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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 the second digit isincremented for all 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 procedures in 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
aGSM document), a non-specific reference implicitly refersto the latest version of that document in the same
Release as the present document.

[1] 3GPP TR 21.905: 'V ocabulary 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
modul ation'

[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’

3 Definitions, symbols, and abbreviations

3.1 Symbols

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

NRs Downlink bandwidth configuration, expressed in units of NZ? as defined in [3]

Nas Uplink bandwidth configuration, expressed in units of N2 as defined in [3]

Ngymb Number of SC-FDMA symbolsin an uplink slot as defined in [3]

NsFéB Resource block size in the frequency domain, expressed as a number of subcarriers as defined in
(3]

T, Basic time unit as defined in [3]

ETSI
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3.2

For the purposes of the present document, the following abbreviations apply.

Abbreviations

ETSI TS 136 213 Vv8.3.0 (2008-11)

ACK Acknowledgement
BCH Broadcast Channel
CCE Control Channel Element
CQl Channel Quality Indicator
CRC Cyclic Redundancy Check
DAI Downlink Assignment | ndex
DL Downlink
DTX Discontinuous Transmission
EPRE Energy Per Resource Element
MCS Modulation and Coding Scheme
NACK Negative Acknowledgement
PBCH Physical Broadcast Channel
PCFICH Physical Control Format Indicator Channel
PDCCH Physical Downlink Control Channel
PDSCH Physical Downlink Shared Channel
PHICH Physical Hybrid ARQ Indicator Channel
PRACH Physical Random Access Channel
PRB Physical Resource Block
PUCCH Physical Uplink Control Channel
PUSCH Physical Uplink Shared Channel
QoS Quality of Service
RBG Resource Block Group
RE Resource Element
RPF Repetition Factor
RS Reference Signal
SIR Signal-to-I nterference Ratio
SINR Signal to Interference plus Noise Ratio
SRS Sounding Reference Symbol
TA Time alignment
TTI Transmission Time Interval
UE User Equipment
UL Uplink
UL-SCH Uplink Shared Channel
VRB Virtual Resource Block
4 Synchronisation procedures
4.1 Cell search

Cell search isthe procedure by which a UE acquires time and frequency synchronization with a cell and detects the
physical layer Cell 1D 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.

ETSI
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4.2 Timing synchronisation

4.2.1 Radio link monitoring

The downlink radio link quality of the serving cell shall be monitored by the UE for the purpose of indicating radio
problem detection status to higher layers. The radio problem detection may be based on cell-specific reference signals.

In non-DRX mode operations, the physical layer in the UE shall every radio frame check the quality, measured over the
previous [200ms] period, against thresholds (Qout and Qin) defined implicitly by relevant testsin [6].

The UE shall indicate radio problem detection to higher layers when the quality is worse than the threshold Qout and
continue until the quality is better than the threshold Qin.

The start and stop of the radio problem detection monitoring are triggered by higher layers.

4.2.3 Inter-cell synchronisation

[For example, for cell sites with a multicast physical channel]

4.2.4  Transmission timing adjustments

Upon reception of a timing advance command, the UE shall adjust its uplink transmission timing. The timing advance
command is expressed in multiples of 16 T, and is relative to the current uplink timing.

For atiming advance command received on subframe n, the corresponding adjustment of the timing shall apply from
the beginning of subframe n+6.

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
DFT-SOFDM 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.

A cell wide overload indicator (Ol) is exchanged over X2 for inter-cell power control. Anindication X also exchanged
over X2 indicates PRBs that an eNodeB scheduler allocates to cell edge UEs and that will be most sensitive to inter-cell
interference.

[Note: Above lines regarding Ol, X and X2 to be moved to an appropriate RAN3 spec when it becomes available]
51.1 Physical uplink shared channel

51.1.1 UE behaviour

The setting of the UE Transmit power Py gy for the physical uplink shared channel (PUSCH) transmission in
subframei is defined by

Prusch (i) = min{Ryax,1010g10(Mpysch (1)) + Fo_pusch (i) + & PL+A1e (i) + f (i)} [dBm]

where,
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Puax 1S the maximum allowed power that depends on the UE power class
M pysch (1) isthe size of the PUSCH resource assignment expressed in number of resource blocks valid for

subframei.

Po_pusch (1) is aparameter composed of the sum of a 8-bit cell specific nominal component
Po_nominaL_pusch (1) signalled from higher layers for j=0 and 1 in the range of [-126,24] dBm with 1dB
resolution and a 4-bit UE specific component P, e pysch (j) configured by RRC for j=0 and 1 in the range

of [-8, 7] dB with 1dB resolution. For PUSCH (re)transmissions corresponding to a configured scheduling
grant then j=0 and for PUSCH (re)transmissions corresponding to a received PDCCH with DCI format O
associated with a new packet transmission then j=1.

ac{0,0.4,05,0.6,0.7,0.8,0.9,1} isa3-bit cell specific parameter provided by higher layers
PL is the downlink pathloss estimate calculated in the UE
Ate(i) :1OIoglo(2'\"PR(i)'KS -Dfor Kg=1.25and 0 for Kg =0where Kg isacell specific parameter given
by RRC
o MPR(i) =TBS(i)/ Nre (i) whereTBS(i) isthe Transport Block Size for subframei and Ngg (i) is

the number of resource elements determined as N g (i) = 2M pygcn (i) NSFéB -N ganb for subframei

Opysch 1S @ UE specific correction value, also referred to as a TPC command and isincluded in PDCCH with

DCI format O or jointly coded with other TPC commandsin PDCCH with DCI format 3/3A. The current
PUSCH power control adjustment stateis given by f (i) which is defined by:

o f()=f({-D+pyscy (i —Kpygen ) if f(*) represents accumulation
= where f(0)=0
» Thevaueof Kpygy IS

e For FDD, Kpygy =4

e For TDD UL/DL configurations 1-6, Kp sy isgivenin Table5.1-1

e For TDD UL/DL configuration O

o If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH
of DCI format O in which the second bit of the UL index is set, Kpygey =
7

*  For al other PUSCH transmissions, Kpusci isgivenin Table 5.1-1.The UE attemptsto
decode aPDCCH of DCI format 0 and aPDCCH of DCI format 3/3A in every subframe
except when in DRX

" Opyscy = 0dB for asubframe where no TPC command is decoded or where DRX occurs or
i isnot an uplink subframein TDD.

*  Thedpyscy dB accumulated values signalled on PDCCH with DCI format O are[-1, O, 1, 3].

*  The dpygcy dB accumulated values signalled on PDCCH with DCI format 3/3A are one of
[-1, 1] or [-1, O, 1, 3] as semi-statically configured by higher layers.
= |f UE has reached maximum power, positive TPC commands shall not be accumul ated
= |f UE has reached minimum power, negative TPC commands shall not be accumulated
= UE shall reset accumulation
e at cell-change

e when entering/leaving RRC active state
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e when an absolute TPC command is received
e when Po_UE puscH (j)isreceived
e when the UE (re)synchronizes
o f(i)=0pysen (i —Kpusen ) if f(*) represents current absol ute value
»  where dpygey (i — Kpysen ) Was signalled on PDCCH with DCI format O on subframe
i — Kpuscn
= Thevaueof Kpygy =4is

e For FDD, Kpyey = 4

e For TDD UL/DL configurations 1-6, Koy isgivenin Table5.1-1

e For TDD UL/DL configuration O

o If the PUSCH transmission in subframe 2 or 7 is scheduled with a
PDCCHof DCI format 0 in which the second bit of the UL index is set,

Kpuscr = 7
o For al other PUSCH transmissions, Kpygy isgivenin Table5.1-1.
*  The dpygen dB absolute values signalled on PDCCH with DCI format 0 are [-4,-1, 1, 4].

= f(i) = f(i—21) for asubframe where no PDCCH with DCI format 0 is decoded or where
DRX occursor i isnot an uplink subframein TDD.

o f(¥) type (accumulation or current absolute) is a UE specific parameter that is given by RRC.

Table 5.1-1 Keuson for TDD configuration 0-6

TDD UL/DL subframe number i
Configuration

0|1(2|3|4|5|6|7|8|9
0 -l-Tel7lal-1-16]7]4
1 - -lelal-]-]-]6]4]-
2 -1-Tal-1-1-1-141-71-
3 - - 141414 )-]-1-|-]-
4 - Tatlal-1-17-1T-1-71-
5 -1-Tal-1-1-1-1-1-1-
6 -1-1707s5-1-17]7]-

51.1.2 Power headroom

The UE power headroom PH  valid for subframei is defined by
PH (i) = Pyax — 1101006 (M s (1)) + Py puscrs (1) + @+ PL+ A (TF (1)) + £ (i) j{dB]

where, Byax » Mpysc (i), Po puscr (1), @, PL, A (TF(i)) and f (i) aredefined in section 5.1.1.1.

ETSI



3GPP TS 36.213 version 8.3.0 Release 8 11 ETSI TS 136 213 V8.3.0 (2008-11)

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.

