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Foreword
This Technical Specification 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 the 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 the coding, multiplexing and mapping to physical channels for E-UTRA.

2

References

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

[1]
[2]

(3]

[4]

(5]

[6]

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

For a specific reference, subsequent revisions do not apply.

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

3GPP TR 21.905: "Vocabulary for 3GPP Specifications'.

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

3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures’.

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

3GPP TS36.321, “Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access
Control (MAC) protocol specification”

3GPP TS36.331, “Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC) protocol specification”

3
3.1

Definitions, symbols and abbreviations

Definitions

For the purposes of the present document, the terms and definitions given in [1] and the following apply. A term
defined in the present document takes precedence over the definition of the sameterm, if any, in[1].

Definition format

<defined term>: <definition>.

3.2 Symbols
For the purposes of the present document, the following symbols apply:
N gg Downlink bandwidth configuration, expressed in number of resource blocks[2]
N FLfE'; Uplink bandwidth configuration, expressed in number of resource blocks[2]
NSFSB Resource block size in the frequency domain, expressed as a number of subcarriers
Nomp Number of SC-FDMA symbols carrying PUSCH in a subframe
N;%?H'i”itid Number of SC-FDMA symbols carrying PUSCH in theinitial PUSCH transmission subframe

ETSI
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Number of SC-FDMA symbols used for SRS transmission in a subframe (0 or 1).

3.3 Abbreviations
For the purposes of the present document, the following abbreviations apply:
BCH Broadcast channel
CFI Control Format Indicator
CP Cyclic Prefix
DCI Downlink Control Information
DL-SCH Downlink Shared channel
FDD Frequency Division Duplexing
HI HARQ indicator
MCH Multicast channel
PBCH Physical Broadcast channel
PCFICH Physical Control Format Indicator channel
PCH Paging channel
PDCCH Physical Downlink Control channel
PDSCH Physical Downlink Shared channel
PHICH Physical HARQ indicator channel
PMCH Physical Multicast channel
PMI Precoding Matrix Indicator
PRACH Physical Random Access channel
PUCCH Physical Uplink Control channel
PUSCH Physical Uplink Shared channel
RACH Random Access channel
RI Rank Indication
SR Scheduling Request
SRS Sounding Reference Signal
TDD Time Division Duplexing
TPMI Transmitted Precoding Matrix Indicator
UcCl Uplink Control Information
UL-SCH Uplink Shared channel
4 Mapping to physical channels
4.1 Uplink

Table 4.1-1 specifies the mapping of the uplink transport channelsto their corresponding physical channels. Table 4.1-2
specifies the mapping of the uplink control channel information to its corresponding physical channel.

Table 4.1-1
TrCH Physical Channel
UL-SCH PUSCH
RACH PRACH

Table 4.1-2

Control information

Physical Channel

UCl

PUCCH, PUSCH

ETSI
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4.2 Downlink

Table 4.2-1 specifies the mapping of the downlink transport channelsto their corresponding physical channels. Table
4.2-2 specifies the mapping of the downlink control channel information to its corresponding physical channel.

Table 4.2-1
TrCH Physical Channel
DL-SCH PDSCH
BCH PBCH
PCH PDSCH
MCH PMCH
Table 4.2-2
Control information Physical Channel
CFlI PCFICH
Hi PHICH
DCI PDCCH
5 Channel coding, multiplexing and interleaving

Data and control streams from/to MAC layer are encoded /decoded to offer transport and control services over the radio
transmission link. Channel coding scheme is a combination of error detection, error correcting, rate matching,
interleaving and transport channel or control information mapping onto/splitting from physical channels.

5.1 Generic procedures

This section contains coding procedures which are used for more than one transport channel or control information
type.

51.1 CRC calculation

Denote the input bits to the CRC computation by a,, 8, a,, a3,..., a1, and the parity bitsby pg, P1, P2, Py PLog- A

isthe size of the input sequence and L is the number of parity bits. The parity bits are generated by one of the following
cyclic generator polynomials:

- Ocrca(D) =[D*+DZ®+D®¥ + DY +D¥+ DM+ DY+ D’ + D6+ D>+ D*+ D3+ D + 1] and;
- gcrcas(D) =[D* + D2 + D® + D°+ D + 1] for aCRC length L = 24 and;
- gereis(D) = [D + D2 + D%+ 1] for aCRC length L = 16.
- Ocres(D) =[D8+ D7+ D*+ D%+ D + 1] for aCRC length of L = 8.
The encoding is performed in a systematic form, which means that in GF(2), the polynomial:
DB +a, D2 4 +a, ;D*+ poDZ +p,DZ +..4 pypDt + pog

yields aremainder equal to 0 when divided by the corresponding length-24 CRC generator polynomial, gcrezaa(D) OF
Ocrez4s(D), the polynomial:

a,D* +a, D+ +a, ;D + pyD® +p,D¥ +..+ py,D* + pis
yields aremainder equal to 0 when divided by gcreis(D), and the polynomial:
agD™" +a DA+ +a, D8+ poD’ + pD® +...+ pgD+ p;

yields aremainder equal to O when divided by gcres(D).

ETSI
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The bits after CRC attachment are denoted by by, by, b,, bs,...,bg_;, where B = A+ L. The relation between ax and by is:
b, =a, fork=0,1,2,..., A1

b, = Pr_a fork=A, A+1, A+2,..., A+L-1.

5.1.2 Code block segmentation and code block CRC attachment

Theinput bit sequence to the code block segmentation is denoted by by, by, b,,bs,...,bg_;, where B> 0. If Bislarger

than the maximum code block size Z, segmentation of the input bit sequence is performed and an additional CRC
sequence of L = 24 bitsis attached to each code block. The maximum code block sizeis:

- Z=6144.
If the number of filler bits F calculated below is not O, filler bits are added to the beginning of the first block.
Notethat if B < 40, filler bits are added to the beginning of the code block.
Thefiller bits shall be set to <NULL> at the input to the encoder.
Total number of code blocks C is determined by:
if B<Z
L=0
Number of code blocks: C =1
B'=B
else
L=24
Number of code blocks: C=[B/(Z-L)].
B'=B+C-L
end if

The bits output from code block segmentation, for C # 0, are denoted by €, C,1,C;,C3,--- Cy(k, -1) » Wherer isthe
code block number, and K; is the number of bits for the code block number r.

Number of bitsin each code block (applicable for C # 0 only):
First segmentation size: K, = minimum K intable 5.1.3-3 suchthat C-K > B’
if C=1
the number of code blocks with length K, is C, =1, K_ =0, C_=0
elseif C>1

Second segmentation size: K_= maximum K in table 5.1.3-3 such that K <K,

AK =K+_K7

. C-K,-PB
Number of segmentsof sizeK_: C_ = {;J )

Ag
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Number of segmentsof sizeK,: C, =C-C_.

end if

Number of filler bits: F=C, -K, +C_-K_-B’

fork=0toF-1 -- Insertion of filler bits
Cox =< NULL >

end for

k=F

s=0

forr=0toC-1

if r<C_

end if

while k<K, —L
Crc =D
k=k+1
s=s+1

end while

if C>1

The sequence c,, ¢y, ¢z, Cra...-, G (x, 1) 1S Used to calculate the CRC parity bits p,q, pyy, Prose Pr(i)

according to section 5.1.1 with the generator polynomial gcreo4s(D). For CRC calculation it is
assumed that filler bits, if present, have the value O.

whilek < K,

Gk = Pr(k+L-K,)
k=k+1
end while
end if
k=0

end for
5.1.3 Channel coding

The bit sequence input for a given code block to channel coding is denoted by ¢y, ¢;,C,, C3,...,Cx_1, Where K isthe
number of bits to encode. After encoding the bits are denoted by d(()i) , dl(i) ,d S) , dg) yoer @ g)_l , where D is the number of

encoded bits per output stream and i indexes the encoder output stream. The relation between ¢, and dlf) and between
K and D is dependent on the channel coding scheme.

