
< >: (y] X>y is the extended binomial coefficient, resulting in unique label I € {O""{N?(BJ_:L}

0 x<y RE

9.1.5 MPDCCH assignment procedure

A BL/CE UE shall monitor a set of MPDCCH candidates on one or more Narrowbands (described in subclause 5.2.4 of
[3]) as configured by higher layer signalling for control information, where monitoring implies attempting to decode
each of the MPDCCHSs in the set according to all the monitored DCI formats. The Narrowband in a subframe used for
MPDCCH monitoring is determined as described in [3].

A UE that isnot aBL/CE UE is not required to monitor MPDCCH.

Higher layer signalling can configure a BL/CE UE with one or two MPDCCH-PRB-sets for MPDCCH monitoring. The
PRB-pairs corresponding to an MPDCCH-PRB-set are indicated by higher layers. Each MPDCCH-PRB-set consists of

set of ECCEs numbered from0to N'geee ,—1where N'geee  isthe number of ECCEsin MPDCCH-PRB-set

p of subframe k.

The MPDCCH-PRB-set(s) can be configured by higher layers for either localized MPDCCH transmission or distributed
MPDCCH transmission.

The set of MPDCCH candidates to monitor are defined in terms of MPDCCH search spaces.
The BL/CE UE shall monitor one or more of the following search spaces
- aTypeO-MPDCCH common search space if configured with CEmodeA,
- aTypel-MPDCCH common search space,
- aType2-MPDCCH common search space, and
- aMPDCCH UE-gpecific search space.
A BL/CE UE configured with CEModeB is not required to monitor TypeO-MPDCCH common search space.
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The BL/CE UE is not required to simultaneously monitor MPDCCH UE-specific search space and Typel-MPDCCH
common search space.

The BL/CE UE is not required to simultaneously monitor MPDCCH UE-specific search space and Type2-MPDCCH
common search space.

A BL/CE UE is not expected to monitor an MPDCCH candidate, if an ECCE corresponding to that MPDCCH
candidate is mapped to a PRB pair that overlaps with a transmission of PDSCH scheduled previously in the same
subframe. For aggregationlevel L'=24 or L'=12 ECCEs, the number of ECCEs refers to the MPDCCH mapping

to the REs of the 2+4 PRB set as defined in [3]. An MPDCCH search space MSEL"R) at aggregation level

L'e{1,2,4,8,16,12,24} and repetitionlevel Re {1,2,4,8,16,32,64,128,256is defined by a set of MPDCCH

candidates where each candidate isrepeated in aset of R consecutive BL/CE downlink subframes starting with
subframe K . For an MPDCCH-PRB-set P, the ECCEs corresponding to MPDCCH candidate m of the search space

MSEL"R) are given by

m- N .
Le (You + {ﬁfﬁka) mod LN'ECCEM / L'J +i

p
where
i1=0,...,L-1
m=01...M""-1,

M " is the number of MPDCCH candidates to monitor at aggregation level L' in MPDCCH-PRB-set [ in each
subframein the set of R consecutive subframes.

Yp,k for MPDCCH UE-specific search space is determined as described in subclause 9.1.4, and Yp’k = Ofor TypeO-

MPDCCH common search space, Typel-MPDCCH common search space and Type2-MPDCCH common search
space.

A BL/CE UE is not expected to monitor MPDCCH in subframes that are not BL/CE DL subframes.

Until BL/CE UE receives higher layer configuration of MPDCCH UE-specific search space, the BL/CE UE monitors
MPDCCH according to the same configuration of MPDCCH search space and Narrowband as that for MPDCCH
scheduling Msg4.

The aggregation and repetition level s defining the MPDCCH search spaces and the number of monitored MPDCCH
candidates are given as follows:

For MPDCCH UE-specific search space
- if the BL/CE UE is configured with N 'éB" =2or N 'éB" =4 PRB-pairs, and mPDCCH-NumRepetition=1, and

- if the MPDCCH-PRB-set is configured for distributed transmission, the aggregation levels defining the
search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.4-1aand Table

9.1.4-1b, where L issubstituted with L' for L <24, and N ¢ issubstituted with N'%Z.

- if the MPDCCH-PRB-set is configured for localized transmission, the aggregation levels defining the search
spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.4-2a and Table 9.1.4-2b,

where L issubstituted with L' and N2 issubstituted with N'%Z.

- otherwise

- if the UE is configured with CEModeA, and N 'ég =2or N 'ég =4, the aggregation and repetition levels
defining the search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.5-1a
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if the UE is configured with CEModeA, and N ';B" =2+4 , the aggregation and repetition levels defining the

search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.5-1b

- if the UE is configured with CEModeB, and N ';B" =2or N ';g =4, the aggregation and repetition levels

defining the search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.5-2a

if the UE is configured with CEModeB, and N ';B" =2+4 , the aggregation and repetition levels defining the
search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.5-2b

N ';B" is the number of PRB-pairs configured for MPDCCH UE-specific search space. When N ';g =2+4, it isgiven by

the higher layer parameter number PRB-Pairs-ri13, and when N ';B" =2or N 'ég =4, it is given by the higher layer
parameter number PRB-Pairs-r11.

rl, r2, r3, r4aredetermined from Table 9.1.5-3 by substituting the value of 1., with the value of higher layer
parameter mPDCCH-NumRepetition.

The PRB-pairs within a Narrowband corresponding to an MPDCCH-PRB-set are indicated by higher layers and are
determined using the description given in subclause 9.1.4.4.

If higher layer configuration numberPRB-Pairs-r13 for MPDCCH-PRB-set pis6, N 'éé =2+4, and the number of
PRB-pairsin an MPDCCH-PRB-set P = 2+4.

If Type2-MPDCCH common search space,

PRB-pairs of the 2 PRB set in the 2+4 PRB set correspond to PRB-pairs with the largest two PRB indicesin
MPDCCH-PRB-set p.

PRB-pairs of the4 PRB set in the 2+4 PRB set correspond to PRB-pairs with the smallest 4 PRB indicesin
MPDCCH-PRB-set p

PRB-pairs of the 2+4 PRB set in the 2+4 PRB set correspond to al PRB-pairsin MPDCCH-PRB-set D

Table 9.1.5-1a: MPDCCH candidates monitored by a BL/CE UE
(CEModeA, MPDCCH-PRB-set size — 2PRBs or 4PRBs)

lep R M'(pl-)
RB - - e — T
L'=2 L'=4 L'=8 L'=16 | L'=24
2 " 2 1 1 0 0
4 1 1 1 1 0
2 2 2 1 1 0 0
4 1 1 1 1 0
2 3 2 1 1 0 0
4 1 1 1 1 0
2 " 2 1 1 0 0
4 1 1 1 1 0
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Table 9.1.5-1b: MPDCCH candidates monitored by a BL/CE UE
(CEModeA, MPDCCH-PRB-set size — 2+4PRBs)

M (L)
MPDCCH PRB set R P

I
[N}

olo|o|o|o|o|o|o|o|o|o|r| i
r

o|lo|o|o|r|olo|dv(k|o|Nv|ol
©

L'=16 | L'=24

2 PRB set in 2+4 PRB set

4 PRB set in 2+4 PRB set rl
Both PRB sets in 2+4 PRB set

2 PRB set in 2+4 PRB set

4 PRB set in 2+4 PRB set
Both PRB sets in 2+4 PRB set

2 PRB set in 2+4 PRB set

4 PRB set in 2+4 PRB set
Both PRB sets in 2+4 PRB set

2 PRB set in 2+4 PRB set

4 PRB set in 2+4 PRB set
Both PRB sets in 2+4 PRB set

o

r2

r3

r4

,_
olo|o|o|o|o|o|o|r|o|o|r| i
D
o|lo|lo|o|r|o|o|r|o|o|-
r|lolo|r|o|lo|r|olo|r|o|lo

Table 9.1.5-2a: MPDCCH candidates monitored by a BL/CE UE
(CEModeB, MPDCCH-PRB-set size — 2PRBs or 4PRBSs)

(L)
N | R M5
L'=2 L'=4 L'=8 L'=16 L'=24
2 " 0 0 1 0 0
4 0 0 1 1 0
2 2 0 0 1 0 0
4 0 0 1 1 0
2 3 0 0 1 0 0
4 0 0 1 1 0
2 ra 0 0 1 0 0
4 0 0 1 1 0