51.2 Physical uplink control channel

51.2.1 UE behaviour

The setting of the UE Transmit power Py for the physical uplink control channel (PUCCH) transmission in
subframei is defined by

Poucen () =mMin{ Ryax, Fo puccr + PL+Ag pyceH (F) +9(i)} [dBm]
where
*  Ag pyccr (F) table entries for each PUCCH transport format (TF ) defined in Table 5.4-1in [3] are given by

RRC
o Eachsignalled Ag pyccy (F) 2-bit value corresponds to a PUCCH (TF) relative to PUCCH format 0.

* Py puccn isaparameter composed of the sum of a 5-bit cell specific parameter Py nominal_puccn Provided
by higher layers with 1 dB resolution in the range of [-127, -96] dBm and a UE specific component
Po ue pucen configured by RRC in the range of [-8, 7] dB with 1 dB resolution.

e  Jpyccn isaUE specific correction value, aso referred to as a TPC command, included in a PDCCH with DCI

format 1A/1/2 or sent jointly coded with other UE specific PUCCH correction values on a PDCCH with DCI
format 3/3A.

o The UE attempts to decode a PDCCH with DCI format 3/3A and one or several PDCCHs with DCI
format 1A/1/2 on every subframe except when in DRX.

o If the UE decodes a PDCCH with DCI format 1A/1/2 and the corresponding detected RNTI equalsthe
C-RNTI of the UE, the UE shall usethe dpccy provided in that PDCCH.

else

= if the UE decodes a PDCCH with DCI format 3/3A, the UE shall use the dpccy provided
in that PDCCH

else the UE shall set Spycey = 0 dB.

o g()=9(-D)+Apycch (i —Kpyccn ) Where g(i) isthe current PUCCH power control adjustment
state with initial condition g(0)=0.

*  The dpyccy OB vauessignalled on PDCCH with DCI format 1A/1/2 are[-1, 0, 1, 3].

= The §PUCCH dB values signalled on PDCCH with DCI format 3/3A are[-1,1] or [-1,0,1,3]
as semi-statically configured by higher layers.

= |f UE hasreached maximum power, positive TPC commands shall not be accumulated

= |f UE hasreached minimum power, negative TPC commands shall not be accumulated
= UE shall reset accumulation

e at cell-change
e when entering/leaving RRC active state

e when Py g pyccn (J) isreceived

e when the UE (re)synchronizes
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5.1.3 Sounding Reference Symbol

5.13.1 UE behaviour

The setting of the UE Transmit power Pgzsfor the Sounding Reference Symbol transmitted on subframei is defined by
Psrs(i) = min{ Pyax , Psrs orrser +1010930(Msrs) + Po pusch (1) + - PL+ f (i)} [dBm]

where

o For Kg =125, Pgs orrser is@4-bit UE specific parameter semi-statically configured by higher layers with
1dB step size in therange [-3, 12] dB.

e For Ks=0,Pgs orrser 1sa4-bit UE specific parameter semi-statically configured by higher layers with 1.5
dB step sizein therange [-10.5,12] dB

¢ Mgy isthe bandwidth of the SRS transmission in subframe i expressed in number of resource blocks.

f (i) isthecurrent power control adjustment state for the PUSCH, see Section 5.1.1.1.

Po_pusch (1) isaparameter as defined in Section 5.1.1.1.

5.2 Downlink power allocation

The eNodeB determines the downlink transmit energy per resource element.

A UE may assume downlink reference symbol EPRE is constant across the downlink system bandwidth and constant
across all subframes until different RS power information is received.

For each UE, the PDSCH-to-RS EPRE ratio among PDSCH REsin all the OFDM symbols not containing RS is equal
and isdenoted by p, .

The UE may assume that for 16 QAM or 64 QAM or RI>1 spatial multiplexing p, isequa to P, whichisaUE
specific semi-static parameter signalled in dB by higher layersin therange of [3, 2, 1, O, -1, -2, -3, -6] using 3-bits.

For each UE, the PDSCH-to-RS EPRE ratio among PDSCH REsin all the OFDM symbols containing RS is equal and
is denoted by pg .

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

Table 5.2-1: Ratio of PDSCH-to-RS EPRE in symbols with and without reference symbols for 1, 2, or 4
cell specific antenna ports

Pl pa
PB
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 or 64QAM, the UE may assume that the PM CH-to-RS EPRE ratio is equal to 0 dB.
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521 eNodeB Relative Narrowband TX Power restrictions

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

. Ex(Nogs)
0 if — < RNTRy e

E(P)
RNTP(N.qs) = e c
. . . Ners )
1 if nopromiseabout theupper limit of %lsmade

where E,(Nprg) 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 Npg = 0,..., Ny —1; RNTP,, g takes on one of the following

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

p(p),i
T Af

where P{?) isthe base station maximum output power described in[7], and Af , N and N&P are defined in [3].

6 Random access procedure

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

1. Random access channel parameters (PRACH configuration, frequency position and preamble format)

2. Parameters for determining the root sequences and their cyclic shiftsin the preamble sequence set for the cell
(index to root sequence table, cyclic shift ( N.g), 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 preamble transmission.

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

2. A preamble index, preamble transmission power (PREAMBLE_TRANSMISSION_POWER), associated RA-
RNTI, random access window ([RA_WINDOW_BEGIN—RA_WINDOW _END]) and PRACH resource are
indicated by higher layers as part of the request.

3. A preamble sequence is then selected from the preamble sequence set using the preamble index.

4. A single preamble transmission then occurs using the selected preamble sequence with transmission power
PREAMBLE_TRANSMISSION_POWER on the indicated PRACH resource.
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5. If anassociated PDCCH with RA-RNTI is detected within the random access response window then the
corresponding DL-SCH transport block is passed to higher layers.

6. If the random access response window has past then the physical random access procedure is exited.

6.1.1 Timing

6.1.1.1 Synchronized

6.1.1.2 Unsynchronized

7 Physical downlink shared channel related procedures

7.1 UE procedure for receiving the physical downlink shared
channel

A UE shall receive PDSCH broadcast control transmissions, [namely Paging, RACH Response, and BCCH] associated
with DCI formats 1A or 1C signalled by a PDCCH in the common search spaces. Additionally, the UE is semi-
statically configured via higher layer signalling to receive PDSCH data transmissions signalled via PDCCH UE specific
search spaces, based on one of the following transmission modes:

Single-antenna port; port 0
Transmit diversity

Open-loop spatial multiplexing
Closed-loop spatial multiplexing
Multi-user MIMO

Closed-loop Rank=1 precoding
Single-antenna port; port 5

Nook,rwdpE

A UE not configured to receive PDSCH data transmissions based on one of the transmission modes may receive
PDSCH data transmissions with DCI format 1A signalled by a PDCCH in its UE specific search spaces or the common
search spaces.

A UE semi-statically configured with a transmission mode shall receive PDSCH data transmissions associated with a
reference DCI format signalled by a PDCCH in its UE specific search spaces based on Table 7.1-1. In the case of
transmission modes 1, 2, and 7 aUE shall receive PDSCH data transmissions associated with reference DCI
formats 1 or 1A in its UE specific search spaces or DCI format 1A in the common search spaces. A UE with reference
DCI format 1B or 2 may aso receive PDSCH data transmissions associated with DCI format 1A signalled by a PDCCH
in its UE specific search spaces or the common search spaces. A UE shall be configured to use the PUCCH or PUSCH
feedback mode corresponding to its reference DCI format.

Table 7.1-1: Reference DCI Format(s) supported by each Transmission Mode

Transmission Mode | Reference DCI Format

1, 1A
1, 1A

TBD
1B
1, 1A

N[OOI |WIN |-
N
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7.1.1 Single-antenna port

For the single-antenna port mode, the UE may assume that an eNB transmission on the PDSCH would be performed
according to Section 6.3.4.1 of [3]

7.1.2 Transmit diversity

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

7.1.3 Open-loop spatial multiplexing

For the open-loop spatial multiplexing transmission mode, the UE may assume, based on the rank indication (RI)
obtained from an associated DCI as determined from the number of assigned transmission layers, that an eNB
transmission on the physical PDSCH would be performed according to the following:

= RI=1 : transmit diversity as defined in Section 6.3.4.3 of [3]
* RI>1 : large delay CDD as defined in Section 6.3.4.2.2 of [3]

For RI>1, the operation of large delay CDD is further defined as follows:

= For 2 antenna ports, the precoder for data resource element index i, denoted by W(i) is selected according to
W (i) = C, where C, denotes the precoding matrix corresponding to precoder index 0 in Table 6.3.4.2.3-1 of
[3].

= For 4 antenna ports, the UE may assume that the eNB cyclically assigns different precoders to different data
resource elements on the physical downlink shared channel asfollows. A different precoder is used every
v dataresource elements, where v denotes the number of transmission layersin the case of spatial
multiplexing. In particular, the precoder for data resource element index i, denoted by W(i) in Section 6.3.4.2.2
of [3] isselected accordingto W (i) = C, , where k is the precoder index given by

k = mod Uﬂ—‘ - 1,4} +1= mod &I—J - 1,4] +1,wherek=1,2,...4,and C,,C,,C5,C,denote
v (%

precoder matrices corresponding to precoder indices 12,13,14 and 15, respectively, in Table 6.3.4.2.3-2 of [3].

7.1.4  Closed-loop spatial multiplexing

For the closed-loop spatial multiplexing transmission mode, 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 Section 6.3.4.2.1
of [3].