The following channel coding schemes can be applied to TrCHs:

ETSI
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Usage of coding scheme and coding rate for the different types of TrCH is shown in table 5.1.3-1. Usage of coding
scheme and coding rate for the different control information typesis shown in table 5.1.3-2.

The values of D in connection with each coding scheme:

turbo coding with rate 1/3: D =K + 4.

tail biting convolutional coding with rate 1/3: D = K;

The range for the output stream index i is0, 1 and 2 for both coding schemes.

Table 5.1.3-1: Usage of channel coding scheme and coding rate for TrCHSs.

TrCH Coding scheme | Coding rate
UL-SCH
DI;CS:SH Turbo coding 1/3
MCH
Tail biting
BCH convolutional 1/3
coding

Table 5.1.3-2: Usage of channel coding scheme and coding rate for control information.

Control Information Coding scheme | Coding rate
Tail biting
DCI convolutional 1/3
coding
CFI Block code 1/16
HI Repetition code 1/3
Block code variable
Tail bitin
uci convolutiogal 1/3
coding

5.1.3.1

Tail biting convolutional coding

A tail biting convolutional code with constraint length 7 and coding rate 1/3 is defined.

The configuration of the convolutional encoder is presented in figure 5.1.3-1.

Theinitial value of the shift register of the encoder shall be set to the values corresponding to the last 6 information bits
in the input stream so that the initial and final states of the shift register are the same. Therefore, denoting the shift

register of the encoder by s, S;, S, ..., S5, then theinitial value of the shift register shall be set to

Si = C(k-1-i)
Ck
» D » D » D » D » D » D

/L /L /L /L d{? G, = 133 (octal)

»1) >+ >1) >+ >
X X X x d® g, =171 (octal)

> >1) >4 > >
X X X ¥ 4? G, =165 (octal)

> > > O—

Figure 5.1.3-1: Rate 1/3 tail biting convolutional encoder.
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The encoder output streamsd(® , d and d{® correspond to the first, second and third parity streams, respectively as
shown in Figure 5.1.3-1.

5.1.3.2 Turbo coding
5.1.3.2.1 Turbo encoder

The scheme of turbo encoder is a Parallel Concatenated Convolutional Code (PCCC) with two 8-state constituent
encoders and one turbo code internal interleaver. The coding rate of turbo encoder is 1/3. The structure of turbo
encoder isillustrated in figure 5.1.3-2.

The transfer function of the 8-state constituent code for the PCCC is:

amzﬁgﬁﬁ,
90(D)

where
go(D) = 1+ D?+ D?,
gi(D)=1+D + D3

Theinitial value of the shift registers of the 8-state constituent encoders shall be al zeros when starting to encode the
input bits.

The output from the turbo encoder is

dlgo) = Xy
dlgl) =2y
4@ =7,

for k=012,...,K-1.

If the code block to be encoded is the 0-th code block and the number of filler bits is greater than zero, i.e., F > 0, then
the encoder shall set ¢, =0, k=0,...,(F-1) a itsinput and shall set d{® =< NULL >, k=0,...,(F-1) and

d® =< NULL >, k=0,...,(F-1) at its output.

The bitsinput to the turbo encoder are denoted by ¢, ¢;,C5, C3,..., Cx_1, and the bits output from the first and second 8-
state constituent encoders are denoted by z,, 7, 2,, Z3,..., Zx s and 2, 23, 25, Z5,..., Zx 4 , respectively. The bits output

from the turbo code internal interleaver are denoted by ¢, ¢ ..., Ck _; , and these bits are to be the input to the second 8-
state constituent encoder.
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Xy

1st constituent encoder .

k

> »p——

A
Cx
}S ) » D » D » D
D

Output

Input
Turbo code internal i
interleaver 2nd constituent encoder Z

Output
> >\’—‘|: —>
Ci
@ » D » D » D
I
D

\ 4

Figure 5.1.3-2: Structure of rate 1/3 turbo encoder (dotted lines apply for trellis termination only).

5.1.3.2.2 Trellis termination for turbo encoder

Trellistermination is performed by taking the tail bits from the shift register feedback after all information bits are
encoded. Tail bits are padded after the encoding of information bits.

Thefirst three tail bits shall be used to terminate the first constituent encoder (upper switch of figure 5.1.3-2 in lower
position) while the second constituent encoder is disabled. The last three tail bits shall be used to terminate the second
congtituent encoder (lower switch of figure 5.1.3-2 in lower position) while the first constituent encoder is disabled.

The transmitted bits for trellis termination shall then be:

0 0 0 ’ 0 ’
d|(<) =Xk dr(<31 =Zk41s d|(<32 =Xk s dr(ds =Zkn

1 1 1) ’ 1 ’
d|(<) =Zy, dr(<)+1 = Xk+29 dr(<lz =2y d|(<)+3 = Xk42

2 2 2 ’ 2 ’
d|(<) =Xk d|(<31 =Zk42, d|(<32 = Xgk41, dr(<33 =Zky2
5.1.3.2.3 Turbo code internal interleaver

The bits input to the turbo code internal interleaver are denoted by ¢y, C;,...,Cx_; , Where K is the number of input bits.
The bits output from the turbo code internal interleaver are denoted by ¢y, ¢ ..., Ci _; -

The relationship between the input and output bitsis as follows:

Ci =Cn(), =0, 1,..., (K-1)
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where the relationship between the output index i and the input index T1(i) satisfies the following quadratic form:
(i) = (f, i+ f, 12 )JmodK
The parameters f; and f, depend on the block size K and are summarized in Table 5.1.3-3.

Table 5.1.3-3: Turbo code internal interleaver parameters.

K fi | fy | i K fi | T, [ K fi | Ty i K f. | f,
40 3 10 |48 | 416 | 25 | 52 | 95 | 1120 | 67 | 140 | 142 | 3200 | 111 | 240
48 7 12 |49 | 424 | 51 | 106 | 96 | 1152 | 35 | 72 | 143 | 3264 | 443 | 204
56 | 19 | 42 |50 | 432 | 47 | 72 | 97 [ 1184 | 19 | 74 | 144 | 3328 | 51 | 104
64 7 16 |51 | 440 | 91 | 110 | 98 | 1216 | 39 | 76 | 145 | 3392 | 51 | 212
72 7 18 |52 | 448 | 29 | 168 | 99 | 1248 | 19 | 78 | 146 | 3456 | 451 | 192
80 | 11 | 20 |53 | 456 | 29 | 114 | 100 | 1280 | 199 | 240 | 147 | 3520 | 257 | 220
88 5 22 |54 | 464 | 247 | 58 | 101 | 1312 | 21 | 82 | 148 | 3584 | 57 | 336
96 | 11 | 24 |55 | 472 | 29 | 118 | 102 | 1344 | 211 | 252 | 149 | 3648 | 313 | 228

104 | 7 26 |56 | 480 | 89 | 180 | 103 | 1376 | 21 | 86 | 150 | 3712 | 271 | 232
10 1112 | 41 | 84 | 57| 488 | 91 | 122 | 104 | 1408 | 43 | 88 | 151 | 3776 | 179 | 236
11 | 120 | 103 | 90 | 58 | 496 | 157 | 62 | 105 | 1440 | 149 | 60 | 152 | 3840 | 331 | 120
12 | 128 | 15 | 32 |59 | 504 | 55 | 84 | 106 | 1472 | 45 | 92 | 153 | 3904 | 363 | 244
131136 | 9 34 |60 | 512 | 31 | 64 | 107 | 1504 | 49 | 846 | 154 | 3968 | 375 | 248
14 1144 | 17 | 108 | 61 | 528 | 17 | 66 | 108 | 1536 | 71 | 48 | 155 | 4032 | 127 | 168
151152 | 9 38 | 62| 544 | 35 | 68 | 109 | 1568 | 13 | 28 | 156 | 4096 | 31 | 64