Table 9.1.5-2b: MPDCCH candidates monitored by a BL/CE UE
(CEModeB, MPDCCH-PRB-set size — 2+4PRBs)

M (L)
MPDCCH PRB set R P
L'=4

I
(N}

olo|o|o|o|o|o|o|o|o|o|o]
r

o|lo|r|o|olr|o|olr|o|o|]i
©

L'=16 | L'=24

2 PRB set in 2+4 PRB set

4 PRB set in 2+4 PRB set rl
Both PRB sets in 2+4 PRB set

2 PRB set in 2+4 PRB set

4 PRB set in 2+4 PRB set
Both PRB sets in 2+4 PRB set

2 PRB set in 2+4 PRB set

4 PRB set in 2+4 PRB set
Both PRB sets in 2+4 PRB set

2 PRB set in 2+4 PRB set

4 PRB set in 2+4 PRB set
Both PRB sets in 2+4 PRB set

o

r2

r3

r4

OoO|O|O|0O|0|0O|O|0O|O|O|O|O
O|IR|O|I0|r|O|0|Rr |00
R|IOIO|R|O|0|RL|O|0|r |00

Table 9.1.5-3: Determination of repetition levels

lax ri r2 r3 r4
1 1 - - -
2 1 2 - -
4 1 2 4 -

>=8 Moo 18 | Toax /4 | Tk /2 (.
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Table 9.1.5-4: Repetition levels for Typel-MPDCCH common search space

lax ri | r2 | r3|r4
256 2 16 | 64 | 256
128 2 16 | 64 | 128
64 2 8 | 32| 64
32 1 4 |16 | 32
16 1 4 8 | 16
8 1 2 4 8
4 1 2 4 -
2 1 2 - -
1 1 - - -

For TypeO-MPDCCH common search space, the narrowband location and the MPDCCH-PRB-set P arethesameas
for MPDCCH UE-specific search space, and

- it N'R2=2,

- M =1for L'=8and repetitionlevels r1,r2, r3, r4 givenin Table9.1.5.-3. For all other cases,
M.(pL') -0

- if N'A2=4,

M) =1for L'=16 and repetitionlevels r1,r2, r3, r4 givenin Table 9.1.5.-3. For all other cases,

(L) —
M) =0

- if N'X=2+4,

M‘(pL') =1for L'=24and repetitionlevels r1,r2, r3, r4 givenin Table9.1.5.-3. For all other cases,

(L) —
M) =0

For Typel-MPDCCH common search space, the number of PRB-pairsin MPDCCH-PRB-set P is 2+4 PRB-pairs, and

M) =1 for L'=24and repetition levels r1,r2, r3, r4 wherethe repetition levels are determined from
Table 9.1.5-4 by substituting the value of r__ with higher layer parameter mPDCCH-NumRepetition-Paging.

- For all other cases, M'(pL') =0

For Type2-MPDCCH common search space, the number of PRB-pairsin MPDCCH-PRB-set P is 2+4 PRB-pairs, and

- If the most recent coverage enhancement level used for PRACH is coverage enhancement level 0 and 1, the
aggregation and repetition levels defining the search spaces and the number of monitored MPDCCH candidates
are determined from Table 9.1.5-1b, by assuming that the number of candidates for L'<8 as zero.

- If the most recent coverage enhancement level used for PRACH is coverage enhancement level 2 and 3, the

aggregation and repetition levels defining the search spaces and the number of monitored MPDCCH candidates
are determined from Table 9.1.5-2b.

where 11, r2, r3, r4daredetermined from Table 9.1.5-3 by substituting the value of r_, with the value of higher
layer parameter mMPDCCH-NumRepetition-RA.

In tables 9.1.5-1a, 9.1.5-1b, 9.1.5-2a, 9.1.5-2b, and for Type0, Typel, Type2 MPDCCH common search space, L' is
applied for NEser =4,and L" isapplied for N =8 wherein L"=L"/ 2 substitutingthevaluesof L'.
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For Typel-MPDCCH common search space and Type2-MPDCCH common search space, distributed MPDCCH
transmission is used.

For MPDCCH UE-specific search space, Type0-common search space, and Type2-common search space locations of
starting subframe k aregivenby k =k where k, isthe b " consecutive BL/CE DL subframe from subframe kO,

and b=u-rj,and u:O,L,,,rm—?X—l,and j e {1,2,34}, where
r

- subframe KO isasubframe satisfying the condition (10n, +| n,/2)modT =0, where T =r._ -G

- For MPDCCH UE-specific search space, TypeO-common search space G is given by the higher layer
parameter mPDCCH-startSF-UESS,

- For Type2-common search space, G isgiven by the higher layer parameter mPDCCH-startSF-CSS-RA-r13
- I, iSgiven by higher layer parameter mPDCCH-NumRepetition, and

- rl, r2, r3, rdaregivenin Table 9.1.5-3.

A BL/CE UE is not expected to be configured with valuesof r,_ and G that result in non-integer valuesof T .

For Typel-common search space, k=k0 and isdetermined from locations of paging opportunity subframes,

If Systeml nformationBlockTypel-BR or S| message is transmitted in one narrowband in subframe k , a BL/CE UE shall
assume MPDCCH in the same narrowband in the subframe K is dropped.

The BL/CE UE is not required to monitor an MPDCCH search space if any ECCEs corresponding to any of its
MPDCCH candidates occur within aframe before n, = 0and aso occur within framen, =0.

For MPDCCH UE-specific search space or for Type0-common search space if the higher layer parameter mPDCCH-
NumRepetition is set to 1; or for Type2-common search space if the higher layer parameter mPDCCH-NumRepetition-
RAissetto 1;

- TheBL/CE UE is not required to monitor MPDCCH

- For TDD and normal downlink CP, in special subframes for the special subframe configurations 0 and 5
shown in Table 4.2-1 of [3]

- For TDD and extended downlink CP, in special subframes for the special subframe configurations0, 4 and 7
shown in Table 4.2-1 of [3];

otherwise
- TheBL/CE UE isnot required to monitor MPDCCH
- For TDD, in special subframes, if the BL/CE UE is configured with CEModeB

- For TDD and normal downlink CP, in special subframes for the special subframe configurationsO, 1, 2,5,6,7
and 9 shownin Table 4.2-1 of [3], if the BL/CE UE is configured with CEModeA

- For TDD and extended downlink CP, in special subframes for the special subframe configurations0, 4, 7, 8
and 9 shown in Table 4.2-1 of [3], if the BL/CE UE is configured with CEModeA.

The number of MPDCCH repetitionsisindicated in the ‘ DCI subframe repetition number’ field in the DCI according to
the mapping in Table 9.1.5-5.
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Table 9.1.5-5: Mapping for DCI subframe repetition number

R DCI subframe repetition number
rl 00
r2 01
r3 10
ra 11
9.15.1 MPDCCH starting position

The starting OFDM symbol for MPDCCH given by index |ppcchgar in the first ot in asubframe K andis
determined as follows

| eocchsar IS iven by the higher layer parameter startSymbol BR

- if subframe K isconfigured as an MBSFN subframe and if the BL/CE UE is configured in CEModeA

H ’
IMPDCCHSart =min (2’ l MPDCCHSart )
- dse

’
IMPDCCHSart - IMPDCCHSart :

9.15.2 Antenna ports quasi co-location for MPDCCH

Regardless of transmission modes configuration of PDSCH data transmissions, the BL/CE UE may assume the antenna
ports 0 — 3, 107 — 110 of the serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler
spread, average delay, and delay spread.
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9.2 PDCCH/EPDCCH/MPDCCH validation for semi-persistent
scheduling
A UE shall validate a Semi-Persistent Scheduling assignment PDCCH only if al the following conditions are met:

- the CRC parity bits obtained for the PDCCH payload are scrambled with the Semi-Persistent Scheduling C-
RNTI

- thenew dataindicator field is set to '0'". In case of DCI formats 2, 2A, 2B, 2C and 2D, the new data indicator
field refers to the one for the enabled transport block.

A UE shall validate a Semi-Persistent Scheduling assignment EPDCCH only if al the following conditions are met:

- the CRC parity bits obtained for the EPDCCH payload are scrambled with the Semi-Persistent Scheduling C-
RNTI

- thenew dataindicator field is set to '0'". In case of DCI formats 2, 2A, 2B, 2C and 2D, the new data indicator
field refers to the one for the enabled transport block.