7.1.5 Void

7.1.6 Resource allocation

The UE shall interpret the resource allocation field depending on the PDCCH DCI format detected. A resource
alocation field in each PDCCH includes two parts, atype field and information consisting of the actual resource
allocation. PDCCH with type 0 and type 1 resource allocation have the same format and are distinguished from each
other viathe single bit type field. For system bandwidth less than or equal to 10 PRBs the resource alocation field in
each PDCCH contains only information of the actual resource allocation. PDCCH with DCI format 0 or 1A have atype
2 resource alocations while PDCCH with DCI format 1 or 2 have type 0 or type 1 resource alocations. PDCCH with a
type 2 resource allocation do not have a type field.
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7.16.1 Resource allocation type O

In resource alocations of type 0, a bitmap indicates the resource block groups (RBGs) that are allocated to the
scheduled UE where a RBG is a set of consecutive physical resource blocks (PRBs). Resource block group size (P) isa

function of the system bandwidth as shownin Table 7.1.6.1-1. Thetotal number of RBGs ( Ng ) for downlink
system bandwidth of NRs PRBsisgiven by Nggg = ’_N rs ! P-‘ where LN R ! PJ of the RBGs are of size P and if

(NF?BE / P-‘— \_NF?E% / PJ > 0 then one of the RBGsis of sizeNB5 — P-[NBL /P . The bitmapisof size Nggg bitswith
one bitmap bit per RBG such that each RBG is addressable.

Table 7.1.6.1-1: Type 0 Resource Allocation RBG Size vs. Downlink System Bandwidth

System Bandwidth | RBG Size
NRs (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, abitmap of size ’_N SE'; / P-‘ indicates to a scheduled UE the PRBs from the set of

PRBs from one of P resource block group subsets. Also P is the resource block group size associated with the system
bandwidth as shown in Table 7.1.6.1-1. The portion of the bitmap used to address PRBs in a selected RBG subset has

size Ngs™F and is defined as
N = NS 1P| ~Tiog(P)] 1

where ’_N g,'g / P-‘ isthe overall bitmap size and |_I ogz(P)-| is the minimum number of hits needed to select one of the

P RBG subsets and one additional bit is used to indicate whether the addressable PRBs of a selected RBG subset is left
justified or isright justified (right shifted) where the shift is needed for full resource block granular addressability of al
PRBsin acarrier since the number of PRBsin a RBG subset is larger than the PRB addressing portion of the bitmap as
indicated by Ngg = < (N Re ! P-‘ . Each bit in the PRB addressing portion of the bitmap addresses asingle

addressable PRB in the selected RBG subset starting at the left most addressable PRB.

7.1.6.3 Resource allocation type 2

In resource alocations of type 2, the resource allocation information indicates to a scheduled UE a set of contiguously
allocated localized virtual resource blocks or distributed virtual resource blocks depending on the setting of a 1-bit flag
carried on the associated PDCCH. Localized VRB alocations for a UE vary from asingle VRB up to a maximum
number of VRBs spanning the system bandwidth. Distributed VRB allocations for a UE vary from asingle VRB up to
NO-. VRBs if N2t is6-49 and vary fromasingle VRB upto 16 if N2 is50-110, where N%. isdefined in [3].

A type 2 resource allocation field consists of aresource indication value (RIV) corresponding to a starting resource
block ( RBy, ) and alength in terms of contiguously allocated resource blocks ( Leggs ). Theresource indication value

is defined by
if (Loges —1) sLNF?BL/zj then

RIV = NI%_ (Leres —1) + RBgart
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else

RIV = Ngg (NRg — Lerss +1)+ (Nrg —1- RBya)

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

- read the 5-bit ‘modulation and coding scheme' field (1,,.5) inthe DCI, and
— compute the total number of allocated PRBs ( N o, ) based on the procedure defined in Section 7.1.6.
The UE may skip decoding atransport block in aninitial transmission if the effective channel code rate is higher than

0.92, 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.

7171 Modulation order determination

The UE shall usel s and Table 7.1.7.1-1 to determine the modulation order (Q,,) used in the physical downlink
shared channel.

Table 7.1.7.1-1: Modulation and TBS index table for PDSCH

MCSIndex | Modulation Order | TBSIndex
I MCS Qm I TBS
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 4 9
11 4 10
12 4 11
13 4 12
14 4 13
15 4 14
16 4 15
17 6 15
18 6 16
19 6 17
20 6 18
21 6 19
22 6 20
23 6 21
24 6 22
25 6 23
26 6 24
27 6 25
28 6 26

29 2
30 4 reserved
31 6
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7.1.7.2 Transport block size determination

ForO<1,,.s <28, the UE shdll first determine the TBSindex (1,55) using |, @nd Table 7.1.7.1-1. For atransport
block that is not mapped to two-layer spatial multiplexing, the TBSis determined by the procedure in Section 7.1.7.2.1.

For atransport block that is mapped to two-layer spatial multiplexing, the TBSis determined by the procedurein
Section 7.1.7.2.2.

For29< |, <31, the TBSis assumed to be as determined from DCI transported in the latest PDCCH for the same
transport block using 0< 1,5 < 28.

7.1.7.21 Transport blocks not mapped to two-layer spatial multiplexing

For1< Nq; <110, the TBSisgiven by the (155, Npgg ) entry of Table 7.1.7.2.1-1.

Table 7.1.7.2.1-1: Transport block size table (dimension 27x110)

-
™
n

16 32 56 88 120 152 176 200 232 248
24 48 88 120 160 200 232 272 304 344
32 72 120 160 200 248 296 336 376 424
40 104 152 208 272 320 392 440 504 568
48 120 200 264 320 408 488 552 632 696
72 152 232 320 424 504 600 680 776 872
320 176 288 392 504 600 712 808 936 | 1032
104 232 320 472 584 712 840 968 | 1096 | 1224
120 248 392 536 680 808 968 | 1096 | 1256 | 1384
136 296 456 616 776 936 | 1096 | 1256 | 1416 | 1544
10 152 320 504 680 872 | 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
13 232 488 744 | 1000 | 1256 | 1544 | 1800 | 2024 | 2280 | 2536
14 264 552 840 | 1128 | 1416 | 1736 | 1992 | 2280 | 2600 | 2856
15 280 600 904 | 1224 | 1544 | 1800 | 2152 | 2472 | 2728 | 3112
16 320 632 968 | 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
26 648 | 1320 | 1992 | 2664 | 3368 | 4008 | 4584 | 5352 | 5992 | 6712

O O|IN|O|OA[WIN|FP|O

11 12 13 14 15 16 17 18 19 20
0 288 304 344 376 392 424 456 488 504 536
1 376 424 456 488 520 568 600 632 680 712
2 472 520 568 616 648 696 744 776 840 872
3 616 680 744 808 872 904 968 1032 | 1096 | 1160
4
5
6

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
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7 1320 | 1480 | 1608 | 1672 | 1800 | 1928 | 2088 | 2216 | 2344 | 2472
8 1544 | 1672 | 1800 | 1928 | 2088 | 2216 | 2344 | 2536 | 2664 | 2792
9 1736 | 1864 | 2024 | 2216 | 2344 | 2536 | 2664 | 2856 | 2984 | 3112
10 1028 | 2088 | 2280 | 2472 | 2664 | 2792 | 2984 | 3112 | 3368 | 3496
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 7224 | 7992 | 8504 | 9144 | 9912 | 10680 | 11448 | 11832 | 12576 | 12960

—
oo}
0

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 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848

O O|IN|O|OA[WIN|FP|O

31 32 33 34 35 36 37 38 39 40
0 840 872 904 936 968 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

5

2216 | 2280 | 2344 | 2408 | 2472 | 2600 | 2664 | 2728 | 2792 | 2856
2728 | 2792 | 2856 | 2984 | 3112 | 3112 | 3240 | 3368 | 3496 | 3496
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6 3240 | 3368 | 3496 | 3496 | 3624 | 3752 | 3880 | 4008 | 4136 | 4136
7 3752 | 3880 | 4008 | 4136 | 4264 | 4392 | 4584 | 4584 | 4776 | 4968
8 4392 | 4584 | 4584 | 4776 | 4968 | 4968 | 5160 | 5352 | 5544 | 5544
9 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
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 | 20616 | 21384 | 22152 | 22920 | 22920 | 23688 | 24496 | 25456 | 25456 | 26416

41 42 43 44 45 46 47 48 49 50
0 1128 | 1160 | 1192 | 1224 | 1256 | 1256 | 1288 | 1320 | 1352 | 1384
1 1480 | 1544 | 1544 | 1608 | 1608 | 1672 | 1736 | 1736 | 1800 | 1800
2 1800 | 1864 | 1928 | 1992 | 2024 | 2088 | 2088 | 2152 | 2216 | 2216
3 2408 | 2472 | 2536 | 2536 | 2600 | 2664 | 2728 | 2792 | 2856 | 2856
4 2084 | 2984 | 3112 | 3112 | 3240 | 3240 | 3368 | 3496 | 3496 | 3624
5 3624 | 3752 | 3752 | 3880 | 4008 | 4008 | 4136 | 4264 | 4392 | 4392
6
7
8
9