16 | 160 | 21 | 120 | 63 | 560 | 227 | 420 | 110 | 1600 | 17 | 80 | 157 | 4160 | 33 | 130
17 | 168 | 101 | 84 |64 | 576 | 65 | 96 | 111 | 1632 | 25 | 102 | 158 | 4224 | 43 | 264
18 1176 | 21 | 44 | 65| 592 | 19 | 74 | 112 | 1664 | 183 | 104 | 159 | 4288 | 33 | 134
19 1184 | 57 | 46 |66 | 608 | 37 | 76 | 113 | 1696 | 55 | 954 | 160 | 4352 | 477 | 408
20 1192 | 23 | 48 | 67 | 624 | 41 | 234 | 114 | 1728 | 127 | 96 | 161 | 4416 | 35 | 138
21 | 200 | 13 | 50 |68 | 640 | 39 | 80 | 115 | 1760 | 27 | 110 | 162 | 4480 | 233 | 280
22 | 208 | 27 | 52 |69 | 656 | 185 | 82 | 116 | 1792 | 29 | 112 | 163 | 4544 | 357 | 142
23 | 216 | 11 | 36 | 70 | 672 | 43 | 252 | 117 | 1824 | 29 | 114 | 164 | 4608 | 337 | 480
24 | 224 | 27 | 56 | 71| 688 | 21 | 86 | 118 | 1856 | 57 | 116 | 165 | 4672 | 37 | 146
251232 | 8 | 58 | 72| 704 | 155 | 44 | 119 | 1888 | 45 | 354 | 166 | 4736 | 71 | 444
26 | 240 | 29 | 60 | 73| 720 | 79 | 120 | 120 | 1920 | 31 | 120 | 167 | 4800 | 71 | 120
27 | 248 | 33 | 62 | 74| 736 | 139 | 92 | 121 | 1952 | 59 | 610 | 168 | 4864 | 37 | 152
28 | 256 | 15 | 32 | 75| 752 | 23 | 94 | 122 | 1984 | 185 | 124 | 169 | 4928 | 39 | 462
29 | 264 | 17 | 198 | 76 | 768 | 217 | 48 | 123 | 2016 | 113 | 420 | 170 | 4992 | 127 | 234
30 | 272 | 33 | 68 |77 | 784 | 25 | 98 | 124 | 2048 | 31 | 64 | 171 | 5056 | 39 | 158
31280 | 103 | 210 |78 | 800 | 17 | 80 | 125 | 2112 | 17 | 66 | 172 | 5120 | 39 | 80

32 1288 | 19 | 36 | 79| 816 | 127 | 102 | 126 | 2176 | 171 | 136 | 173 | 5184 | 31 | 96

33 296 | 19 | 74 |80 | 832 | 25 | 52 | 127 | 2240 | 209 | 420 | 174 | 5248 | 113 | 902
34 | 304 | 37 | 76 |81 | 848 | 239 | 106 | 128 | 2304 | 253 | 216 | 175 | 5312 | 41 | 166
351312 | 19 | 78 |82 | 864 | 17 | 48 | 129 | 2368 | 367 | 444 | 176 | 5376 | 251 | 336
36 | 320 | 21 | 120 | 83 | 880 | 137 | 110 | 130 | 2432 | 265 | 456 | 177 | 5440 | 43 | 170
37 |328 | 21 | 82 |84 | 896 | 215 | 112 | 131 | 2496 | 181 | 468 | 178 | 5504 | 21 | 86

38 | 336 | 115 | 84 | 85| 912 | 29 | 114 | 132 | 2560 | 39 | 80 | 179 | 5568 | 43 | 174
39 | 344 | 193 | 86 |86 | 928 | 15 | 58 | 133 | 2624 | 27 | 164 | 180 | 5632 | 45 | 176
40 | 352 | 21 | 44 |87 | 944 | 147 | 118 | 134 | 2688 | 127 | 504 | 181 | 5696 | 45 | 178
41 | 360 | 133 | 90 | 88 | 960 | 29 | 60 | 135 | 2752 | 143 | 172 | 182 | 5760 | 161 | 120
42 | 368 | 81 | 46 |89 | 976 | 59 | 122 | 136 | 2816 | 43 | 88 | 183 | 5824 | 89 | 182
43 [ 376 | 45 | 94 |90 | 992 | 65 | 124 | 137 | 2880 | 29 | 300 | 184 | 5888 | 323 | 184
44 | 384 | 23 | 48 |91 | 1008 | 55 | 84 | 138 | 2944 | 45 | 92 | 185 | 5952 | 47 | 186
45 |1 392 | 243 | 98 |92 | 1024 | 31 | 64 | 139 | 3008 | 157 | 188 | 186 | 6016 | 23 | 94

46 | 400 | 151 | 40 | 93 | 1056 | 17 | 66 | 140 | 3072 | 47 | 96 | 187 | 6080 | 47 | 190
47 | 408 | 155 | 102 | 94 | 1088 | 171 | 204 | 141 | 3136 | 13 | 28 | 188 | 6144 | 263 | 480

OO NO|U|RWIN(FP| —
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5.1.4 Rate matching

5.14.1 Rate matching for turbo coded transport channels

The rate matching for turbo coded transport channels is defined per coded block and consists of interleaving the three
information bit streamsd(® , d” andd{? , followed by the collection of bits and the generation of acircular buffer as
depicted in Figure 5.1.4-1. The output bits for each code block are transmitted as described in section 5.1.4.1.2.

d© VO
K Sub-block K o
™ interleaver d
virtual circular
buffer
d® s VO . W . : &
ub-block K o Bit k Bit selection }
interleaver "1 collection and pruning

d? 5| Sub-block v
»
interleaver d

Figure 5.1.4-1. Rate matching for turbo coded transport channels.

The bit stream d? isinterleaved according to the sub-block interleaver defined in section 5.1.4.1.1 with an output

sequence defined as v, v{” ,v”,..., vi¢) | and whereKy; is defined in section 5.1.4.1.1.

The bit stream dlﬁl) isinterleaved according to the sub-block interleaver defined in section 5.1.4.1.1 with an output

sequence defined asV(()l) , Vl(l) , Vgl) Vf<ll)1 -1

The bit stream dlﬁz) isinterleaved according to the sub-block interleaver defined in section 5.1.4.1.1 with an output

sequence defined asV(()z) , sz) ) ng) V}(<211 -1°

The sequence of bits g, for transmission is generated according to section 5.1.4.1.2.

51411 Sub-block interleaver

The bitsinput to the block interleaver are denoted by d{’,d",d{’,...,d$), , where D is the number of bits. The output
bit sequence from the block interleaver is derived as follows:

(1) Assign CLS 0 = 3210 be the number of columns of the matrix. The columns of the matrix are numbered 0, 1,
2,...,C3% 0k —1from Ieft to right.