A UE shall validate a Semi-Persistent Scheduling assignment MPDCCH only if al the following conditions are met:

- the CRC parity bits obtained for the MPDCCH payload are scrambled with the Semi-Persistent Scheduling C-
RNTI

- thenew dataindicator field is set to '0'.

Validation is achieved if al the fields for the respective used DCI format are set according to Table 9.2-1 or Table 9.2-
1A, 9.2-1B, 9.2-1C.

If validation is achieved, the UE shall consider the received DCI information accordingly as avalid semi-persistent
activation or release.

If validation is not achieved, the received DCI format shall be considered by the UE as having been received with a
non-matching CRC.

Table 9.2-1: Special fields for Semi-Persistent Scheduling Activation PDCCH/EPDCCH Validation

DCI format
DCI format 0 DCI format 1/1A 2/2A/2B/2C/2D
TPC command for scheduled PUSCH set to '00' N/A N/A
Cyclic shift DM RS set to '000' N/A N/A
Modulation and coding scheme . i~
and redundancy version MSB is setto ‘0 N/A N/A
FDD: set to '000' FDD: set to '000'
HARQ process number N/A TDD: set to '0000" TDD: set to '0000"
Modulation and coding scheme N/A MSB is set to '0' For the enabled transE)olrt block:
MSB is set to '0
. A For the enabled transport block:
Redundancy version N/A set to '00 set to '00'
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Table 9.2-1A: Special fields for Semi-Persistent Scheduling Release PDCCH/EPDCCH Validation

DCI format O DCI format 1A
TPC command for scheduled PUSCH setto'00 N/A
Cyclic shift DM RS setto ‘000 N/A
Modulation and coding scheme . .
and redundancy version setto 11111 NIA
Resource block assignment and o
hopping resource allocation Setto all 'I's N/A

FDD: set to '000'

HARQ process number N/A TDD: set to '0000"
Modulation and coding scheme N/A setto '11111'
Redundancy version N/A set to ‘00’
Resource block assignment N/A Settoall '1's

Table 9.2-1B: Special fields for Semi-Persistent Scheduling Activation MPDCCH Validation

DCI format 6-0A | DCI format 6-1A
, , FDD: set to '000'
HARQ process number set to '000 TDD: set to '0000
Redundancy version set to '00' set to ‘00’
TPC command for scheduled PUSCH set to ‘00" N/A
TPC command for scheduled PUCCH N/A set to '00'

Table 9.2-1C: Special fields for Semi-Persistent Scheduling Release MPDCCH Validation

DCI format 6-0A | DCI format 6-1A
, , FDD: set to '000'

HARQ process number set to '000 TDD: set to ‘0000
Redundancy version set to '00' set to ‘00’
Repetition number set to '00' set to '00'
Modulation and coding scheme setto '1111' setto '1111'
TPC command for scheduled PUSCH set to '00' N/A
Resource block assignment Settoall 'l's Settoall '1's

For the case that the DCI format indicates a semi-persistent downlink scheduling activation, the TPC command for
PUCCH field shall be used as an index to one of the four PUCCH resource values configured by higher layers, with the
mapping defined in Table 9.2-2

Table 9.2-2: PUCCH resource value for downlink semi-persistent scheduling

Value of 'TPC command L p)
for PUCCH' NpGCeH
'00' The first PUCCH resource value configured by the higher layers
'01' The second PUCCH resource value configured by the higher layers|
10 [The third PUCCH resource value configured by the higher layers
'11' The fourth PUCCH resource value configured by the higher layers

9.3 PDCCH/EPDCCH/MPDCCH control information procedure

A UE shall discard the PDCCH/EPDCCH/MPDCCH if consistent control information is not detected.
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10 Physical uplink control channel procedures

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms ‘ secondary cell’, ‘ secondary cells' , ‘serving cell’, ‘serving
cells inthis clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms * secondary cell’, *secondary cells’, ‘serving cell’, ‘ serving
cells inthis clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term ‘primary cell’ in this clause refers to the PSCell of the SCG.

If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both
primary PUCCH group and secondary PUCCH group

- When the procedures are applied for the primary PUCCH group, the terms ‘ secondary cell’, ‘ secondary cells’ ,
‘serving cell’, ‘serving cells in this clause refer to secondary cell, secondary cells, serving cell, serving cells
belonging to the primary PUCCH group respectively.

- When the procedures are applied for secondary PUCCH group, the terms ‘ secondary cell’, ‘secondary cells’,
‘serving cell’, ‘serving cells' inthis clause refer to secondary cell, secondary cells (not including the PUCCH-
SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively. The term ‘primary
cell’ in this clause refers to the PUCCH-SCell of the secondary PUCCH group.

If aUE is configured with aLAA Scell, the UE shall apply the procedures described in this clause assuming frame
structure type 1 for the LAA Scell unless stated otherwise.

10.1  UE procedure for determining physical uplink control
channel assignment

If anon-BL/CE UE is configured for asingle serving cell and is not configured for simultaneous PUSCH and PUCCH
transmissions, then in subframe n uplink control information (UCI) shall be transmitted

- onPUCCH using format 1/1a/1b/3 or 2/2a/2b if the UE is not transmitting PUSCH

- onPUSCH if the UE is transmitting PUSCH in subframe n unless the PUSCH transmission corresponds to a
Random Access Response Grant or a retransmission of the same transport block as part of the contention based
random access procedure, in which case UCI is not transmitted

If the UE is configured for a single serving cell and simultaneous PUSCH and PUCCH transmission, thenin
subframen UCI shall be transmitted

- onPUCCH using format 1/1a/1b/3 if the UCI consists only of HARQ-ACK and/or SR
- on PUCCH using format 2 if the UCI consists only of periodic CSI

- on PUCCH using format 2/2a/2b/3 if the UCI consists of periodic CSl and HARQ-ACK and if the UE is not
transmitting PUSCH

- onPUCCH and PUSCH if the UCI consists of HARQ-ACK/HARQ-ACK+SR/positive SR and
periodic/aperiodic CSl and if the UE is transmitting PUSCH in subframe n, in which case the HARQ-
ACK/HARQ-ACK+SR/positive SR is transmitted on PUCCH using format 1/1a/1b/3 and the periodic/aperiodic
CSl transmitted on PUSCH unless the PUSCH transmission corresponds to a Random Access Response Grant
or aretransmission of the same transport block as part of the contention based random access procedure, in
which case periodic/aperiodic CSl is not transmitted

If the UE is configured with more than one serving cell and is not configured for simultaneous PUSCH and PUCCH
transmission, then in subframe n UCI shall be transmitted

- on PUCCH using format 1/1a/1b/3/4/5 or 2/2a/2b if the UE is not transmitting PUSCH
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on PUSCH of the serving cell given in subclause 7.2.1 if the UCI consists of aperiodic CSl or aperiodic CSI and
HARQ-ACK

on primary cell PUSCH if the UCI consists of periodic CSI and/or HARQ-ACK and if the UE is transmitting on
the primary cell PUSCH in subframe n unlessthe primary cell PUSCH transmission corresponds to a Random
Access Response Grant or a retransmission of the same transport block as part of the contention based random
access procedure, in which case UCI is not transmitted

on PUSCH of the secondary cell with smallest SCelllndex if the UCI consists of periodic CSI and/or HARQ-
ACK and if the UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at |east one
secondary cell

If the UE is configured with more than one serving cell and simultaneous PUSCH and PUCCH transmission, then in
subframe n UCI shall be transmitted

on PUCCH using format 1/1a/1b/3 if the UCI consists only of HARQ-ACK and/or SR
on PUCCH using format 4/5 if the UCI consists only of HARQ-ACK and/or SR and/or periodic CS
on PUCCH using format 2 if the UCI consists only of periodic CSI corresponding to one serving cell

as described in subclause 10.1.1, if the UCI consists of periodic CSl and HARQ-ACK and if the UE is not
transmitting on PUSCH

on PUCCH and primary cell PUSCH if the UCI consists of HARQ-ACK and periodic CSI and the UE is
transmitting PUSCH on the primary cell, in which case the HARQ-ACK is transmitted on PUCCH using format
1a/1b/3 and the periodic CSl is transmitted on PUSCH unless the primary cell PUSCH transmission
corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the
contention based random access procedure, in which case periodic CSl is not transmitted

on PUCCH and PUSCH of the secondary cell with the smallest SCelllndex if the UCI consists of HARQ-ACK
and periodic CSI and if the UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at
least one secondary cell, in which case, the HARQ-ACK istransmitted on PUCCH using format 1a/1b/3 and the
periodic CSl istransmitted on PUSCH

on PUCCH and PUSCH if the UCI consists of HARQ-ACK/HARQ-ACK+SR/positive SR and aperiodic CSI in
which case the HARQ-ACK/HARQ-ACK+SR/positive SR is transmitted on PUCCH using format 1/1a/1b/3
and the aperiodic CSl is transmitted on PUSCH of the serving cell givenin subclause 7.2.1