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 | 27376 | 27376 | 28336 | 29296 | 29296 | 30576 | 31704 | 31704 | 32856 | 32856

51 52 53 54 55 56 57 58 59 60
0 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
4

2984 | 2984 | 3112 | 3112 | 3240 | 3240 | 3368 | 3368 | 3496 | 3496
3624 | 3752 | 3752 | 3880 | 4008 | 4008 | 4136 | 4136 | 4264 | 4264
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5 4584 | 4584 | 4776 | 4776 | 4776 | 4968 | 4968 | 5160 | 5160 | 5352
6 5352 | 5352 | 5544 | 5736 | 5736 | 5992 | 5992 | 5992 | 6200 | 6200
7 6200 | 6456 | 6456 | 6712 | 6712 | 6712 | 6968 | 6968 | 7224 | 7224
8
9

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 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696 | 37888 | 37888 | 39232 | 39232

61 62 63 64 65 66 67 68 69 70
0 1672 | 1736 | 1736 | 1800 | 1800 | 1800 | 1864 | 1864 | 1928 | 1928
1 2216 | 2280 | 2280 | 2344 | 2344 | 2408 | 2472 | 2472 | 2536 | 2536
2 2728 | 2792 | 2856 | 2856 | 2856 | 2984 | 2984 | 3112 | 3112 | 3112
3 3624 | 3624 | 3624 | 3752 | 3752 | 3880 | 3880 | 4008 | 4008 | 4136
4 4392 | 4392 | 4584 | 4584 | 4584 | 4776 | 4776 | 4968 | 4968 | 4968
5 5352 | 5544 | 5544 | 5736 | 5736 | 5736 | 5992 | 5992 | 5992 | 6200
6
7
8
9

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 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352 | 46888

71 72 73 74 75 76 77 78 79 80
0 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
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4 5160 | 5160 | 5160 | 5352 | 5352 | 5544 | 5544 | 5544 | 5736 | 5736
5 6200 | 6200 | 6456 | 6456 | 6712 | 6712 | 6712 | 6968 | 6968 | 6968
6 7480 | 7480 | 7736 | 7736 | 7736 | 7992 | 7992 | 8248 | 8248 | 8248
7
8
9

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 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024 | 52752 | 52752

81 82 83 84 85 86 87 88 89 90
0 2280 | 2280 | 2280 | 2344 | 2344 | 2408 | 2408 | 2472 | 2472 | 2536
1 2984 | 2984 | 2984 | 3112 | 3112 | 3112 | 3240 | 3240 | 3240 | 3240
2 3624 | 3624 | 3752 | 3752 | 3880 | 3880 | 3880 | 4008 | 4008 | 4008
3 4776 | 4776 | 4776 | 4968 | 4968 | 4968 | 5160 | 5160 | 5160 | 5352
4 5736 | 5992 | 5992 | 5992 | 5992 | 6200 | 6200 | 6200 | 6456 | 6456
5 7224 | 7224 | 7224 | 7480 | 7480 | 7480 | 7736 | 7736 | 7736 | 7992
6
7
8
9

8504 | 8504 | 8760 | 8760 | 8760 | 9144 | 9144 | 9144 | 9144 | 9528
9912 | 9912 | 10296 | 10296 | 10296 | 10680 | 10680 | 10680 | 11064 | 11064
11448 | 11448 | 11448 | 11832 | 11832 | 12216 | 12216 | 12216 | 12576 | 12576
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 | 52752 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256

91 92 93 94 95 96 97 98 99 100
0 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
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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 9528 | 9528 | 9528 | 9912 | 9912 | 9912 | 10296 | 10296 | 10296 | 10296
7
8
9

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 | 59256 | 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 63776 | 66592 | 75376

101 | 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110
0 | 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
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 | 66592 | 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 71112 | 73712
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7.1.7.2.2 Transport blocks mapped to two-layer spatial multiplexing

For1< Nz <55, the TBSisgiven by the (155,2- Npgg ) entry of Table 7.1.7.2.1-1.

For56 < N ez <110, abaseline TBS L1 istaken fromthe (155, 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 11| TBS L2 | TBSL1 | TBSL2 | TBSL1 | TBS L2 | TBSL1 | 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 151376

7.2 UE procedure for reporting channel quality indication (CQI),
precoding matrix indicator (PMI) and rank indication (RI)

The time and frequency resources that can be used by the UE to report CQI, PMI, and RI are controlled by the eNB. For
spatial multiplexing, as given in [3], the UE shall determine a RI corresponding to the number of useful transmission
layers. For transmit diversity asgivenin [3], Rl isequal to one.

CQI, PMI, and RI reporting is periodic or aperiodic. A UE transmits CQI, PMI, and RI reporting on a PUCCH for
subframes with no PUSCH alocation. A UE transmits CQI, PMI, and RI reporting on a PUSCH for those subframes
with PUSCH allocation for @) scheduled PUSCH transmissions with or without an associated scheduling grant or b)
PUSCH transmissions with no UL-SCH. The CQI transmissions on PUCCH and PUSCH for various scheduling modes
are summarized in the following table:

Table 7.2-1: Physical Channels for Aperiodic or Periodic CQI reporting

Scheduling Mode Periodic CQI reporting channels Aperiodic CQI reporting channel
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Frequency non-selective PUCCH

Frequency selective PUCCH PUSCH

In case both periodic and aperiodic reporting would occur in the same subframe, the UE shall only transmit the
aperiodic report in that subframe.

When reporting RI the UE reports a single instance of the number of useful transmission layers. For each RI reporting
interval during closed-loop spatial multiplexing, a UE shall determine a Rl from the supported set of RI values for the
corresponding eNodeB and UE antenna configuration and report the number in each RI report. For each RI reporting
interval during open-loop spatial multiplexing, a UE shall determine RI for the corresponding eNodeB and UE antenna
configuration in each reporting interval and report the detected number in each RI report to support selection between
RI=1 transmit diversity and RI>1 large delay CDD open-loop spatial multiplexing.

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 NRDg or asmaller subset of RBs. The number of RBs represented by asingle PMI report is

semi-statically configured by higher layer signalling. A UE isrestricted to report PMI and RI within a precoder
codebook subset specified by a bitmap configured by higher layer signalling. For a specific precoder codebook and
associated transmission mode, the bitmap can specify al 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.

The set of subbands (S) a UE shall evaluate for CQI reporting spans the entire downlink system bandwidth. A subband
isaset of k contiguous PRBs where k is also semi-statically configured by higher layers. Note the last subband in set S

may have fewer than k contiguous PRBs depending on NRDg . The number of subbands for system bandwidth given

by N2 isdefined by N = (N s /k-‘ . Theterm 'Wideband CQI' denotes a CQI value obtained over the set S.

=  For single-antenna port and transmit diversity, as well as open-loop spatial multiplexing, and closed-loop
gpatial multiplexing with RI=1 a single 4-bit wideband CQI is reported according to Table 7.2.3-1.

= For RI > 1, closed-loop spatial multiplexing PUSCH based triggered reporting includes reporting a wideband
CQI which comprises:

o A 4-bit wideband CQI for codeword 1 according to Table 7.2.3-1
o A 4-hit wideband CQI for codeword 2 according to Table 7.2.3-1

=  For RI > 1, closed-loop spatial multiplexing PUCCH based reporting includes separately reporting a 4-bit
wideband CQI for codeword 1 according to Table 7.2.3-1 and a wideband spatial differential CQI each with a
distinct reporting period and relative subframe offset. The wideband spatial differential CQI comprises:

o A 3-bit wideband spatial differential CQI for codeword 2 = wideband CQI index for codeword 1 —
wideband CQI index for codeword 2. The set of exact offset levelsis{-4, -3, -2, -1, 0, +1, +2, +3}

7.2.1 Aperiodic CQI/PMI/RI Reporting using PUSCH

A UE shall perform aperiodic CQI, PMI and RI reporting using the PUSCH upon receiving an indication sent in the
scheduling grant.

The aperiodic CQI report size and message format is given by RRC.

The minimum reporting interval for aperiodic reporting of CQI and PMI and RI is 1 subframe. The subband size for
CQI shall be the same for transmitter-receiver configurations with and without precoding.

A UE is semi-statically configured by higher layers to feed back CQI and PMI and corresponding RI on the same
PUSCH using one of the following reporting modes given in Table 7.2.1-1 and described below:
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Table 7.2.1-1: CQIl and PMI Feedback Types for PUSCH reporting Modes

PMI Feedback Type
Single PMI | Multiple PMI
No PMI
Wideband Mode 1-2
o (wideband CQI)
o=
z 'é UE Selected Mode 2-0 Mode 2-2
g 2 (subband CQI)
o (9]
()
LL .
Higher Layer-
configured Mode 3-0 Mode 3-1
(subband CQI)

For each of the transmission modes defined in Section 7.1, the following reporting modes are supported on PUSCH:

1

2.
3.
4

Single-antenna port
Transmit diversity

Open-loop spatial multiplexing
Closed-loop spatial multiplexing : Modes 1-2, 2-2, 3-1

: Modes 2-0, 3-0
: Modes 2-0, 3-0
: Modes 2-0, 3-0

The selection of PMI and the calculation of CQI are both dependent on the RI value that the UE selects for the
corresponding reporting instance.