(2) Determine the number of rows of the matrix Ryg e » by finding minimum integer R;(:bblock such that:
C C
D< (R;Lbblock X C;—ubblock)
The rows of rectangular matrix are numbered 0, 1, 2,..., RIS, —1from top to bottom,

(3) If (R;JCbUOCk XC;Cbmek )> D y then ND = (R;%block XC;Cbmek - D) dummy bItS are pajded SJCh that yk = <NU LL>
fork=0,1,...,No- 1. Then, yy .« = df) ,k=0,1,..., D-1, and the bit sequence i is written into the

(R;Cbblock X C G iock ) matrix row by row starting with bit yo in column 0 of row 0:
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Yo Y Y yC;%m ock—1
TC TC TC TC
stupu ock stubp| ock+1 stubp| ock+2 y205ubp| ock—1
y( Ribblock~DXCibblock y( Ribblock ~)XCibblock +1 y( Rabblock ~DXCibblock +2 y( R {Bblock*Caipblock 1)

For d{® andd®:

(4) Perform the inter-column permutation for the matrix based on the pattern(P(j )) A that is shown in

table 5.1.4-1, where P(j) isthe original column position of the j-th permuted column. After permutation of the
columns, the inter-column permuted (R;%block xc;%b,ock) matrix is equal to

Yr(0) Yp@) Yr(2) " Y (€I ok D)

TC TC TC TC TC
yF’( 0)+Caubblock yP(1)+(}mbb| ock yP( 2)+Caubblock yP(Csubbl ock ~D+Caubblock

y TC TC y TC TC y TC TC Y, ATC TC TC
P(0)+(Rsybblock ~DXCsubblock P(D+(Raubblock “DXCaublock P(2)+(Rabblock ~D*Csubblock P(Csubblock —1)+(Raubblock ~D*Caubblock

(5) The output of the block interleaver is the bit sequence read out column by column from the inter-column

permuted (R;%block xc;%bmck)matrix. The bits after sub-block interleaving are denoted by v’ ,v{ ,v{) vfg1 o

i i 1C TC
, where v correspondsto yp Vi to YopclSyy - AdKn = (Rﬂ.lbblock XCsubeock)'
For d,Ez) :

(4) The output of the sub-block interleaver is denoted by v{? ,v{? v ..., Vl(<211 . where v{? =y, and where

TC

k
(k= PQ—D +C I8 ock X (k mod RY G piock )+ 1|mod Ky,
bblock

The permutation function P is defined in Table 5.1.4-1.

Table 5.1.4-1 Inter-column permutation pattern for sub-block interleaver.

Number of columns Inter-column permutation pattern
TC TC
Caubblock < P(0), P(D),..., P(Caipiock —1) >
32 <0, 16, 8, 24, 4, 20, 12, 28, 2, 18, 10, 26, 6, 22, 14, 30,
1,17,9, 25, 5, 21, 13, 29, 3, 19, 11, 27, 7, 23, 15, 31 >
5.14.1.2 Bit collection, selection and transmission

Thecircular buffer of length K, = 3K{; for ther-th coded block is generated as follows:
Wk:vﬁo) fork=0,..., Ky -1
M fork=0,.., Ky -1

Wip+2k = Vi

WKn+2k+l =V‘£2) fOI’ k: O,..., KH _1

Denote the soft buffer size for the transport block by Nir bits and the soft buffer size for the r-th code block by Ng, bits.
The size Ny, is obtained as follows, where C is the number of code blocks computed in section 5.1.2:
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~Ng = min&%J, ij for DL-SCH and PCH transport channels
- Ny =K, for UL-SCH and M CH transport channels

where Nir isequal to:

Nsoft
Nig = i
Kc ’ KMIMO ’ mm(M DL_HARQ M Iimit)
where:

If the UE signals ue-Category-v1020, and is configured with transmission mode 9, or is configured with transmission
mode 3 or transmission mode 4 and the higher layer parameter maxLayersMIMO-r10 is configured to fourLayers for the
DL cell, N« is the total number of soft channel bits [4] according to the UE category indicated by ue-Category-v1020
[6]. Otherwise, N« is the total number of soft channel bits [4] according to the UE category indicated by ue-Category

[6].
If Ngoft = 35982720,
Kc=5,

elsaif Neort = 3654144 and the UE is capable of supporting no more than a maximum of two spatial layers for the DL
cell,

Ke =2
else

Ke =1
End if.

Kmimo isequal to 2 if the UE is configured to receive PDSCH transmissions based on transmission modes 3, 4, 8 or 9 as
defined in section 7.1 of [3], and is equal to 1 otherwise.

MbL_Harg is the maximum number of DL HARQ processes as defined in section 7 of [3].
Miimit IS a constant equal to 8.

Denoting by E the rate matching output sequence length for the r-th coded block, and rviax the redundancy version
number for this transmission (rviex = 0, 1, 2 or 3), the rate matching output bit sequenceis g, k=0,1,..., E-1.

Define by G the total number of bits available for the transmission of one transport block.
SetG'=G/(N, -Q,,) where Qmisequal to 2 for QPSK, 4 for 16QAM and 6 for 64QAM, and where
- For transmit diversity:
- N.isequal to 2,
- Otherwise:
- N_isegual to the number of layers atransport block is mapped onto
Set ¥ =G modC , where C isthe number of code blocks computed in section 5.1.2.
if r<C-yp-1
setE=N,_-Q, |G’/C]
else

setE=N, -Q, [G’/C]
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end if

N
Setky = RIS o {ZLSR?wa Vg, + ZJ , where RIS, . isthe number of rows defined in section 5.1.4.1.1.
'subblock

Setk=0andj=0
while{ k<E}

i Wi+ jymodng, #< NULL >

G = Wiko+i)mod Ney
k=k+1
end if
j=j+1
end while

5.1.4.2 Rate matching for convolutionally coded transport channels and control
information

The rate matching for convolutionally coded transport channels and control information consists of interleaving the
three bit streams, d(?, d and d{?, followed by the collection of bits and the generation of acircular buffer as
depicted in Figure 5.1.4-2. The output bits are transmitted as described in section 5.1.4.2.2.

(0) (0)
dy Subblock | Vi |
> interleaver d
virtual circular
buffer
d® s vO , W , , &
; ub-block [ Bit k Bit selection
interleaver 7| collection and pruning )
2 (2)
d? Sub-block | VK o
> interleaver d

Figure 5.1.4-2. Rate matching for convolutionally coded transport channels and control information.

The bit stream dlﬁo) isinterleaved according to the sub-block interleaver defined in section 5.1.4.2.1 with an output

sequence defined as v, v{% ,v{? ..,v | and where Ky, is defined in section 5.1.4.2.1.

The bit stream d " isinterleaved according to the sub-block interleaver defined in section 5.1.4.2.1 with an output
sequence defined asvg ,vi? v v .

The bit stream dlﬁz) isinterleaved according to the sub-block interleaver defined in section 5.1.4.2.1 with an output
sequence defined asv(? ,v{? v ,...,.v?

VKp-1-

The sequence of bits g, for transmission is generated according to section 5.1.4.2.2.
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5.14.2.1 Sub-block interleaver

The bitsinput to the block interleaver are denoted by d§’,d{",d{’,...,d$), , where D is the number of bits. The output
bit sequence from the block interleaver is derived as follows:

(1) AssignCSEy . = 32to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1,
2,...,CS8 o —1from left to right.

(2) Determine the number of rows of the matrix RS . » by finding minimum integer R$S, . Such that:

cc cc
D= (Rsubblock X Ciblock )

CC

The rows of rectangular matrix are numbered 0, 1, 2,..., Ry 0 —1from top to bottom.

3) 11 (RS0 XC o0 )> D+ then Ny = (RS0 XC o0 — D) dummy bits are padded such that yi = <NULL>
fork=0,1,...,No- 1. Then, yy .« = d” k=01,...,D-1, and the bit sequence yi is written into the

( Chlock xCSJ%b,ock) matrix row by row starting with bit yo in column 0 of row 0:

Yo Y1 \Z) Yecc 4
subblock
Y.cc Y.cc Y.cc y
Csubblock Caubblock 1 Caubblock *2 ] 2C5ubb|ock -1

Y occ Y, occ Y, cc =Y cc
(Repblock l)Xcsubeock (Rebbiock l)Xcsubblock +1 T (Reppiock l)XCwbeock+2 (Reupblock <C subblock -1

(4) Perform the inter-column permutation for the matrix based on the pattern (P(j )) b o] that is shown in

table 5.1.4-2, where P(j) isthe origina column position of the j-th permuted column. After permutation of the
columns, the inter-column permuted (Rs%buock wabbmk) matrix is equal to

YpP(0) Yp) YpP(2) yp(cg%block_l)
yP(O) LcSC Yomyecce Yo2y:cSe Ypcce 1+¢SC
Csubblock (D+Cslbblock (2)+Csiibblock (Csubblock ~D+Csbblock
yP(0)+( RS Bblock ~DXCSblock yP(1)+( RS Bblock~DXCSblock Ye (2)+(RSEblock~DXCSblock yP(CsCu%bl ock~D+(RS ik “DXCSBblock

(5) The output of the block interleaver is the bit sequence read out column by column from the inter-column

permuted (Rﬁﬁbmok XCSE ok )matrix. The bits after sub-block interleaving are denoted by v’ ,v® v() (K') L

i i CC CcC
where v{ correspondsto Yp(0) v to Yo(opscSeyn and Ky = (Rsubblock wabb,ock)

Table 5.1.4-2 Inter-column permutation pattern for sub-block interleaver.