For aBL/CE UE, uplink control information (UCI) shall be transmitted in subframe n

on PUCCH using PUCCH formats 1, 1a, 2, 2afor FDD and a UE configured with CEModeA if the UE is not
transmitting PUSCH in subframe n, or if the UE is transmitting PUSCH in subframe n and the number of
PUCCH repetitions defined for the UCI in [3] islarger than 1, or if the UE is transmitting PUSCH in subframe
n and the indicated PUSCH repetition number in DCI format 6-0A/6-0B islarger than 1

on PUCCH using PUCCH formats 1, 1a, 1b, 2, 2a, 2b for TDD and a UE configured with CEModeA if the UE
is not transmitting PUSCH in subframen, or if the UE is transmitting PUSCH in subframe n and the number
of PUCCH repetitions defined for the UCI in [3] islarger than 1, or if the UE istransmitting PUSCH in
subframe n and the indicated PUSCH repetition number in DCI format 6-0A/6-0B islarger than 1

on PUCCH formats 1, 1afor a UE configured with CEM odeB

on PUSCH if the UE is transmitting PUSCH in subframe n and the number of PUCCH repetitions defined for
the UCI in [3] isequal to 1, and the indicated PUSCH repetition number in DCI format 6-0A/6-0B isequal to 1
unless the PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the
same transport block as part of the contention based random access procedure, in which case UCI is not
transmitted

If the UE is configured with more than one serving cell, then reporting prioritization and collision handling of periodic
CSl reports of acertain PUCCH reporting type is given in subclause 7.2.2.

A UE transmits PUCCH only on the primary cell.
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A UE is configured by higher layersto transmit PUCCH on one antenna port (p = pg) or two antenna ports
(pepg, p1]) - PUCCH format 4 and PUCCH format 5 can only be transmitted on one antennaport (p= pg) -

For FDD or FDD-TDD and primary cell frame structure 1, with two configured serving cells and PUCCH format 1b
with channel selection or for FDD with two or more configured serving cells and PUCCH format 3 and without
No%LIs*l X .
PUCCH format 4/5 configured, nyapg = Z Nreceved where N2 isthe number of configured cellsand NJ[****
c=0
isthe number of transport blocks or the SPS release PDCCH/EPDCCH, if any, received in subframe N —4 inserving
cel C.

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-r12 for any serving cell, if aUE is
configured with one serving cell, or the UE is configured with more than one serving cell and the UL/DL configurations
of all serving cells are the same, then

- For TDD with two configured serving cells and PUCCH format 1b with channel selection and a subframe n with
Ncl:?ehsfl i
M = 1, or for TDD UL/DL configuration 0 and PUCCH format 3, njapq = Z Z Njeved | where
c=0 keK
Nf’;e"’ed is the number of transport blocks or the SPS release PDCCH/EPDCCH, if any, received in subframe
Nn—Kk inservingcel C,where ke K, and M is the number of elementsin K.

- For TDD UL/DL configurations 1-6 and PUCCH format 3 and without PUCCH format 4/5 configured, or for
TDD with two configured serving cells and PUCCH format 1b with channel selectionand M = 2,

Nc%hs_l
- oL DL . .
NHARQ = E (Q/E?Aqic—UDA|’C)mod4)~n?CK+ E Np&ceved | where Vg, . isthe Vi, inservingcell C,
c=0 keK

ACK

Upa ¢ isthe Up,, inservingeel C,and ng

is the number of HARQ-ACK hits corresponding to the
configured DL transmission mode on serving cell C. In case spatial HARQ-ACK bundling is applied,

Nt =1 and N isthe number of PDCCH/EPDCCH or PDSCH without a corresponding
PDCCH/EPDCCH received in subframe n— K and serving cell C, where ke K and M is the number of
elementsin K. In case spatiall HARQ-ACK bundling is not applied, Nﬁd"ed is the number of transport blocks
received or the SPS release PDCCH/EPDCCH received in subframe n—K inservingcell C, where ke K

and M is the number of elementsin K. VDDAL,Y . =0if no transport block or SPS release PDCCH/EPDCCH is
detected in subframe(s) N—K inservingcell C, where ke K .

- For TDD with two configured serving cells and PUCCH format 1b with channel selection and M = 3 or 4,

Nuarg = 2 if UE receives PDSCH or PDCCH/EPDCCH indicating downlink SPS release only on one serving

cell within subframes n—K ,where ke K ;otherwise Ny,po = 4.

For TDD if the UE is configured with more than one serving cell and if at least two serving cells have different UL/DL
configurations, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving
cell, or for FDD-TDD and primary cell frame structure 2, then

- For PUCCH format 3 without PUCCH format 4/5 configured, or for two configured serving cells and PUCCH
format 1b with channel selectionand M <2 (defined in subclause 10.1.3.2.1 for TDD and subclause 10.1.3A

NO%ITS_]‘ i
for FDD-TDD), nuapq = Z ((\/,:?ALLC —UDA|,C)mod4)~ nack +ZN|§?°CG‘V3" where Vi, . isthe Vi,
c=0 keK

inservingcell C, Uy, . isthe Up,, inservingeell ¢, and N2 isthe number of HARQ-ACK bits

corresponding to the configured DL transmission mode on serving cell C. In case spatial HARQ-ACK
bundling isapplied, N?™ =1 and N;%*'*" isthe number of PDCCH/EPDCCH or PDSCH without a

corresponding PDCCH/EPDCCH received in subframe n— K and serving cell C, where ke K and
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K =K_ (defined in subclause 7.3.2.2 for TDD and subclause 7.3.4 for FDD-TDD). In case spatiadl HARQ-ACK
bundling is not applied, le’ff“’ed

PDCCH/EPDCCH received in subframe n—Kk inservingcell C,where ke K and K =K_(definedin

is the number of transport blocks received or the SPS release

subclause 7.3.2.2 for TDD and subclause 7.3.4 for FDD-TDD). VDDALL - =0if no transport block or SPS release
PDCCH/EPDCCH is detected in subframe(s) n—K inservingcell C,where ke K and K = K (definedin

subclause 7.3.2.2 for TDD and subclause 7.3.4 for FDD-TDD). For aserving cell €, set Vpy, . =Up,, if the

DL-reference UL/DL configuration (defined in subclause 10.2) for serving cell € isTDD UL/DL
configuration O,

- For two configured serving cells and PUCCH format 1b with channel selection and M = 3 or 4 (defined in
subclause 10.1.3.2.1 for TDD and subclause 10.1.3A for FDD-TDD), Ny, =2 if UE receives PDSCH or

PDCCH/EPDCCH indicating downlink SPS release only on one serving cell within subframes n— Kk ,where

ke K and K =K_(defined in subclause 7.3.2.2 for TDD and subclause 7.3.4 for FDD-TDD); otherwise
n =4.

HARQ

Throughout the following subclauses, subframes are numbered in monotonically increasing order; if the last subframe
of aradio frameisdenoted as k, thefirst subframe of the next radio frame is denoted as k+1.

Throughout the following subclauses for a non-BL/CE UE, if the UE is configured with higher layer parameter
n1IPUCCH-AN-r1lthen N$ccy isgivenby nIPUCCH-AN-ri1, else N& ., isgiven by higher layer parameter
n1PUCCH-AN .

10.1.1 PUCCH format information

Using the PUCCH formats defined in subclause 5.4.1 and 5.4.2 in [3], the following combinations of UCI on PUCCH
are supported:

- Format lafor 1-bit HARQ-ACK or in case of FDD or FDD-TDD primary cell frame structure type 1 for 1-bit
HARQ-ACK with positive SR.

- Format 1b for 2-bit HARQ-ACK or for 2-bit HARQ-ACK with positive SR.

- Format 1b for up to 4-bit HARQ-ACK with channel selection when the UE is configured with more than one
serving cell or, in the case of TDD, when the UE is configured with a single serving cell.

- Format 1 for positive SR.

- Format 2 for aCSl report when not multiplexed with HARQ-ACK.