RI report on a PUSCH reporting mode isvalid only for CQI/PMI report on that PUSCH reporting mode

o

Wideband feedback
Mode 1-2 description:

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.

The UE shall report the selected precoding matrix indicator for each set S subband.
Subband sizeisgiven by Table 7.2.1-2.

Higher Layer-configured subband feedback

o Mode 3-0 description:

A UE shall report a wideband CQI value which is calculated assuming transmission on
set Ssubbands

The UE shall also report one subband CQI value for each set S subband. The subband
CQI valueis calculated assuming transmission only in the subband The CQI represents
channel quality for the first codeword, even when RI>1.

o Mode 3-1 description:

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
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= 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 single selected precoding matrix indicator

o Subband CQI for each codeword are encoded differentially with respect to their respective wideband
CQI using 2-bits as defined by

= Subband differential CQI = subband CQI index — wideband CQI index
e Possible subband differential CQI valuesare{-2, 0, +1, +2}

o Supported subband size (k) used and number of subbands (M1) in the set of subands S contained in a
report include those given in Table 7.2.1-2. In Table 7.2.1-2 the k values and M1 values are semi-
statically configured by higher layers as afunction of system bandwidth.

o Thepayload size P2 in bits for closed loop spatial multiplexing feedback modes (3-0, 3-1) is given by
=  Mode 3-0 or Mode 3-1 with RI=1:
P2=R(RI) + 2N+4+(2+T)-C (PMI +CQl)
=  Mode 3-1 with RI>1:
P2=R(Rl) + 2:(2N+4)+(2+T)-C (PMI +CQl)

= where T=2 if 4 antenna ports for common reference symbols are configured, for 2
antenna ports T=y, while for mode 3-0 then T=0

Editor"s note: RAN1 needsto agreeonyy.
= where C=1 for mode 3-1 and C=0 for mode 3-0

= where R=2 for up to 4-layer spatial multiplexing else R=1 for up to 2-layer spatia
multiplexing and R=0 otherwise

Table 7.2.1-2: Subband Size and #Subband CQIl in S vs. System Bandwidth

Mode 2-0 description:

System Bandwidth | Subband Size #Subband CQI in S
NEL (3 (M1)
6-7 (wideband CQI only)
8-10 4
11-26 4
27 - 63 6
64 -110 8
UE-selected subband feedback

= The UE shal select a set of M preferred subbands of size k (where k and M are givenin
Table 7.2.1-3 for each system bandwidth range) within the set of subbands S.

= The UE shall aso report one CQI value reflecting transmission only over the M selected
subbands determined in the previous step. The CQI represents channel quality across all
layers irrespective of computed or reported RI.
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= Additionally, the UE shall also report one wideband CQI value.
o Mode 2-2 description:

= The UE shal perform joint selection of the set of M preferred subbands of size k within
the set of subbands S and 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 best subbands and using the same selected single precoding matrix
in each of the M subbands.

= The UE shall also report the selected single precoding matrix preferred for the M
selected 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

= A UE shall aso report the selected single precoding matrix indicator for all set S
subbands.

o 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

LB

»  where the set{s, Ji'y . (1< <N, S <Sq) contains the M sorted subband indices

X
and <X> = (yj X2y is the extended binomia coefficient, resulting in unique label
Y 0 x<y

o The CQI value for the M selected subbands for each codeword is encoded differentially using 2-bits
relative to its respective wideband CQI as defined by

= Differentia CQI = best-M average index —wideband CQI index
e Possibledifferential CQI valuesare {+1, +2, +3, +4}

o Supported subband size k and M values include those shown in Table 7.2.1-3. In Table 7.2.1-3 the k
and M values are a function of system bandwidth.

o The payload size (P3) in bits for closed loop spatial multiplexing feedback modes (2-0, 2-2) is given
by

= Mode 2-0 or Mode 2-2 with RI=1:
P3=R(Rl) + 2+L+4+(2+T)-C (PMI +CQl)
=  Mode 2-2 with RI>1:
P3=R(RI) +2-(2+4)+L+(2+T)-C (PMI +CQl)

= where T=2 if 4 antenna ports for common reference symbols are configured, for 2
antenna ports T=y, while for mode 2-0 then T=0
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Editor"s note: RAN1 needsto agreeonyy.
= where C=2 for mode 2-2 and C=0 for mode 2-0

]

= where R=2 for up to 4-layer spatial multiplexing else R=1 for up to 2-layer spatial
multiplexing and R=0 otherwise

Table 7.2.1-3: Subband Size (k) and M values vs. Downlink System Bandwidth

System Bandwidth
Subband Sizek (RBs) | M
Nrs
6-—7 (wideband CQI only) | (wideband CQI only)
8-10 2 1
11-26 2 3
27 - 63 3 5
64 — 110 4 6

7.2.2 Periodic CQI/PMI/RI Reporting using PUCCH

A UE is semi-statically configured by higher layersto periodically feed back different CQI, PMI, and Rl on the PUCCH
using the reporting modes given in Table 7.2.2-1 and described below.

For the UE-selected subband CQI, a CQI report in a certain subframe describes the channel quality in a particular part
or in particular parts of the bandwidth described subsequently as bandwidth part (BP) or parts. The subbands shall be
indexed in the order of increasing frequency and non-increasing sizes starting at the lowest frequency.

e Thereareatota of N subbands for a system bandwidth given by NS5 Where\_N Rs | kJ subbands are of size k.
1 NS 7k | =[NBS 7k |> 0 then one of the subbandsis of size NS — k[N /k .

e A bandwidth part is frequency-consecutive and consists of N ; subbands where J bandwidth parts span Sor
NRs asgiveninTable7.2.2-2.1f J =1 then N, is’_NgE'; /k/ﬂ .1f J>1then N, iseither ’-N% /k/ﬂ or

(NFEBL /k/ﬂ —1, depending on NS5 , k and J.

e Each bandwidth part j is scanned in sequential order according to increasing frequency as defined by the
equation j=mod(Ng,J) , where Ng is a counter that a UE increments after each subband report
transmission for the bandwidth part.

e For UE selected subband feedback a single subband out of N; subbands of a bandwidth part is selected along

with a corresponding L-bit label whereL = ﬂog2 N; W .
The CQI and PMI payload sizes of each PUCCH reporting mode are given in Table 7.2.2-3.

Four CQI/PMI and RI reporting types with distinct periods and offsets are supported for each PUCCH reporting mode
asgivenin Table 7.2.2-3:

e Type 1 report supports CQI feedback for the UE selected sub-bands

e Type 2 report supports wideband CQI and PMI feedback.

e Type 3 report supports RI feedback

e Type 4 report supports wideband CQI
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In the case where RI and wideband CQI/PMI reporting are configured, Rl and wideband CQI/PMI are not reported in
the same subframe (reporting instance):
e Thereporting interval of the RI reporting is an integer multiple of wideband CQI/PMI period.
e Thesameor different offsets between Rl and wideband CQI/PMI reporting instances can be configured.
e Both the reporting interval and offset are configured by higher layers. In case of collision of Rl and wideband
CQI/PMI the wideband CQI/PMI is dropped.

In the case where RI and both wideband CQI/PMI and subband CQI reporting are configured:
e Thesameset of CQI reporting instances, with period P, are used for both wideband CQI/PMI and subband
CQI reports

= Thewideband CQI/PMI report has period H*P, and is reported on the set of reporting instances
indexed by {0, H, 2H,...}.

=  Theinteger H isdefined as H=J*K+1, where Jis the number of bandwidth parts.

=  Between every two consecutive wideband CQI/PMI reports, the remaining J*K reporting instances
are used in sequence for subband CQI reports on K full cycles of bandwidth parts.

e Thereporting interval of Rl isM times the wideband CQI/PMI period, and RI is reported on the sasme PUCCH
cyclic shift resource as both the wideband CQI/PMI and subband CQI reports.

= The offset (in subframes) between the Rl and wideband CQI/PMI isdenoted as O.

= |ncase of collision between RI and wideband CQI/PMI or subband CQI, the wideband CQI/PMI or
subband CQI is dropped.

e The parameters P, K, M, O are configured by higher layer such as RRC message in a semi-static manner. The
parameter K should be selected from the set { 1,2,3,4}, and the parameter O is selected fromthe set {0, -1, ...,-
(P-1), -P}.

The following PUCCH formats are used:
e Format 2 as defined in section 5.4.2 in [3] when CQI/PMI or RI report is not multiplexed with ACK/NAK
e Format 2a/2b as defined in section 5.4.2 in [3] when CQI/PMI or RI report is multiplexed with ACK/NAK for
normal CP
e Format 2 as defined in section 5.4.2 in [3] when CQI/PMI or RI report is multiplexed with ACK/NAK for
extended CP

Table 7.2.2-1: CQIl and PMI Feedback Types for PUCCH reporting Modes

PMI Feedback Type
No PMI Single PMI
e
(6)' > Wideband Mode 1-0 Mode 1-1
T ¥ (wideband CQI)
O ®
(S =}
-]
ag UE Selected Mode 2-0 Mode 2-1
LL
(subband CQI)

For each of the transmission modes defined in Section 7.1, the following reporting modes are supported on PUCCH:
1. Single-antenna port : Modes 1-0, 2-0
2. Transmit diversity : Modes 1-0, 2-0
3. Open-loop spatial multiplexing : Modes 1-0, 2-0
4. Closed-loop spatial multiplexing : Modes 1-1, 2-1
RI report in a PUCCH reporting mode is valid only for CQI/PMI report on that PUCCH reporting mode.

e  Wideband feedback

ETSI



3GPP TS 36.213 version 8.3.0 Release 8 31 ETSI TS 136 213 Vv8.3.0 (2008-11)

o Mode 1-0 description:
= Inthe subframe where RI isreported (only for open-loop spatial multiplexing):
e A UE shall determine a Rl assuming transmission on set S subbands.
e The UE shall report atype 3 report consisting of one RI.