Number of columns Inter-column permutation pattern
Csubblock < P(0), P(D).... P(Csubblock -1)>
32 <1,17,9, 25,5, 21, 13, 29, 3, 19, 11, 27, 7, 23, 15, 31,
0, 16, 8, 24, 4, 20, 12, 28, 2, 18, 10, 26, 6, 22, 14, 30 >

Thisblock interleaver is also used in interleaving PDCCH modulation symbols. In that case, the input bit sequence
consists of PDCCH symbol quadruplets[2].

5.1.4.2.2 Bit collection, selection and transmission

The circular buffer of length K, =3K; is generated as follows:

Wk—vﬁo) fork=0,..., Ky -1
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W =V fork=0,..., Ky -1

W sk =V fork=0,..., Ky -1

Denoting by E the rate matching output sequence length, the rate matching output bit sequenceis ., k=0,1,..., E-1.
Setk=0andj=0
while{ k<E}

if Wjmoak, #< NULL >

€ = Wjmodk,,
k=k+1
end if
i=i+1
end while
5.1.5 Code block concatenation

The input bit sequence for the code block concatenation block are the sequences e, , for r =0,...,,C -1 and
k=0,...,E, —1. The output bit sequence from the code block concatenation block is the sequence f, for
k=0.,..,G-1.

The code block concatenation consists of sequentially concatenating the rate matching outputs for the different code
blocks. Therefore,

Set k=0and r=0
while r < C
Set j=0
while j <E,
fk:e,j
k=k+1
j=j+1
end while
r=r+l1

end while

5.2 Uplink transport channels and control information

521 Random access channel

The sequence index for the random access channel is received from higher layers and is processed according to [2].
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5.2.2 Uplink shared channel
Figure 5.2.2-1 shows the processing structure for the UL-SCH transport channel on one UL cell. Data arrives to the
coding unit in the form of a maximum of two transport blocks every transmission time interval (TTI) per UL cell. The
following coding steps can be identified for each transport block of an UL cell:

— Add CRC to the transport block

—  Code block segmentation and code block CRC attachment

— Channel coding of dataand control information

— Rate matching

—  Code block concatenation

— Multiplexing of dataand control information

—  Channdl interleaver

The coding steps for one UL-SCH transport block are shown in the figure below. The same general processing applies
for each UL-SCH transport block on each UL cell with restrictions as specified in [3].
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ao,al ,...,aA_l l
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Code block segmentation
Code block CRC attachment

€r05 61 7"'7Cr(K,. —l) v

Channel coding

) o, ]
RI RI RI
Rate matching %" o | o A
|
[0, 0 Oo4] : [OOACK 01ACK | ngcli,l]
€05,6r1 5+, E,.-1) v V : ___&___I ___j___
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Data and Control multiplexing : :
| |
| |
| |
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Channel Interleaver

i }b’hl"“’thL«QRl -1

Figure 5.2.2-1: Transport block processing for UL-SCH.

5.2.2.1 Transport block CRC attachment
Error detection is provided on each UL-SCH transport block through a Cyclic Redundancy Check (CRC).

The entire transport block is used to calculate the CRC parity bits. Denote the bits in a transport block delivered to layer
lbyagy,a,a,,8;,...,a, 1, and the parity bits by pg, P1, P2, P3.-- PL_1- Aisthe size of the transport block and L isthe

number of parity bits. The lowest order information bit ag is mapped to the most significant bit of the transport block as
defined in section 6.1.1 of [5].

The parity bits are computed and attached to the UL-SCH transport block according to section 5.1.1 setting L to 24 bits
and using the generator polynomial gcrczaa(D).

5.2.2.2 Code block segmentation and code block CRC attachment

The bits input to the code block segmentation are denoted by by, b;,b,,bs,...,bg_; where B isthe number of bitsin the
transport block (including CRC).

Code block segmentation and code block CRC attachment are performed according to section 5.1.2.
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The bits after code block segmentation are denoted by ¢, ¢, €1, C; 2, C,3,..-, C;(k, -1) » Wherer is the code block number
and K; isthe number of bitsfor code block number r.

5.2.2.3 Channel coding of UL-SCH
Code blocks are delivered to the channel coding block. The bitsin a code block are denoted by
Cr0+Cr1,Cr2,Craye G (k, —1) » Wherer isthe code block number, and K is the number of bitsin code block number r.

The total number of code blocks is denoted by C and each code block isindividually turbo encoded according to section
5.1.3.2.

After encoding the bits are denoted by dJ,d?,d9,df?.....d{}, ), withi = 0,1, and 2and where D, isthe number of

bits on thei-th coded stream for code block number r,i.e. D, =K, +4.

5224 Rate matching

Turbo coded blocks are delivered to the rate matching block. They are denoted by d{(,d?,d3,d%.....d{), _;), with

i =01,and 2, and where r is the code block number, i is the coded stream index, and D, isthe number of bitsin each

coded stream of code block number r. The total number of code blocks is denoted by C and each coded block is
individually rate matched according to section 5.1.4.1.

After rate matching, the bits are denoted by €,,€,1,€2,€3,--.,& (g 1), Wherer isthe coded block number, and where
E, isthe number of rate matched bits for code block number r.
5225 Code block concatenation

The bits input to the code block concatenation block are denoted by €,4,€1,€5,€3,-..,& (g, 1) for r=0,...,C-1 and
where E, isthe number of rate matched bits for the r-th code block.

Code block concatenation is performed according to section 5.1.5.

The bits after code block concatenation are denoted by f,, f;, f,, f5,..., fg_; , where G isthe total number of coded bits
for transmission of the given transport block over N, transmission layers excluding the bits used for control
transmission, when control information is multiplexed with the UL-SCH transmission.

5.2.2.6 Channel coding of control information

Control data arrives at the coding unit in the form of channel quality information (CQI and/or PMI), HARQ-ACK and
rank indication. Different coding rates for the control information are achieved by allocating different number of coded
symbols for its transmission. When control data are transmitted in the PUSCH, the channel coding for HARQ-ACK,
rank indication and channel quality information oy, 0,,05,...,0o_; iSdone independently.

For TDD, the number of HARQ-ACK bitsis determined as described in section 7.3 of [3].

When the UE transmits HARQ-ACK bits or rank indicator bits, it shall determine the number of coded modulation
symbols per layer Q' for HARQ-ACK or rank indicator as follows.

For the case when only one transport block is transmitted in the PUSCH conveying the HARQ-ACK bits or rank
indicator bits:

PUSCH —initial PUSCH —initial PUSCH
OF Msc ’ Nsymb 'ﬁoﬁset 4. M PUseH
1 sc

Cc-1
> K,
r=0

Q' =min
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where O isthe number of HARQ-ACK bits or rank indicator bits, M Z”S°" is the scheduled bandwidth for PUSCH
transmission in the current sub-frame for the transport block, expressed as a number of subcarriersin [2], and

NSF;%?,CH M3 ;s the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the same transport
block, respectively, given by NFUSCHnta _ (5 (NUL 1) N...), where N 4. isequal to 1 if UE transmits PUSCH
symb symb SRS SRS

and SRS in the same subframe for initial transmission, or if the PUSCH resource allocation for initial transmission even
partially overlaps with the cell-specific SRS subframe and bandwidth configuration defined in section 5.5.3 of [2], or if
the subframe for initial transmission is a UE-specific type-1 SRS subframe as defined in Section 8.2 of [3]. Otherwise

N g isequal to 0. M 2VSH-na " C and K, are obtained from theinitial PDCCH for the same transport block. If

thereis no initia PDCCH with DCI format O for the same transport block, M 2YSeH -t " C and K, shall be
determined from:

— the most recent semi-persistent scheduling assignment PDCCH, when the initial PUSCH for the same transport
block is semi-persistently scheduled, or,

— the random access response grant for the same transport block, when the PUSCH isinitiated by the random
access response grant.