- Format 2afor a CSl report multiplexed with 1-bit HARQ-ACK for normal cyclic prefix.
- Format 2b for a CSl report multiplexed with 2-bit HARQ-ACK for normal cyclic prefix.
- Format 2 for aCSl report multiplexed with HARQ-ACK for extended cyclic prefix.

- Format 3 for up to 10-bit HARQ-ACK for FDD or FDD-TDD primary cell frame structure type 1 and for up to
20-bit HARQ-ACK for TDD and for up to 21 bit HARQ-ACK for FDD-TDD primary cell frame structure type
2.

- Format 3 for up to 11-bit corresponding to 10-bit HARQ-ACK and 1-hit positive/negative SR for FDD or FDD-
TDD and for up to 21-hit corresponding to 20-bit HARQ-ACK and 1-bit positive/negative SR for TDD and for
up to 22-bit corresponding to 21-bit HARQ-ACK and 1-bit positive/negative SR for FDD-TDD primary cell
frame structure type 2.

- Format 3 for HARQ-ACK, 1-hit positive/negative SR (if any) and CSI report(s).
- Format 4 for more than 22 bits of UCI including HARQ-ACK, SR (if any) and periodic CSI report(s) (if any).
- Format 5 for more than 22 bits of UCI including HARQ-ACK, SR (if any) and periodic CSI report(s) (if any).
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- Format 4 for more than one CSl report and SR (if any).
- Format 5 for more than one CSl report and SR (if any).

For a UE configured with PUCCH format 3, not configured with PUCCH format 4/5, and for HARQ-ACK transmission
on PUSCH or using PUCCH format 3, or for a UE configured with two serving cells and PUCCH format 1b with
channel selection and HARQ-ACK transmission on PUSCH, or for anon BL/CE UE configured with one serving cell
and PUCCH format 1b with channel selection according to Tables 10.1.3-5, 10.1.3-6, 10.1.3-7 and HARQ-ACK
transmission on PUSCH or for a UE configured with PUCCH format 4/5 and HARQ-ACK transmission on PUSCH or
using PUCCH format 3/4/5:

- if the configured downlink transmission mode for a serving cell supports up to 2 transport blocks and only one
transport block is received in a subframe, the UE shall generate a NACK for the other transport block if spatial
HARQ-ACK bundling is not applied.

- if neither PDSCH nor PDCCH/EPDCCH indicating downlink SPS release is detected in a subframe for a serving
cell, the UE shall generate two NACK's when the configured downlink transmission mode supports up to 2
transport blocks and the UE shall generate a single NACK when the configured downlink transmission mode
supports a single transport block.

For a UE configured with PUCCH format 4/5 and with a transmission mode supporting two transport blocksin at least
one serving cell, the HARQ-ACK response for a serving cell configured with a transmission mode supporting one
transport blockis associated with the first codeword. The UE shall generate a NACK for the second codeword if spatial
bundling is not applied, and shall generate the same HARQ-ACK response for the second codeword as that for the first
codeword if spatial bundling is applied.

For a BL/CE UE configured with PUCCH format 1b with channel selection according to Tables 10.1.3-5, 10.1.3-6,
10.1.3-7, if neither PDSCH nor MPDCCH indicating downlink SPS release is detected in a subframe for a serving cell,
the UE shall generate asingle NACK.

The scrambling initialization of PUCCH format 2, 2a, 2b, 3, 4 and 5isby C-RNTI.

For anon-BL/CE UE that is configured with asingle serving cell and is not configured with PUCCH format 3, in case
of collision between a periodic CSI report and an HARQ-ACK in a same subframe without PUSCH, the periodic CSI
report is multiplexed with HARQ-ACK on PUCCH if the parameter simultaneousAckNackAndCQI provided by higher
layersis set TRUE, otherwise the CSl is dropped.

For aBL/CE UE,
- if both pucch-NumRepetitionCE-format1 and pucch-NumRepetitionCE-format2 equal 1, in case of collision
among two or more of a periodic CSl report, an HARQ-ACK and a SR in a same subframe without PUSCH, the
UE behavior follows that of a hon-BL/CE UE.

- if at least one of pucch-NumRepetitionCE-format1 and pucch-NumRepetitionCE-format2 is larger than 1, in
case of callision among two or more of a periodic CSl report, an HARQ-ACK, and a SR in a same subframe
without PUSCH, the highest priority UCI istransmitted, where the priority of HARQ-ACK is higher than SR
and the priority of SR is higher than periodic CSl report.

For TDD and for a UE that is configured with a single serving cell and with PUCCH format 3, in case of collision
between a periodic CSlI report and an HARQ-ACK in a same subframe without PUSCH, if the parameter
simultaneousAckNackAndCQI provided by higher layersis set TRUE or if the parameter simultaneousAckNackAndCQI-
Format3-r11 provided by higher layers is set TRUE, the periodic CSlI report is multiplexed with HARQ-ACK or
dropped as described in subclause 7.3, otherwise the CSl is dropped.

For FDD or for FDD-TDD and primary cell frame structure type 1 and for a UE that is configured with more than one
serving cell and is not configured with PUCCH format 4/5, in case of collision between a periodic CSl report and an
HARQ-ACK in a same subframe without PUSCH,

- if the parameter simultaneousAckNackAndCQI provided by higher layersis set TRUE and if the HARQ-ACK
corresponds to a PDSCH transmission or PDCCH/EPDCCH indicating downlink SPS release only on the
primary cell,

then the periodic CSI report is multiplexed with HARQ-ACK on PUCCH using PUCCH format 2/2a/2b
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elseif the UE is configured with PUCCH format 3 and if the parameter simultaneousAckNackAndCQI-Format3-
r11 provided by higher layersis set TRUE, and if PUCCH resource is determined according to subclause
10.1.2.2.2, and

- if the total number of bits in the subframe corresponding to HARQ-ACKSs, SR (if any), and the CSl is not
larger than 22 or

- if the total number of bitsin the subframe corresponding to spatialy bundled HARQ-ACKs, SR (if any), and
the CSl is not larger than 22

then the periodic CSI report is multiplexed with HARQ-ACK on PUCCH using the determined PUCCH
format 3 resource according to [4]

otherwise,

CSl is dropped.

For FDD or for FDD-TDD and primary cell frame structure type 1, for a UE configured with PUCCH format 4 or
PUCCH format 5, and if the UE has HARQ-ACK/SR and periodic CSI reports to transmit in a subframe,

if aPUCCH format 3 is determined to transmit the HARQ-ACK/SR according to subclause 10.1.2.2.3 or
10.1.2.2.4, the UE shall use the determined PUCCH format 3 for transmission of the HARQ-ACK/SR and
periodic CSI report(s) if the parameter simultaneousAckNackAndCQI-Format3-r11 provided by higher layersis
set TRUE; otherwise, the UE shall drop the periodic CSI report(s) and transmit only HARQ-ACK/SR;

if aPUCCH format 4 is determined to transmit the HARQ-ACK/SR according to subclause 10.1.2.2.3 or a
PUCCH format 5 is determined to transmit the HARQ-ACK/SR according to 10.1.2.2.4, the UE shall used the
determined PUCCH format 4 or PUCCH format 5 for transmission of the HARQ-ACK/SR and periodic CSI
report(s) if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layersis set
TRUE; otherwise, the UE shall drop the periodic CSI report(s) and transmit only HARQ-ACK/SR;

if thereisno PUCCH format 3 or 4 determined to transmit the HARQ-ACK/SR according to subclause
10.1.2.2.3 and there isno PUCCH format 3 or 5 determined to transmit the HARQ-ACK/SR according to
subclause 10.1.2.2.4 and there are more than one periodic CSI report(s) in the subframe,

- if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layersis set TRUE
and if the UE is configured with asingle PUCCH format 4 resource n(_, according to higher layer
parameter format4-Multi CS -resourceConfiguration, the PUCCH format 4 resource n()_, is used for
transmission of the HARQ-ACK/SR and periodic CSl report(s);

- if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layersis set TRUE
and if the UE is configured with a PUCCH format 5 resource n®)_, according to higher layer parameter
format5-MultiCSl -resourceConfiguration, the PUCCH format 5 resource n®__, is used for transmission of
the HARQ-ACK/SR and periodic CSl report(s);