= |nthe subframe where CQI is reported:

e A UE shdl report atype 4 report consisting of one wideband CQI value which
is calculated assuming transmission on set S subbands. For open-loop spatial
multiplexing the CQI is calculated conditioned on the last reported RI.

o Mode 1-1 description:
= Inthe subframe where RI isreported (only for closed-loop spatial multiplexing):

e A UE shall determine a Rl assuming transmission on set S subbands.
e The UE shal report atype 3 report consisting of one RI
= |nthe subframe where CQI/PMI is reported:

e A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands and conditioned on the last reported RI

e A UE shal report a type 2 report on each respective successive reporting
opportunity consisting of

o 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 and conditioned on the last reported RI.

o The selected single precoding matrix indicator (wideband PMI)
o When RI>1, a3-bit wideband spatial differential CQI.

e UE Selected subband feedback
o Mode 2-0 description:
= Inthe subframe where RI isreported (only for open-loop spatial multiplexing):
e A 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 wideband CQI is reported:

e The UE shall report a type 4 report on each respective successive reporting
opportunity consisting of one wideband CQI value conditioned on the last
reported RI.

= Inthe subframe where CQI for the selected subbands is reported:

e The UE shall select the preferred subband within the set of N subbands in each
of the J bandwidth parts where J is given in Table 7.2.2-2. For open-loop
spatial multiplexing, the selection is conditioned on the last reported RI.

e The UE shal report a type 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 best 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 across
al layers irrespective of the computed or reported RI. For open-loop spatial
multiplexing, the selection is conditioned on the last reported RI
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o Mode 2-1 description:

= Inthe subframe where RI isreported:
e A UE shall determine a Rl assuming transmission on set S subbands.
e The UE shall report atype 3 report consisting of one RI.

= |nthe subframe where wideband CQI/PMI is reported:

e A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands and conditioned on the last reported RI.

e A UE shal report a type 2 report on each respective successive reporting
opportunity consisting of:

o A wideband CQI value which is calculated assuming the use of a
single precoding matrix in al subbands and transmission on set S
subbands and conditioned on the last reported RI.

o The sdlected single precoding matrix indicator (wideband PMI).
o WhenRI>1, and additional 3-bit wideband spatial differential CQI.

= |nthe subframe where CQI for the selected subbands is reported:

e The UE shall select the preferred subband within the set of N; subbands in each
of the J bandwidth parts where J is given in Table 7.2.2-2 conditioned on the
last reported wideband PMI and RI.

e The UE shal report a type 1 report per bandwidth part on each respective
successive reporting opportunity consisting of:

o A single CQI value 1 reflecting transmission only over the selected
subband of a bandwidth part determined in the previous step along
with the corresponding best subband L-bit label conditioned on the
last reported wideband PMI and RI.

o If RI>1, an additional 3-bit spatia differential CQI represents the
difference between CQI value 1 for codeword 1 and CQI value 2 for
codeword 2 assuming the use of the most recently reported single
precoding matrix in all subbands and transmission on set S subbands.

Table 7.2.2-2: Subband Size (k) and Bandwidth Parts (J) vs. Downlink System Bandwidth

System Bandwidth | sybband Size k Bandwidth Parts
N2 (RBs) )
6-7 (wideband CQI only) 1
8-10 4 1
11 -26 4 2
27 — 64 6 3
65-110 8 4

The corresponding periodicity parameters for the different CQI/PMI modes are defined as:

e N isthe periodicity of the sub-frame pattern allocated for the CQI reports in terms of subframes were the
minimum reporting interval is Npgyy -

® Nt isthe subframe offset
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A UE with a scheduled PUSCH allocation in the same subframe as its CQI report shall use the same PUCCH-based
reporting format when reporting CQI on the PUSCH unless an associated PDCCH with scheduling grant format
indicates an aperiodic report is required.

Table 7.2.2-3: PUCCH Report Type Payload size per Reporting Mode

PUCCH Reporting Modes
PUCCH | Reported | Mode State Mode 1-1 | Mode2-1 | Mode 1-0 | Mode 2-0
Report
Type (bityBP) | (bitsBP) (bit¥BP) | (bitsBP)
1 Sub-band RI=1 NA 4+L NA 4+L
Cql
RI>1 NA 7+L NA 4+L
2 TX Antennas Rl =1 NA NA
2 Wideband 4 TX Antennas Rl =1 8 8 NA NA
CQl/PMI 2 TX Antennas RI > 1 NA NA
4 TX Antennas Rl > 1 11 11 NA NA
3 RI 2-layer spatial multiplexing 1 1 1 1
4-layer spatial multiplexing 2 2 2
4 Wideband RI=1 NA NA 4 4
CQl

7.2.3 Channel quality indicator (CQI) definition

The number of entriesin the CQI table for asingle TX antenna= 16 as given by Table 7.2.3-1.

A single CQI index corresponds to an index pointing to avaluein the CQI table. The CQI index isdefined in terms of a
channel coding rate value and modulation scheme (QPSK, 16QAM, 64QAM),

Based on an unrestricted observation interval in time and frequency, the UE shall report the highest tabulated CQI index
for which a single PDSCH sub-frame with a transport format (modulation and coding rate) and number of RES
corresponding to the reported or lower CQI index that could be received in a 2-slot downlink subframe aligned,
reference period ending z slots before the start of the first dot in which the reported CQI index is transmitted and for
which the transport block error probability would not exceed 0.1.

Editor"s note: RAN1 needs to agree on z.

The UE may assume the following in calculating the number of REs for the CQI calculation:
e 3 OFDM symbolsfor control signaling
e Noresourcesreserved for P/S-SCH and P-BCH
e CPlength of the non-MBSFN subframe

In deriving the CQI index, the UE may assume
e the MIMO mode (TxD or spatial multiplexing)
e thenominal measurement offset is a parameter semi-statically configurable by higher layers of the data EPRE
with respect to the RS EPRE, from which the actual measurement offset of the data EPRE is derived

Table 7.2.3-1: 4-bit CQI Table

CQIl index | modulation | codingratex 1024 | efficiency
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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 64QAM 466 2.7305
11 64QAM 567 3.3223
12 64QAM 666 3.9023
13 64QAM 772 4.5234
14 64QAM 873 5.1152
15 64QAM 948 5.5547

7.2.4 Precoding Matrix Indicator (PMI) definition

For closed-loop spatial multiplexing transmission, precoding feedback is used for channel dependent codebook based
precoding and relies on UEs reporting precoding matrix indicator (PMI1). A UE shall report PMI based on the feedback
modes described in 7.2.1 and 7.2.2. Each PMI value corresponds to a codebook index given in Table 6.3.4.2.3-1 or
Table6.3.4.2.3-2 of [3].

For open-loop spatial multiplexing transmission, PMI reporting is not supported.

7.3 UE procedure for reporting ACK/NACK

When both ACK/NACK and SR are transmitted in the same sub-frame a UE shall transmit the ACK/NACK on its
assigned ACK/NACK PUCCH resource for a negative SR transmission and transmit the ACK/NACK onits assigned
SR PUCCH resource for a positive SR transmission.

When only an ACK/NACK or only a SR is transmitted a UE shall use PUCCH Format 1aor 1b for the ACK/NACK
resource and PUCCH Format 1 for the SR resource as defined in section 5.4.1in [3].

8 Physical uplink shared channel related procedures

For FDD, there shall be 8 HARQ processesin the uplink. For FDD, the UE shall upon detection of a PDCCH with DCI
format 0 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 and PHICH information.

For TDD, the number of HARQ processes shall be determined by the DL/UL configuration (Table 4.2-2 of [3]), as
indicated in table 8-1.

Table 8-1: Number of synchronous UL HARQ processes for TDD

TDD UL/DL Number of HARQ processes
configuration
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OO |W|IN|F|O
DR INIWIN ™|

For TDD UL/DL configurations 1-6, the UE shall upon detection of a PDCCH with DCI format 0 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 and PHICH information

For TDD UL/DL configuration O the UE shall upon detection of a PDCCH with DCI format 0 and/or a PHICH
transmission in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+k if the
first bit of the UL index in the DCI format 0 is set or PHICH is received in subframe n=0 or 5 in the resource
corresponding to sy ey =0, asdefined in Section 9.1.2, with k givenin Table 8-2. If, for TDD UL/DL configuration O,
the second bit of the UL index in the DCI format O is set in subframe n or aPHICH isreceived in subframen=0or 5in
the resource corresponding to | sy ey =1, as defined in Section 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.