For the case when two transport blocks are transmitted in the PUSCH conveying the HARQ-ACK bits or rank indicator
bits:

Q= max[min(Q{am, 4.\M PUSCH ) Qan] with

0. MPUSCH initial (1) NPUSCH initial (1) MPUSCH initial (2) NPUSCH initial (2) ﬂPUSCH

Qtemp: C(l) -1 (2)
Z Kr(l) . M;USCH —initial (2) N;L#]ECH—lnltlal(Z) + Z Kr(Z) . M;USCH —initial (1) N;L%%CH —initial (2)
r=0 r=0

where O isthe number of HARQ-ACK bits or rank indicator bits, Q;, =O if 0<2,Q, =[20/Q;, | if 3<0<11
with Q, = mm(Qm,Qm) where QX x = {1,2} isthe modulation order of transport block “x”, and

Qin =120, 1Q;, |+[20,1Q;, | if 0>11 with O, =[0/2] and O, =0 -[0O/2]. MLUSCHNUE) 'y — 124 arethe
scheduled bandwidths for PUSCH transmission in the initial sub-frame for the first and second transport block,
respectively, expressed asanumber of subcarriersin [2], and N&P-™ ™M@, x = {12} are the number of SC-FDMA
symbols per subframe for initial PUSCH transmission for the first and second transport block given by
NPUSHN00 (5. (NS, —1)- NG x= {12 , where N§%, x={12} isequal to 1if UE transmits PUSCH and

SRS in the same subframe for |n|t|al transmission of transport block “X”, or if the PUSCH resource allocation for initial
transmission of transport bock “x” even partially overlaps with the cell- specific SRS subframe and bandwidth
configuration defined in section 5.5.3 of [2] , or if the subframe for initial transmission of transport block “X” isa UE-

specific type-1 SRS subframe as defined in Section 8.2 of [3]. Otherwise Né’é’s, x={12} isequal toO.
M PUSEHANEl (0 [y — 2 ™ x={1,2} ,and K®,x={1,2} are obtained from the initial PDCCH for the
corresponding transport block.

For HARQ-ACK, Q. =Q,, and ,BPUSCH _IBHARQ_ACK

offeet , where Q,,isthe modulation order of agiven

HARQ-ACK

transport block, and ,B shall be determined according to [3] depending on the number of transmission

codewords for the corresponding PUSCH.
For rank indication, Qg = Q.- Q" and Sros" = BE., . whereQ, isthe modulation order of agiven transport

block, and ﬂoﬁsa shall be determined according to [3] depending on the number of transmission codewords for the
corresponding PUSCH.

For HARQ-ACK
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— Each positive acknowledgement (ACK) is encoded asabinary ‘1’ and each negative acknowledgement
(NACK) isencoded asabinary ‘0’

- If HARQ-ACK feedback consists of 1-hit of information, i.e., [0{¥ ], it isfirst encoded according to Table
5.2.2.6-1.

— If HARQ-ACK feedback consists of 2-bits of information, i.e., [06*CK olACK] with Og\CK corresponding to

HARQ-ACK hit for codeword 0 and 01ACK corresponding to that for codeword 1, or if HARQ-ACK feedback

consists of 2-bits of information as a result of the aggregation of HARQ-ACK bits corresponding to two DL
cells with which the UE is configured by higher layers, or if HARQ-ACK feedback consists of 2-bits of

information corresponding to two DL subframes for TDD, it isfirst encoded according to Table 5.2.2.6-2

where 07 = (0§ + 0/ )mod 2.

Table 5.2.2.6-1: Encoding of 1-bit HARQ-ACK.

Qm Encoded HARQ-ACK
2 [05° y]

4 [05™ yxX]

6 [08 yxxxX]

Table 5.2.2.6-2: Encoding of 2-bit HARQ-ACK.

Qm Encoded HARQ-ACK
2 ACK _ACK . ACK _ACK _ACK _ACK
[og "0 0, 0g 0 0, ]
4 [OOACK OlACK X X OZACK OOACK X XolACK OZACK X X]
6 ACK _ ACK ACK _ ACK ACK  ACK

[0 0" XXXX 05377 0" XXXX 0] " 05" XXXX]

- If HARQ-ACK feedback consistsof 3< O*“® <11 hits of information asaresult of the aggregation of HARQ-

ACK bits corresponding to one or more DL cells with which the UE is configured by higher layers, i.e,
ACK _ ACK ACK

057 07" ,...,05%E _, . then a coded bit sequence Gy ™ G;"“" ..., G is obtained by using the bit sequence
05K oK '---'OQECKK,l as the input to the channel coding block described in section 5.2.2.6.4. In turn, the bit
sequence g, ", a5 ...a4es ; is obtained by the circular repetition of the bit sequence
ag g% ..., G sothat the total hit sequence length is equal to Qack -

- If HARQ-ACK feedback consists of 11< O”“® <20 bits of information as a result of the aggregation of

HARQ-ACK hits corresponding to one or more DL cells with which the UE is configured by higher layers, i.e.,
ACK _ ACK ACK

057 0f ™ ..., 055E _, » then the coded bit sequence g™, ™", ;% ..., g5, 1 is obtained by using the bit
sequence 05 o/ ..., OQECKK _, astheinput to the channel coding block described in section 5.2.2.6.5.

The“x” and “y” in Table 5.2.2.6-1 and 5.2.2.6-2 are placeholders for [2] to scramble the HARQ-ACK bitsin a way that
maximizes the Euclidean distance of the modulation symbols carrying HARQ-ACK information.

For FDD or TDD HARQ-ACK multiplexing when HARQ-ACK consists of one or two bits of information, the bit
sequence o<, g* ™, 5 ..., 4w 1 is obtained by concatenation of muitiple encoded HARQ-ACK blocks where
Qack isthetotal number of coded bits for all the encoded HARQ-ACK blocks. The last concatenation of the encoded

HARQ-ACK block may be partial so thet the total bit sequence length is equal to Qack -
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For FDD when HARQ ACK consists of 2 or more bits of information as a result of the aggregation of more than one
DL cell, the bit sequence 0, of' ™" ..., 00%¢ _, isthe resuit of the concatenation of HARQ-ACK bits for the muitiple

DL cells according to the following pseudo-code:
Set ¢ = 0 —cell index: lower indices correspond to lower RRC indices of corresponding cell
Setj = 0—HARQ-ACK bit index

Set N s to the number of cells configured by higher layers for the UE

whilec < N2
if transmission mode configured in cell ce {1,2,5,6,7} — 1 bit HARQ-ACK feedback for this cell
0™ = HARQ-ACK bit of this cell
i=i+1
else

0/*“ = HARQ-ACK bit corresponding to the first codeword of this cell

j=j+1
0™ = HARQ-ACK bit corresponding to the second codeword of this cell
j=j+1
end if
c=c+1
end while

For TDD when HARQ ACK isfor the aggregation of one or more DL cells and the UE is configured with PUCCH
Format 3 [3], the bit sequence 0™ of ™" ,...,0/%& _ isthe resut of the concatenation of HARQ-ACK bits for the one

or more DL cells configured by higher layers and the multiple subframes as defined in [3]..

Define NoDeILIs as the number of cells configured by higher layers for the UE and BCD - asthe number of downlink
subframes for which the UE needs to feedback HARQ-ACK bits as defined in Section 7.3 of [3].