- if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layersis set TRUE
and if the UE is configured with two PUCCH format 4 resources IS and n{) ., ,according to higher
layer parameter format4-MultiCS -resourceConfiguration, if
(07 + O + 0p_cg +Oppe ) < min(MESH M EISH ). NEB . NEUSCHA 5.1, the PUCCH format 4 resource with the smaller
M foecra between néﬁ)cm,l and Ncn » is used for transmission of the HARQ-ACK/SR and periodic CSI
report(s); otherwise, the PUCCH format 4 resource with the larger m paccra between IS and Necr o
is used for transmission of the HARQ-ACK/SR and periodic CSI report(s), where

- O** jisthetota number of HARQ-ACK bitsin the subframe;
- O=® = if there no scheduling request bit in the subframeand O =1 otherwise

- O,y Isthetotal number of CSl report bitsin the subframe;

- O ISthenumber of CRC bits;
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- MPueen =12, isthe number of PRBsfor n® and n® respectively, according to higher layer

RB,i PUCCH,1 PUCCH,2

parameter number OfPRB-format4-r13 according to Table 10.1.1-2;

- Nfueer Z . (N;}Lnb _1)_1 if shortened PUCCH format 4 is used in the subframe and NEucer = o (N;;b _1)
otherwise; and

- I isthecoderate given by higher layer parameter maximumPayl oadCoderate-r13 according to Table
10.1.1-2;

- otherwise, the UE shall drop the periodic CSI report(s) and transmit only HARQ-ACK/SR;

- if thereisno PUCCH format 3 or 4 determined to transmit the HARQ-ACK/SR according to subclause
10.1.2.2.3 and there is no PUCCH format 3 or 5 determined to transmit the HARQ-ACK/SR according to
subclause 10.1.2.2.4 and there are only one periodic CSl report in the subframe,

- if thereis no positive SR and the parameter simultaneousAckNackAndCQI provided by higher layersis set
TRUE and if the HARQ-ACK corresponds to a PDSCH transmission or PDCCH/EPDCCH indicating
downlink SPS release only on the primary cell, then the periodic CSI report is multiplexed with HARQ-ACK
on PUCCH using PUCCH format 2/2a/2b

- €else, the UE shall drop the CSI and transmit the HARQ-ACK according to subclause 10.1.2.2.3 or 10.1.2.2.4
when UE shall transmit HARQ-ACK only or UE shall drop the CSI and transmit the HARQ-ACK and SR
according to the procedure for FDD with PUCCH format 1a/1b when there is positive SR.

- If aUE transmits HARQ-ACK/SR and periodic CSI report(s) using either aPUCCH format 4 n( . or
PUCCH format 5 n)_, in asubframe

- if (0" +OF +0, g +Ogre) < 2- N 1, the UE shall transmit the HARQ-ACK/SR and periodic
CSl bitsusing the PUCCH format 4 n__ .~ or the PUCCH format 5 n(®

PUCCH '

- it (0" +0F +0, g +Ompe)>2- Nee - T, the UE shall select Nt reporied CSI report(s) for
transmission together with HARQ-ACK/SR in ascending order of Prig (Y, S,C,t), where
Priq (y,s,ct), Nge and r are determined according to subclause 7.2.2; the value of N¢g enorted

NCSI,reponed
satisfies [OACK +0%+ > Opcqn +OCRCJ <2-Nge I and

n=1

NCSI,rq)orted"'l
[OACK +OF + ZOFLCS,’n + OCRCJ >2-Nge - r,and Op_g , isthenumber of CSI report bits

n=1

for the nth CSl report in ascending order of Pri g (y, S, C,t).

For TDD or for FDD-TDD and primary cell frame structure type 2 and for a UE that is configured with more than one
serving cell, in case of collision between a periodic CSl report and an HARQ-ACK in a same subframe without
PUSCH, if the parameter simultaneousAckNackAndCQI provided by higher layersis set TRUE or if the parameter
simultaneousAckNackAndCQI-Format3-r11 provided by higher layersis set TRUE or if the parameter
simultaneousAckNackAndCQI -Format4-Format5-r 13 provided by higher layersis set TRUE, the periodic CSI report is
multiplexed with HARQ-ACK or dropped as described in subclause 7.3, otherwise the CSl is dropped.

In case of collision between a periodic CSl report and an HARQ-ACK in a same subframe with PUSCH, the periodic
CSl is multiplexed with the HARQ-ACK in the PUSCH transmission in that subframe if the UE is not configured by
higher layers for simultaneous PUCCH and PUSCH transmissions or if the UE is provided by higher layers a parameter
simultaneousAckNackAndCQI-Format4-Format5-r13 that is set FALSE. If the UE is configured by higher layers for
simultaneous PUCCH and PUSCH transmissions, and if the UE does not determine PUCCH format 4/5 for periodic

CSl and HARQ-ACK transmission or if the UE is provided by higher layers a parameter simultaneousAckNackAndCQI-
Format4-Format5-r13 that is set FALSE, the HARQ-ACK istransmitted in the PUCCH and the periodic CSl is
transmitted in the PUSCH. If the UE is configured by higher layers for simultaneous PUCCH and PUSCH
transmissions and if the UE determines PUCCH format 4/5 for periodic CSl and HARQ-ACK transmission and if the
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UE is provided by higher layers a parameter simultaneousAckNackAndCQI-Format4-Format5-r13 that is set TRUE, the
periodic CSI and HARQ-ACK istransmitted in PUCCH format 4/5.

For aBL/CE UE, in case of collision between a UCI and a PUSCH transmission in a same subframe, if the number of
PUCCH repetitions defined for the UCI in [3] islarger than 1 or if the indicated PUSCH repetition number in DCI
format 6-0A/6-0B islarger than 1, the PUSCH transmission is dropped in that subframe.

For aBL/CE UE in half-duplex FDD operation, in case of collision between a PUCCH format 2 transmission including
half-duplex guard subframe and a PDSCH reception with repetitions, the PUCCH format 2 transmission is dropped.

For aBL/CE UE, in case of collision between at |east one physical resource block to be used for transmission of UCI on
PUCCH (defined in [3]) and physical resource blocks corresponding to configured PRACH resources for BL/CE UES
or non-BL/CE UEs (defined in [3]) in a same subframe, the PUCCH is dropped in that subframe.

If each of the serving cells configured for the UE has frame structure type 1, UE procedures for HARQ-ACK feedback
are given in subclause 10.1.2.

If each of the serving cells configured for the UE has frame structure type 2, UE procedures for HARQ-ACK feedback
are given in subclause 10.1.3.

If the UE is configured for more than one serving cell, and if the frame structure type of any two configured serving
cellsisdifferent, and if the primary cell isframe structure type 1, UE procedure for HARQ-ACK feedback isgivenin
subclause 10.1.2A.

If the UE is configured for more than one serving cell, and if the frame structure type of any two configured serving
cellsisdifferent, and if the primary cell is frame structure type 2, UE procedure for HARQ-ACK feedback is given in
subclause 10.1.3A.

Table 10.1.1-1: code rate I corresponding to higher layer parameter maximumPayloadCoderate-r13

Value of maximumPayloadCoderate-r13 | Code rate I

0.08
0.15
0.25
0.35
0.45
0.60
0.80
Reserved

~NO |0 |WIN|F|O

Table 10.1.1-2: Number of PRBs for PUCCCH format 4 Mm7c* corresponding to higher layer
parameter numberOfPRB-format4-r13

Value of numberOfPRB-format4- M PucCH4
ri3 RB
0 1
1 2
2 3
3 4
4 5
5 6
6 8
7 Reserved

10.1.2 FDD HARQ-ACK feedback procedures

For FDD and for a UE not configured with PUCCH format 4/5 and transmitting HARQ-ACK using PUCCH format 1b
with channel selection or PUCCH format 3, the UE shall determine the number of HARQ-ACK bits, o, based onthe
number of configured serving cells and the downlink transmission modes configured for each serving cell. The UE shall
use two HARQ-ACK hits for a serving cell configured with a downlink transmission mode that support up to two
transport blocks; and one HARQ-ACK bit otherwise.
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A UE that supports aggregating at most 2 serving cells with frame structure type 1 shall use PUCCH format 1b with
channel selection for transmission of HARQ-ACK when configured with more than one serving cell with frame
structure type 1.

A UE that supports aggregating more than 2 serving cells with frame structure type 1 is configured by higher layersto
use either PUCCH format 1b with channel selection or PUCCH format 3/4/5 for transmission of HARQ-ACK when
configured with more than one serving cell with frame structure type 1.