Table 8-2 k for TDD configurations 0-6

TDD UL/DL DL subframe number n
Configuration

0|/1(2|3|4|5|6|7|8|9
0 4|6 4|6
1 6 4 6 4
2 4 4
3 4 414
4 4 | 4
5 4
6 7|7 717 5

8.1 Resource Allocation for PDCCH DCI Format O

A resource alocation field in the scheduling grant consists of aresource indication value (RIV) corresponding to a
starting resource block ( RBgragr ) and alength in terms of contiguously allocated resource blocks ( Leggs ). The

resource indication value is defined by
if (Legps —1) s\_Néﬁé /2j then
RIV = Ngg (Lcras =1 + RBsrarr
else
RIV = Ngg (Ngg — Leras +1) + (Npg —1— RBsragr)

For the case where an odd number of resource block pairs have been configured for PUCCH transmissions and a UE"s
PUSCH resource alocation includes PRBs at a carrier band edge then the PRB of the allocated PUSCH band edge PRB
pair occupied by the PUCCH resource slot will not be used for the PUSCH.
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8.2 UE sounding procedure

The following Sounding Reference Symbol (SRS) parameters are UE specific semi-statically configurable by higher
layers:

e  Starting sub-carrier assignment

e  Starting physical resource block assignment

e Duration of SRS transmission: single or indefinite (until disabled)

e Periodicity of SRStransmissions: {2, 5, 10, 20, 40, 80, 160, 320} ms
e Frequency hopping (enabled or disabled)

e Cyclic shift

The SRS transmission bandwidth does not include the PUCCH region. The cell specific SRS transmission bandwidths
are configured by higher layers. The allowable values are given in Section 5.5.3.2 of [3].

The cell specific SRS transmission sub-frames are configured by higher layers. The allowable values are given in
Section 5.5.3.3 of [3].

In case the UE supports transmit antenna selection, the SRS transmission antenna alternates sequentially between
successive SRS transmission sub-frames, both when frequency hopping is enabled or disabled, except when a single
SRS transmission is configured for the UE.

For TDD, when one SC-FDMA symbol exists in UpPTS, it can be used for SRS transmission. When two SC-FDMA
symbols exist in UpPTS, both can be used for SRS transmission and both can be assigned to the same UE.

A UE shall not transmit SRS whenever SRS and CQI transmissions happen to coincide in the same subframe.
A UE shall not transmit SRS whenever SRS and SR transmissions happen to coincide in the same subframe.

When a UE is configured by higher layers to support both A/N and SRS transmissions in the same subframe, then the
UE shall transmit A/N using a shortened PUCCH format where the A/N symbol corresponding to the SRS location is
punctured as defined in Section 5.4.1 of [3]. Otherwise, the UE shall only transmit the A/N using the normal PUCCH
format 1laor 1b asdefined in Section 5.4.1 of [3].

8.2.1 Sounding definition

8.3 UE ACK/NACK procedure

For Frame Structure type 1, an ACK/NACK received on the PHICH assigned to a UE in subframei is associated with
the PUSCH transmission in subframe i-4.

For Frame Structure type 2, an ACK/NACK received on the PHICH assigned to a UE in subframe i is associated with
the PUSCH transmission in the subframe indicated by the following table:

[..tableto beinserted.. ]
The physical layer in the UE shall deliver indications to the higher layers as follows:
For downlink subframe i, if atransport block was transmitted in the associated PUSCH subframe then:

- if an Uplink Scheduling Assignment is received in subframe i with NDI toggled since the previous subframe
corresponding to the same HARQ process, a new transmission shall be indicated to the higher layers;

- dseif an Uplink Scheduling Assignment is received in subframe i with NDI not toggled since the previous subframe
corresponding to the same HARQ process, are-transmission shall be indicated to the higher layers.
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- dseif no Uplink Scheduling Assignment is received in subframei, then:;
o if ACK isdecoded on the PHICH, ACK shall be delivered to the higher layers;

o else NACK shall be delivered to the higher layers.

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 with DCI format 0 is set otherwise no PUSCH frequency hopping is performed.

A UE performing PUSCH frequency hopping shall determine its PUSCH resource allocation for the first dot of a

subframe (S1) including the lowest index PRB ( n5ss (n) ) in subframe n from the resource alocation field in a
corresponding PDCCH with DCI format O received on subframe n-4. For anon-adaptive retransmission of a packet on
adynamically assigned PUSCH resource a UE shall determine its hopping type based on the last received PDCCH with
DCI Format 0 associated with the packet. For aPUSCH transmission on a persistently allocated resource on subframe
n in the absence of a corresponding PDCCH with a DCI Format O in subframe n-4, the UE shall determine its hopping
type based on the hopping information in the initial grant that assigned the persistent resource allocation. The initial
grant is either aPDCCH with DCI Format O or is higher layer signaled.

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 N R";’ =N ,;JE'; - N;g ceen _Fortype 2
PUSCH hopping, NRP;JCCH = N +1if NEY°™H isan odd number where NS defined in [3].

N:gCCH = N,ESCCH in other cases. The size of the resource allocation field in DCI format O after excluding either 1
or 2 bitsshall be y = |_| 09,(Ngs (Nas +1)/ 2)-| — K, where k = 1 or 2 bits and the number of contiguous RBs that
can be assigned to a hopping user is limited to min( LZy / N;’H,\_NESSCH / Nsbj ),where the number of sub-bands

Ng, 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 section 8.4.1 and type 2 is described in section 8.4.2.

Table 8.4-1: Max PUSCH BW, and Number of Hopping Bits vs. System Bandwidth

System BW Max BW assigned to a hopping #Hopping bits for
NS User 2nd slot RA
(k)
6-49 1
50-110 min(\_zy / NFZH 2
(NN )

For either hopping type a single bit signaled by higher layers indicates whether PUSCH frequency hopping isinter-
subframe only or both intra and 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 determineNpgg (i) as defined in Table 8.4-2.
The lowest index PRB (nggg ) of the 1% slot RA in subframe i is defined as Npgg (i) = N (1) JN;’gCCH /2} :

The lowest index PRB (npgg (i) ) of the 2™ slot RA in subframe i is defined asnpgg (i) = fpgg (i) + LNFF;gCCH /2j.

8.4.2 Type 2 PUSCH Hopping

In PUSCH hopping type 2 the set of physical resource blocks to be used for transmission in slot ng is given by the
scheduling grant together with a predefined pattern according to [3] section 5.3.4..

Table 8.4-2: PDCCH DCI Format 0 Hopping Bit Definition

System BW Number of Information in ~
NRs Hopping bi inq bi Npgg (1)
RB pping bits hopping bits
0 @N PUSCH /ZJ + s (i)j mod N &5 <
6-49 1 RB PRB RB
1 Type 2 PUSCH Hopping
00 ON FoscH /4J + N5 (i)) mod Ny 5
50 - 110 2 01 (— [NEY= /4] + Sk, (i)) mod N FYSH
10 (LN;ESC“ /2j + Nprs (i)) mod N 55 ="
11 Type 2 PUSCH Hopping

8.5 UE Reference Symbol procedure

If UL sequence hopping is configured in the cell, it appliesto al reference symbols (SRS, PUSCH and PUCCH RS).

8.6 Modulation order, redundancy version and transport block
size determination

To determine the modulation order, redundancy version and transport block size for the physical uplink shared channel,
the UE shall first

- read the 5-bit ‘modulation and coding scheme and redundancy version' field (1,,.5) in the DCI, and
— check the 'CQI request' bit in DCI, and
- compute the total number of allocated PRBs ( N, ) based on the procedure defined in Section 8.1.

8.6.1 Modulation order and redundancy version determination
ForO0<1,,.s <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 is given by Q,,in Table 8.6.1-1.
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- If the UE is not capable of supporting 64QAM in PUSCH or has been configured by higher layersto transmit
only QPSK and 16QAM, Q,, isfirst read from Table 8.6.1-1. The modulation order is set to Q,, = min(4,Q;,) .

- If the UE isto transmit the PUSCH in bundled mode and N oz <[7] [and | ;55 < ?], the modulation order is set
toQ,=2.

For29 < |,,cs < 31, the modulation order is assumed to be as determined from DCI transported in the initial PDCCH
for the same transport block using 0< 1,5 < 28 except for the following case. If I, = 29, the 'CQI request’ bit in
DCI format Oisset and N gz <[2—4], the modulation order issetto Q,, =[2] .

The UE shall usel s and Table 8.6.1-1 to determine the redundancy version (rvig) to use in the physical uplink shared
channel.

Table 8.6.1-1: Modulation, TBS index and redundancy version table for PUSCH

MCSIndex M odulation TBS Redundancy
| es Order Index Version
Qm I TBS rvidx
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

8.6.2 Transport block size determination

For0<1,,cs <28, the UE shall first determine the TBSindex (| ;g5) using l,,cs and Table 8.6.1-1. The UE shall then
follow the procedure in Section 7.1.7.2.1 to determine the transport block size.
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For29<1,,.s < 31, the transport block size is assumed to be as determined from DCI transported in the initial PDCCH
for the same transport block using 0< 1,5 < 28 except for the following case. If I, = 29, the 'CQI request’ bit in

DCI format O isset and N o5 <[2—4], 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.