The number of HARQ-ACK bits for the UE to convey if it is configured with PUCCH Format 3 is computed as follows:
Set k = 0 — counter of HARQ-ACK bits

Set c=0— cell index: lower indices correspond to lower RRC indices of corresponding cell
whilec < N2
setl =0;
whilel < B
if transmission mode configured in cell ce {1,2,5,6,7} -- 1 bit HARQ-ACK feedback for this cell
k=k+1
else

k=k+2
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end if
[=1+1
end while
c=c+1
end while
If k < 20, the multiplexing of HARQ-ACK bitsis performed according to the following pseudo-code:
Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell
Setj = 0— HARQ-ACK hit index

whilec< N2

set1=0;
whilel < B

if transmission mode configuredin cell ce {1,25,6,7} -- 1 bit HARQ-ACK feedback for this cell

0,/ =0[™ HARQ-ACK bit of this cell as defined in Section 7.3 of [3]

j=j+1
else
[6/,0/5 1 =[0f5" 0055 ] HARQ-ACK bitsof this cell as defined in Section 7.3 of [3]
j=j+2
end if
| =1+1
end while
c=c+1
end while

If k > 20, spatial bundling is applied to al subframesin al cells and the multiplexing of HARQ-ACK bitsis performed
according to the following pseudo-code

Set ¢ = 0— cell index: lower indices correspond to lower RRC indices of corresponding cell
Setj =0-HARQ-ACK bit index

whilec< N2

set1=0;
whilel < B

if transmission mode configured in cell ce {1,2)5,6,7} — 1 bit HARQ-ACK feedback for this cell
0/ = 0™ HARQ-ACK bit of this cell as defined in Section 7.3 of [3]

J

j=i+1
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else

GJ-ACK = ACK binary AND operation of the HARQ-ACK bits corresponding to the first and second

codevvords of this cell asdefined in Section 7.3 of [3]
j=j+1
end if
I=1+1
end while
c=c+1
end while

For o"* <11, the hit sequence of°¥ o/*¥ ..., OQ%K _, isobtained by setting o =g "

For 11< 0" < 20, the bit sequence 0™ of*™,..., 0% | isobtained by setting 0/j5" = 6" if i iseven and

ACK _ = ACK
O(oACK/ﬂJr(i-l)/z =0"" ifiisodd.

For TDD when HARQ ACK isfor the aggregation of two DL cells and the UE is configured with PUCCH format 1b

with channel selection, the bit sequenceoy ™ of ..., 05%¢ _, is obtained as described in section 7.3 of [3].
~ACK ~ACK ~ACK ~ ACK

For TDD HARQ-ACK bundling, a bit sequence 0,

multiple encoded HARQ-ACK blocks where Qcx isthe total number of coded bits for all the encoded HARQ-ACK
blocks. Thelast concatenation of the encoded HARQ-ACK block may be partial so that the total bit sequence lengthis

equal toQacx - A scrambling sequence [WACK ACK WK wig K ] isthen selected from Table 5.2.2.6-A with index

a0 . ,qQ 1 is obtained by concatenation of

I = (Nbundled —1)mod4, where N,y IS determined as described in section 7.3 of [3]. The bit sequence

a6, af ", a2 ..., bS5 4 isthen generated by setting M= 1 if HARQ-ACK consists of 1-bit and m= 3 if

HARQ-ACK consists of 2-bits and then scrambling Gy ™, &, 0, ..., Qg _, asfollows

Seti ,ktoO
while i < Qack
it " =y /I place-holder repetition bit

ACK

g™ (q,AfK +vv[k,mj)mod2
k=(k+2)mod4m

else
it G" =X // aplace-holder bit

~ ACK

q‘ - ql
else /I coded bit
inc ( ACK Wﬁ% | )mod 2

k=(k+2)mod4m
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end if
i=i+1

end while

Table 5.2.2.6-A: Scrambling sequence selection for TDD HARQ-ACK bundling.

i lW()ACK \NlACK WZACK W3ACK J
[1111]
[1010]
[1100]
[1001]

WIN(F|O

When HARQ-ACK information is to be multiplexed with UL-SCH at a given PUSCH, the HARQ-ACK information is

multiplexed in all layers of all transport blocks of that PUSCH, For a given transport block, the vector sequence output

of the channel coding for HARQ-ACK information is denoted by ngK , quK qgf:K .+ Where inCK ,
- — —N~ACK -

i =0,...,Qxcx —1 are column vectors of length (Q,,- N, ) and where Qo = Qack / Q,, is obtained as follows:
Seti ktoO
while i < Qaey

~ ACK ACK ACK

g, =[a"" ..a%q, 1] - temporary row vector
S S
9:\ K = [g: A C_i :CK ]T -- replicating the row vector c_i I’:CK NL times and transposing into a column vector
i=1+Qpn
k=k+1
end while

where N isthe number of layers onto which the UL-SCH transport block is mapped.

For rank indication (RI) (RI only, joint report of Rl and i1, and joint report of Rl and PTI)

— The corresponding bit widths for RI feedback for PDSCH transmissions are given by Tables 5.2.2.6.1-2,
5.2.2.6.2-3,5.2.2.6.3-3,5.2.3.3.1-3, 5.2.3.3.1-3A, 5.2.3.3.2-4, and 5.2.3.3.2-4A, which are determined
assuming the maximum number of layers as follows:

o If the UE is configured with transmission mode 9, and the supportedMIMO-CapabilityDL-r10 field is
included in the UE-EUTRA-Capability, the maximum number of layersis determined according to the
minimum of the configured number of CSI-RS ports and the maximum of the reported UE downlink
MIMO capabilities for the same band in the corresponding band combination.

o If the UE is configured with transmission mode 9, and the supportedMIMO-CapabilityDL-r10 field is
not included in the UE-EUTRA-Capability, the maximum number of layers is determined according to
the minimum of the configured number of CSI-RS ports and ue-Category.

o If the UE is configured with transmission mode 3 or transmission mode 4, and the maxLayersMIMO-
r10 field is included in the RRCConnectionReconfiguration for a DL cell, the maximum number of
layersis determined according to maxLayersMIMO-r10 for the DL cell.

0  Otherwise the maximum number of layersis determined according to the minimum of the number of
PBCH antenna ports and ue-Category.
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— |If RI feedback consists of 1-bit of information, i.e.

[05el ] to RI mappingisgiven by Table 5.2.2.6-5.

— If RI feedback consists of 2-bits of information, i.e., [05el olR' ] with O(? ! corresponding to MSB of 2-bit input

and 01Rl corresponding to LSB, it isfirst encoded
RI

o =(of +ol)mod2. The [of! of!] to RI mapping is given by Table 5.2.2.6-6.

Table 5.2.2.6-3: E

30

, [05el ], itisfirst encoded according to Table 5.2.2.6-3. The

according to Table 5.2.2.6-4 where

ncoding of 1-bit RI.

Qm Encoded RI
2 [05' V]

4 [og' yxX]
6 [0} yxxxx]

ETSI TS 136 212 V10.9.0 (2015-10)

Table 5.2.2.6-4: Encoding of 2-bit RI.

Om Encoded RI

: (F of'of of off o

4 [of off xx o off xxol! o} xx]

6 [of off xxxx of off xxxx off o} xxxx]

If RI feedback for agiven DL cell consists of 3-hits of information, i.e., [0} off oX' ] with OF corresponding

to MSB of 3-bit input and o} corresponding to LSB. The [of o o} ] to RI mapping is given by Table

Table 5.2.2.6-5: Oc?' to RI mapping.

Ogel RI
0 1
1 2

Table 5.2.2.6-6: 0(?' , 01Rl to RI mapping.

RI RI RI
0 . 0

ROk |O

i lai=ll=]

AIWIN|F-

Table 5.2.2.6-7: of , o, of to Rl mapping.

o
P

i =ll=l=1l=]
ol ladt=l =1 (==l
Rlolk|lolr|o|k|o] -

Og?l , 02RI

ONO|OR|WIN|F-
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5.2.2.6-7.