The FDD HARQ-ACK feedback procedure for one configured serving cell is given in subclause 10.1.2.1 and
procedures for more than one configured serving cell are given in subclause 10.1.2.2.

10.1.2.1 FDD HARQ-ACK procedure for one configured serving cell

HARQ-ACK transmission on two antennaports (pe[pg, p;]) issupported for PUCCH format 1a/1b.

For FDD and one configured serving cell, the UE shall use PUCCH resource nl(DlL’Jr)C)CH for transmission of HARQ-ACK
insubframe n for p mapped to antenna port p for PUCCH format 1a/1b [3], where

- for aPDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n—4 , or fora
PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—4 , the UE shall use

n,(,lL’E’éH =Neee + N,(,t)CCH for antennaport p,, where ncce isthe number of the first CCE (i.e. lowest CCE
index used to construct the PDCCH) used for transmission of the corresponding DCI assignment and Ny,
is configured by higher layers. For two antenna port transmission the PUCCH resource for antennaport p, is

; @p) _ (1)
givenby Njcen = Nece +1+ Npgeey -

- for anon-BL/CE UE, and for a PDSCH transmission on the primary cell where there is not a corresponding
PDCCH/EPDCCH detected in subframe n-4, the value of né,h‘é)CH is determined according to higher layer
configuration and Table 9.2-2. For a UE configured for two antenna port transmission, a PUCCH resource value
in Table 9.2-2 maps to two PUCCH resources with the first PUCCH resource né,h‘é"éH for antenna port pg
and the second PUCCH resource né,{;%éH for antenna port p-, otherwise, the PUCCH resource value maps to
asingle PUCCH resource né,h%’éH for antenna port pg .

- for aPDSCH transmission indicated by the detection of a corresponding EPDCCH in subframe n—4 , or for
an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—4 |, the UE shall use

o if EPDCCH-PRB-set qisconfigured for distributed transmission

(Lbo) _ (e1)
Npocen = Necceq + Apro + NPUCCH,q

o if EPDCCH-PRB-set qis configured for localized transmission

5 n

(L) _ ECCE,q ECCE,q ' (el)

NpdceH = \‘WJ Nre +NHA jpo + NPUCCH,q
RB

for antennaport p,, where Ngece, isthe number of the first ECCE (i.e. lowest ECCE index used to
construct the EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set q,
A jro isdetermined from the HARQ-ACK resource offset field in the DCI format of the corresponding

EPDCCH asgivenin Table 10.1.21-1, N, for EPDCCH-PRB-set qis configured by the higher layer

parameter pucch-ResourceStartOffset-r1l, N Eg %9 for EPDCCH-PRB-set (is given in subclause 6.8A.1in

[3], N'isdetermined from the antenna port used for localized EPDCCH transmission which is described in
subclause 6.8A.5in [3]. For two antenna port transmission the PUCCH resource for antenna port p, isgiven
by
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o if EPDCCH-PRB-set qisconfigured for distributed transmission

(Lh) _— (el)
I’]PUCCH - nECCE,q + 1+ AARO + NPUCCH,q
o if EPDCCH-PRB-set qis configured for localized transmission

- n
@p) _ ECCEQq ECCE, ' (e1)
nPU’()ZlCH - \‘WJ “Npeg ‘+1+n +A ppo + NPUCCH,q
RB
- for aBL/CE UE, and for aPDSCH on the primary cell where there is not a corresponding MPDCCH detected
and subframe N—K isthe last subframe in which the PDSCH is transmitted, the value of né,ll’JpC%H is
determined according to higher layer configuration and Table 9.2-2.

- for aPDSCH transmission indicated by the detection of a corresponding MPDCCH, or for an MPDCCH

indicating downlink SPS release (defined in subclause 9.2) where subframe N—K isthe last subframein
which the PDSCH is transmitted, the UE shall use

o if MPDCCH-PRB-set qisconfigured for distributed transmission

(m1)

(Lpo) _
Nedcen = nECCE,q +AARO + NPUCCH,q

o if EPDCCH-PRB-set qis configured for localized transmission

n
(Lp) _| _ECCEgq ECCE.q . (m)
Negcen = {WJ Nee +HNHA o + NPUCCH,q

RB

for antennaport p,, where Ngeoe, isthe number of the first ECCE (i.e. lowest ECCE index used to construct
the MPDCCH) used for transmission of the corresponding DCI assignment in MPDCCH-PRB-set q, A g, is
determined from the HARQ-ACK resource offset field in the DCI format of the corresponding MPDCCH as
givenin Table 10.1.2.1-1, Né,ﬁ‘lc)CH,q for MPDCCH-PRB-set q isconfigured by the higher layer parameter

N1PUCCH-AN-InfoList-r13 for the corresponding CE level, N Eg CE4 for MPDCCH-PRB-set g isgivenin

subclause 6.8A.1in [3] wherethe same N §§°E'q valueis used for each subframe containing a repeat of a

MPDCCH transmission, N' is determined from the antenna port used for localized MPDCCH transmission
which is described in subclause 6.8A.5in [3]. When an MPDCCH-PRB-set P is 2+4, following proceduresis

applied.

o if the detected MPDCCH islocated within 2 PRB s, né,tg():H is obtained by above procedure.

o if the detected MPDCCH islocated within 4 PRB set, n,(le’,pC“():H is the sum between 2N§§CE‘°‘ and the
value obtained by above procedure.

o if the detected MPDCCH is MPDCCH format 5, I‘ISL‘JPCO&H is obtained by the above procedure with

Necceq =0

Table 10.1.2.1-1: Mapping of ACK/NACK Resource offset Field
in DCI format 1A/1B/1D/1/2A/2/2B/2C/2D/6-1A/6-1B to A ., values

ACK/NACK Resource offset field A
in DCI format 1A/1B/1D/1/2A/2/2B/2C/2D ARO
0 0
1 -1
2 -2
3 2
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10.1.2.2

The FDD HARQ-ACK feedback procedures for more than one configured serving cell are either based on a PUCCH
format 1b with channel selection HARQ-ACK procedure as described in subclause 10.1.2.2.1 or aPUCCH format 3
HARQ-ACK procedure as described in subclause 10.1.2.2.2 or aPUCCH format 4 HARQ-ACK procedure as described
in subclause 10.1.2.2.3 or aPUCCH format 5 HARQ-ACK procedure as described in subclause 10.1.2.2.4.

FDD HARQ-ACK procedures for more than one configured serving cell

HARQ-ACK transmission on two antennaports (pe [ pg, py]) issupported for PUCCH format 3.

HARQ-ACK transmission on two antennaports (pe [ pg, p1]) issupported for PUCCH format 1b with channel
selection and FDD with two configured serving cells.

10.1.2.2.1 PUCCH format 1b with channel selection HARQ-ACK procedure

For two configured serving cells and PUCCH format 1b with channel selection, the UE shall transmit p(o)b) on
PUCCH resource nét@CH for p mapped to antenna port p using PUCCH format 1b where

ng{;@gH = né,l&CCH for antennaport p, where ng&CCH is selected from A PUCCH resources,

NYccn, j Where 0< j < A-1 and Ac {234}, according to Table 10.1.2.2.1-3, Table 10.1.2.2.1-4, Table
10.1.2.2.1-5in subframe n. HARQ-ACK(j) denotesthe ACK/NACK/DTX response for atransport block or
SPS release PDCCH/EPDCCH associated with serving cell ¢, where the transport block and serving cell for
HARQ-ACK(j) and A PUCCH resources are given by Table 10.1.2.2.1-1.

- nét%éH for antenna port p, , where nét%éH isselected from A PUCCH resources, né,hﬁc%H‘ ; configured by

higher layerswhere 0< j < A-1 and Ae{2,34} , according to Table 10.1.2.2.1-3, Table 10.1.2.2.1-4, Table

10.1.2.2.1-5 by replacing n&)JCCH with né,hﬁc%H and replacing né,ﬂccH‘i with né,tac%m in subframe n, when

the UE is configured with two antenna port transmission for PUCCH format 1b with channel selection.
A UE configured with a transmission mode that supports up to two transport blocks on serving cell, ¢, shall use the

same HARQ-ACK response for both the transport blocks in response to a PDSCH transmission with a single transport
block or a PDCCH/EPDCCH indicating downlink SPS rel ease associated with the serving cell c.