8.7 UE Transmit Antenna Selection

UE transmit antenna selection when configured is only applicable with DCI Format 0 and FDD.

9 Physical downlink control channel procedures

9.1 UE procedure for determining physical downlink control
channel assignment

9.1.1 PDCCH Assignment Procedure

The control region consists of aset of CCEs, numbered from 0to N¢cg  —1 according to Section 6.8.2in [3], where
Ncce ¢ isthe total number of CCEsin the control region of subframe k . The UE shall monitor a set of PDCCH

candidates for control information in every non-DRX subframe, where monitoring implies attempting to decode each of
the PDCCHs in the set according to all the monitored DCI formats. The UE is not required to decode control
information on a PDCCH if the channel-code rate is larger than 3/4, where channel-code rate is defined as number of
downlink control information bits (including RNTI) divided by the number of physical channel bits on the PDCCH.

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} is defined by a contiguous set of CCEs given by

(Z{” +i)mod N e
where Z{") definesthe start of the search space, i =0,L..,M® - L -1 and M) is the number of PDCCHs to monitor

in the given search space.

The UE shall monitor one common search space at each of the aggregation levels 4 and 8 and one UE-specific search
space at each of the aggregation levels 1, 2, 4, 8. The common and UE-specific search spaces may overlap.

The aggregation levels defining the search spaces and the DCI formats that the UE shall monitor the respective search
spaces arelisted in Table 9.1.1-1. The notation 3/3A implies that the UE shall monitor DCI formats 3 or 3A as
determined by the configuration. The DCI formats that the UE shall monitor in the UE specific search spacesis a subset
of those listed in Table 9.1.1-1 and depend on the configured transmission mode as defined in Section 7.1.

Table 9.1.1-1: PDCCH candidates monitored by a UE.

Search space ") Number of PDCCH | DCI formats
candidates M (V)
Type Aggregation level L Size[in CCEg]
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1 6 6
UE- 2 12 6
specific 4 ) > 0,1,1A1B, 2
8 16 2
4 16 4
Common 3 16 5 0, 1A, 1C, 3/3A

For the common search spaces, the starting location ZlEL) is set to O for the two aggregation levels L =4 and L =8.
For the UE-specific search space S{") at aggregation level L, the starting location Z (" is defined by

ZlEL) = L'(Yk mOd\_NCCE,k/LJ)
Y, =(A-Y,_;)modD

where Y ; = ngyp #0, A=39827 and D = 65537 .

9.1.2 PHICH Assignment Procedure

For scheduled PUSCH transmissionsin subframe n, a UE shall determine the corresponding PHICH resourcein
subframe n+ Kpych, Where kppicn isaways 4 for FDD andisgivenintable 9.1.2-1 for TDD.

Table 9.1.2-1: Kpycy for TDD

TDD UL/DL UL subframe index n
Configuration
0|1|2|3|4|5|6|7|8]|9

0 4| 7|6 4| 7|6

1 416 416

2 6 6

3 6|66

4 6|6

5 6

6 416|6 4|7

The PHICH resource is determined from lowest index PRB of the uplink resource allocation and the 3-bit uplink
demodulation reference symbol (DMRS) cyclic shift associated with the PUSCH transmission, both indicated in the
PDCCH with DCI format 0 granting the PUSCH transmission.

The PHICH resource isidentified by the index pair (n35& :Npricn ) Where ngii &, isthe PHICH group number and
Npgicy 1S the orthogonal sequence index within the group as defined by:

group __ ¢y lowest _index group group
Nerich =(lpre_ra + Nomrs) MOA Npyicy + 1 pric Npricr

seq _ lowest _index group J PHICH
NpHicH = (\_I pre_rA | NpricH [t Nomrs) Mod 2N g
where

Npwrs 1S the cyclic shift of the DMRS used in the UL transmission to which the PHICH is related.
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NS is the spreading factor size used for PHICH modulation as described in section 6.9.1in [3].

o 1S er®isthe lowest index PRB of the uplink resource allocation

Npicy isthe number of PHICH groups configured by higher layers as described in section 6.9 of

(31,

| _ |1 for TDD UL/DL configuration O with PUSCH transmission in subframen=4or 9
PRI 710 otherwise

10 Physical uplink control channel procedures

10.1  UE procedure for determining physical uplink control
channel assignment
Uplink control information (UCI) in subframe n shall be transmitted
- onPUCCH using format 1/1a/1b or 2/2a/2b if the UE is not transmitting on PUSCH in subframe n
- on PUSCH if the UE istransmitting on PUSCH in subframe n

Throughout this section, subframes are numbered in monotonically increasing order; if the last subframe of aradio
frame is denoted k , the first subframe of the next radio frame is denoted k +1.

The following combinations of uplink control information on PUCCH are supported:
- HARQ-ACK using PUCCH format 1laor 1b
- Scheduling request (SR) using PUCCH format 1
- HARQ-ACK and SR using PUCCH format laor 1b
- CQI using PUCCH format 2
- CQI and HARQ-ACK using PUCCH format
- 2aor 2bfor normal cyclic prefix

- 2for extended cyclic prefix

For FDD, the UE shall use PUCCH resource n§),, for transmission of HARQ-ACK in subframe n, where

- for adynamically scheduled PDSCH indicated by the detection of a corresponding PDCCH with DCI format
1A/1/2 in subframe n—4, the UE shall use n¥ccyy = Nece + NSeey » Where nece is the number of the first

CCE used for transmission of the corresponding DCI assignment and N&]CCH is configured by higher layers.

- for asemi-persistently scheduled PDSCH transmission and where there is not a corresponding DCI detected in
subframe n— 4, the value of n§).,, isconfigured by higher layers.

For TDD, the UE shall use PUCCH resource n) ., for transmission of HARQ-ACK in subframe n, where
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- for dynamically scheduled PDSCH indicated by the detection of corresponding PDCCH(s) with DCI format
1A/1/2 within subframe(s) n—k , where ke K and K (defined in Table 10.1-1) isa set of M elements

{ko, K, Ky 71} depending on the subframe n and the UL-DL configuration (defined in Table 4.2-2 in[3]),
nYccy 1S given by afunction of the first CCE index used for transmission of the corresponding DCI format
1A/1/2 in subframe N— K and the corresponding m, where K isthe smallest valuein set K such that UE
detects aDCI format 1A/1/2 in subframe N—K_,.

- for asemi-persistently scheduled PDSCH transmission and where there is not a corresponding DCI detected
within subframe(s) n—k , where ke K and K isdefined in Table 10.1-1, the value of n§). is configured
by higher layers.

Table 10.1-1: Downlink association set index K : {kg,ky,---ky_1} for TDD

UL-DL Subframen

Configuration ol1l 2 3 4 |5]|6 7 819
0 -] - 6 - 4 |-1- 6 -4
1 - |- 7,6 4 EE 7,6 |4]-
2 -|-1 8764 - - | -1-18.7.6,4 -
3 -1-] 11,76 6,5 |[54][-]- - -
4 - -l12,11,8,7[7,6,54] - |-]- - -
5 - |- 1B - - -1 - .
6 - - 7 7 5 | -]- 7 71 -

10.2  Uplink ACK/NACK timing

For FDD, the UE shall upon detection of a PDSCH transmission in subframe n-4 intended for the UE and for which an
ACK/NACK shall be provided, transmit the ACK/NACK response in subframe n.

For TDD, the UE shall upon detection of a PDSCH transmission within subframe(s) n—k , where ke K and K is
defined in Table 10.1-1 intended for the UE and for which ACK/NACK response shall be provided, transmit the
ACK/NACK responsein UL subframe n.

For TDD, the UE shall upon detection of a PDSCH transmission in subframe n intended for the UE and for which an
ACK/NACK shall be provided, transmit the ACK/NACK responsein UL subframe n+k, where k depends on the
subframe n according to Table 10.2-1 for the UL-DL configurations defined in Table 4.2-2in [3].

Table 10.2-1: Uplink ACK/NACK timing index k for TDD

Configuration | Subframen

0 1 (2[3|4]|5|]6]7]8]|9
0 4 6 -1 -1416]-1-]-
1 7 6 |-|-14|7|6|-|-]|4
2 7 6 |-14|8|7|6]|-14]8
3 4 111 |-]-]1-]7]6|6]|5]5
4 12 |11 | -|-|8|7]|7|6|5] 4
5 12 11| -19|8|7|6|5|4]13
6 7 7 1-1-1-17171-1-15

For TDD, the use of asingle ACK/NACK response for providing HARQ feedback for multiple PDSCH transmissions
is supported by performing logical AND of all the corresponding individual (dynamically and semi-persistently
scheduled) PDSCH transmission ACK/NACKSs. Downlink Assignment Index (DAI) denotes the minimum number of
dynamic downlink assignment(s) transmitted to the corresponding UE within all the subframe(s) n—k , where ke K,
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and it can be updated from subframe to subframe. If the value of DAI in subframe N—K_,, where K, isthe smallest

valuein set K such that UE detects a DCI format 1A/1/2 in subframe N— K, does not equal to the number of detected
dynamic downlink assignment(s) within the subframe(s) n—k , where ke K, UE shall not transmit ACK/NACK.
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