Table 10.1.2.2.1-1: Mapping of Transport Block and Serving Cell to HARQ-ACK(j)
for PUCCH format 1b HARQ-ACK channel selection

A HARQ-ACK(j)
HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(3)
2 | TB1 Primary cell | TB1 Secondary cell NA NA
TB1 Serving celll | TB2 Serving celll TB1 Serving cell2 NA

4 | TB1 Primary cell

TB2 Primary cell

TB1 Secondary cell

TB2 Secondary cell

The UE shall determinethe A PUCCH resources, nigBCCH,j associated with HARQ-ACK(j) where 0< j< A-1 in
Table 10.1.2.2.1-1, according to

- for aPDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n—4 onthe
primary cell, or for a PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—4 on

the primary cell, the PUCCH resource is né,lL)JCCH, i =Nece t NF(,BCCH , and for transmission mode that supports

up to two transport blocks, the PUCCH resource né,l&CCH‘ j+1 1sgivenby n,(,lL)JCCH, i+1 = Nece +1+ NF(,t)CCH

where N isthe number of the first CCE used for transmission of the corresponding PDCCH and Né,ﬂCCH
is configured by higher layers.
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- for aPDSCH transmission on the primary cell where there is not a corresponding PDCCH/EPDCCH detected in
subframe n-4, the value of né,ﬂCCH‘ j isdetermined according to higher layer configuration and Table 9.2-2.

For transmission mode that supports up to two transport blocks, the PUCCH resource né,l&CCH‘ j+1 Isgivenby
@ —n®
nPUCCH,j+l - nPUCCH,j +1

- for aPDSCH transmission indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n-4
on the secondary cell, the value of néBCCH’ ; » and the value of néﬂcw’ j+1 for the transmission mode that

supports up to two transport blocks is determined according to higher layer configuration and Table
10.1.2.2.1-2. The TPC field in the DCI format of the corresponding PDCCH/EPDCCH shall be used to
determine the PUCCH resource values from one of the four resource values configured by higher layers, with
the mapping defined in Table 10.1.2.2.1-2. For a UE configured for a transmission mode that supports up to two
transport blocks a PUCCH resource valuein Table 10.1.2.2.1-2 maps to two PUCCH resources

(nél&ccﬂ it nl(:BCCH,m) , otherwise, the PUCCH resource value maps to a single PUCCH resource néBCCH’ i

- for aPDSCH transmission indicated by the detection of a corresponding EPDCCH in subframe n—4 on the
primary cell, or for an EPDCCH indicating downlink SPS rel ease (defined in subclause 9.2) in subframe n—4
on the primary cell, the PUCCH resourceis given by

- if EPDCCH-PRB-set qis configured for distributed transmission

(1) — (e2)
Negcer,j = Necceg T Apo + NPUCCH,q

- if EPDCCH-PRB-set qis configured for localized transmission

n

o) _ ECCE(q ECCE,q ' (e1)

nPUCCH,j = \‘ N ECCEq J ‘N RB +N'+A aro T N PUCCH,q
RB

where Ngoce isthe number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EPDCCH-PRB-set q, A ,z, isdetermined from the
HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as givenin Table 10.1.2.1-
1, Né,il)CCH‘q for EPDCCH-PRB-set qis configured by the higher layer parameter pucch-ResourceStartOffset-

r11, Ngs59for EPDCCH-PRB-set qisgivenin subclause 6.8A.1in[3], N'isdetermined from the antenna
port used for localized EPDCCH transmission which is described in subclause 6.8A.5in [3].

For transmission mode that supports up to two transport blocks, the PUCCH resource né,l&CCH‘ j+1 Isgivenby

- if EPDCCH-PRB-set qis configured for distributed transmission

(1) — (e1)
Neocen,jo1 = Necceg +1+ Ao + NPUCCH,q

- if EPDCCH-PRB-set qis configured for localized transmission

n
o) _ ECCE,q ECCE,q ' (e1)
nPUCCH,j+1 - \‘ N ECCEq J N RB +1+n +AARO + NPUCCH,q
RB
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Table 10.1.2.2.1-2: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

Value of 'TPC command () @ @
for PUCCH! Megcen,j OF (nPUCCH,j ) nPUCCH,j+1)
'00' The 1st PUCCH resource value configured by the higher layers|
‘01 The 2"° PUCCH resource value configured by the higher layers
'10' The 3" PUCCH resource value configured by the higher layers
'11' The 4" PUCCH resource value configured by the higher layers
NOTE: (n,iﬂCCH’j : néﬂCCHﬁl) are determined from the first and second PUCCH
resource lists configured by n1PUCCH-AN-CS-List-r10 in [11], respectively.

Table 10.1.2.2.1-3: Transmission of Format 1b HARQ-ACK channel selection for A=2

HARQ-ACK(0) | HARQ-ACK (1) néﬂCCH b(0)b(1)
ACK ACK nQocnr | 11
ACK NACKDTX | nQccuo | 12

NACK/DTX ACK nPecur | 00
NACK NACKDTX | ncco | 00
DTX NACK/DTX No Transmission

Table 10.1.2.2.1-4: Transmission of Format 1b HARQ-ACK channel selection for A=3

HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) | N%)eqy | P(OBQ)
ACK ACK ACK nPoons | L1
ACK NACK/DTX ACK nPocns | 10

NACK/DTX ACK ACK nPocns | 01
NACK/DTX | NACK/DTX ACK nQocnz | 11
ACK ACK NACKDTX | nQecno | 11
ACK NACKDTX | NACKDTX | nYecno | 10
NACK/DTX ACK NACKDTX | nYccno | 01
NACK/DTX | NACK/DTX NACK nPecuz | 00
NACK NACK/DTX DTX nPecro | 00
NACK/DTX NACK DTX nPecro | 00
DTX DTX DTX No Transmission
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Table 10.1.2.2.1-5: Transmission of Format 1b HARQ-ACK channel selection for A=4

HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) | HARQ-ACK(3) néﬂCCH b(0)b(2)
ACK ACK ACK ACK nPocnr | 12
ACK NACK/DTX ACK ACK nS&CCH,Z 0,1

NACK/DTX ACK ACK ACK n&)JCCH’l 0,1
NACK/DTX NACK/DTX ACK ACK né,ll)JCCH’3 1,1
ACK ACK ACK NACK/DTX n&)JCCH’l 1,0
ACK NACK/DTX ACK NACK/DTX nS&CCH,Z 0,0
NACK/DTX ACK ACK NACK/DTX nS&CCH,l 0,0
NACK/DTX NACK/DTX ACK NACK/DTX nS&CCH,g 1,0
ACK ACK NACK/DTX ACK nQ&CCH,Z 1,1
ACK NACK/DTX NACK/DTX ACK nQ&CCH,Z 1,0
NACK/DTX ACK NACK/DTX ACK nS&CCH,g 0,1
NACK/DTX NACK/DTX NACK/DTX ACK nS&CCH,g 0,0
ACK ACK NACK/DTX NACK/DTX nS&CCH,o 1,1
ACK NACK/DTX NACK/DTX NACK/DTX nS&CCH,O 1,0
NACK/DTX ACK NACK/DTX NACK/DTX nS&CCH,o 0,1
NACK/DTX NACK NACK/DTX NACK/DTX nS&CCH,o 0,0
NACK NACK/DTX NACK/DTX NACK/DTX nS&CCH,o 0,0
DTX DTX NACK/DTX NACK/DTX No Transmission

10.1.2.2.2 PUCCH format 3 HARQ-ACK procedure

For PUCCH format 3, the UE shall use PUCCH resource n,i?jE)CH or néll;@CH for transmission of HARQ-ACK in
subframe n for p mapped to antenna port p where
- for aPDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n-4, or for aPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-4
on the primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource n&)@w with

nfjllf;’éH =Ngee + NéBCCH for antennaport p,, where nece isthe number of the first CCE (i.e. lowest CCE

index used to construct the PDCCH) used for transmission of the corresponding PDCCH and N, is
configured by higher layers. When two antenna port transmission is configured for PUCCH format 1a/1b, the
PUCCH resource for antennaport p, isgivenby NS, =nNeee +1+ NSeq, -

- for aPDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected in subframe n-4, the UE shall use PUCCH format 1a/1b and PUCCH resource n(PlL’J@CH where the

value of né,tﬁc)CH is determined according to higher layer configuration and Table 9.2-2. For a UE configured
for two antenna port transmission for PUCCH format 1a/1b, a PUCCH resource value in Table 9.2-2 maps to
two PUCCH resources with the first PUCCH resource n(PlL’J%OéH for antennaport p, and the second PUCCH
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