- If RI feedback consists of 3< QR <11 bits of information, i.e., [0} o ,... ], then a coded bit sequence

oRI -1

[a8 g .....G2 ] isobtained by using the bit sequence [of o ... ] astheinput to the channel coding

ORI

block described in section 5.2.2.6.4.

— If Rl feedback consistsof 11< O <15 bitsof information asaresult of the aggregation of RI bits corresponding

to multiple DL cells, i.e., [of 01R ], then the coded bit sequence dg' , a1 ,d5' ..., dGy, 4 isobtained

oR' -1

by using the bit sequence [05‘I ] as the input to the channel coding block described in section

oR' -1
5.2.2.6.5.

The“x” and “y” in Table 5.2.2.6-3 and 5.2.2.6-4 are placeholders for [2] to scramble the RI bitsin away that
maximizes the Euclidean distance of the modulation symbols carrying rank information.

For the case where RI feedback for more than one DL cell isto be reported, the RI report for each DL cell is
concatenated prior to coding in increasing order of cell index.

For the case where RI feedback consists of one or two bits of information the bit sequence qo , ql , q2 peees qQRI i i

obtained by concatenation of multiple encoded RI blocks where Qg isthe total number of coded bits for al the
encoded RI blocks. The last concatenation of the encoded RI block may be partial so that the total bit sequence length
isequal toQy, .

For the case where RI feedback consists of 3< QR <11bits of information, the bit sequence q0 ,q1 ,q2 - ,qQRI 1S

obtained by the circular repetition of the bit sequence q0 al . ,qgl' so that the total bit sequence length is equal to

QRI '

When rank information is to be multiplexed with UL-SCH at a given PUSCH, the rank information is multiplexed in all
layers of all transport blocks of that PUSCH. For a given transport block, the vector sequence output of the channel

coding for rank information is denoted by qg' ,qu' qg' iy where qiRI , i1 =0,...,Qf —1 are column vectors of
o 02 2R - A

length (Q,,,- N, ) and where Q& = Qg / Qn,. The vector sequenceis obtained as follows:
Seti,j, ktoO

while i < QR|

G, =[a™ ..q%, 4] - temporary row vector

N
/—/%

= [615' ---df' ]T -- replicating the row vector QE' N. times and transposing into a column vector

i=i+Qy
k=k+1
end while

where N, isthe number of layers onto which the UL-SCH transport block is mapped.

For channel quality control information (CQI and/or PMI denoted as CQI/PMI)
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When the UE transmits channel quality control information bits, it shall determine the number of modulation coded
symbols per layer Q" for channel quality information as

, (O + L) . M SlIzUSIZH —initial (x) | N;L;bSCH —initial (x) | OFf’fli;CH M i N PUSCH I(?>I<)
Q= c_1 s “Nymb T Q(X)
S m
r=0
<
where O isthe number of CQI/PMI bits, L isthe number of CRC bitsgivenby | = 0 Os 1_1 )
8 otherwise

Qe =QY - Q' and BESH = B \where BS2. shall be determined according to [3] depending on the number

of transmission codewords for the corresponding PUSCH. If RI is not transmitted then Qélx) =0

Thevariable“x” in Kr(x) represents the transport block index corresponding to the highest Imcs value indicated by the
initial UL grant. In case the two transport blocks have the same Iucs va ue in the corresponding initial UL grant, “x
=1, which corresponds to the first transport block. M ;USCH_mma'(x) , c™ ,and K,(X) are obtained from the initial
PDCCH for the same transport block. If thereis no initial PDCCH with DCI format O for the same transport block,

M PUSEHANEAC) " C09 and K™ shall be determined from:

— the most recent semi-persistent scheduling assignment PDCCH, when the initial PUSCH for the same transport
block is semi-persistently scheduled, or,

— the random access response grant for the same transport block, when the PUSCH isinitiated by the random
access response grant.

Nom ~MA 09 i the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the same

transport block.

For UL-SCH datainformation G= N (N;‘fbc“ M. QY — Qe — QY ) where N is the number of layersthe

corresponding UL-SCH transport block is mapped onto, M 2”5 is the scheduled bandwidth for PUSCH transmission

in the current sub-frame for the transport block, and N&p™" isthe number of SC-FDMA symbols in the current

PUSCH transmission sub-frame given by NEJSCH = (2- (N;ernb —1)— NSRS), where Ny isequal to 1 if UE transmits

PUSCH and SRS in the same subframe for the current subframe, or if the PUSCH resource allocation for the current
subframe even partially overlaps with the cell-specific SRS subframe and bandwidth configuration defined in section
5.5.3 of [2], or if the current subframe is a UE-specific type-1 SRS subframe as defined in Section 8.2 of [3]. Otherwise
N g isequal to 0.

In case of CQI/PMI report for more than one DL cell, 0y, 0;,05,...,00_; iS the result of concatenating the CQI/PMI
report for each DL cell inincreasing order of cell index.

— If the payload size is less than or equal to 11 bits, the channel coding of the channel quality informationis
performed according to section 5.2.2.6.4 with input sequence 0y, 0;,05,...,00_; -

—  For payload sizes greater than 11 bits, the CRC attachment, channel coding and rate matching of the channel
quality information is performed according to sections 5.1.1, 5.1.3.1 and 5.1.4.2, respectively. The input bit
sequence to the CRC attachment operation is 0y, 0;, 05,...,0o_1 - The output bit sequence of the CRC

attachment operation is the input bit sequence to the channel coding operation. The output bit sequence of the
channel coding operation is the input bit sequence to the rate matching operation.

The output sequence for the channel coding of channel quality information is denoted by q,.0;,d5,03,---, AN, Qoo 1
where N, isthe number of layers the corresponding UL-SCH transport block is mapped onto.
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5.2.26.1

Table5.2.2.6.1-1 and Table 5.2.2.6.1-1A show the fields and the corresponding bit widths for the channel quality
information feedback for wideband reports for PDSCH transmissions associated with transmission mode 4,
transmission mode 6, transmission mode 8 configured with PMI/RI reporting, and transmission mode 9 configured with
PMI/RI reporting with 2/4/8 antenna ports. N in Table 5.2.2.6.1-1 is defined in section 7.2 of [3].

Channel quality information formats for wideband CQI reports

Table 5.2.2.6.1-1: Fields for channel quality information feedback for wideband CQI reports
(transmission mode 4, transmission mode 6, transmission mode 8 configured with PMI/RI reporting,
and transmission mode 9 configured with PMI/RI reporting with 2/4 antenna ports).

Field Bit width
2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank > 1
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 0 4 0 4
Precoding matrix indicator 2N N 4N 4N

Table 5.2.2.6.1-1A: Fields for channel quality information feedback for wideband CQI reports
(transmission mode 9 configured with PMI/RI reporting with 8 antenna ports).

Field Bit width
Rank =1 Rank =2 Rank = 3 Rank =4
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 0 4 4 4
Wideband first PMI i1 4 4 2 2
Subband second PMI i2 4N 4N 4N 3N
Field Bit width
Rank =5 Rank = 6 Rank =7 Rank =8
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 4 4 4 4
Wideband first PMI il 2 2 2 0
Subband second PMI i2 0 0 0 0

Table 5.2.2.6.1-2 shows the fields and the corresponding bit width for the rank indication feedback for wideband CQI
reports for PDSCH transmissions associated with transmission mode 4, transmission mode 8 configured with PMI/RI
reporting, and transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports.

Table 5.2.2.6.1-2: Fields for rank indication feedback for wideband CQI reports
(transmission mode 4, transmission mode 8 configured with PMI/RI reporting, and transmission
mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports).

Bit width

Field

2 antenna ports

4 antenna ports

8 antenna ports

Max 2 layers

Max 4 layers

Max 2 layers

Max 4 layers

Max 8 layers

Rank indication

1

1

2

1

2

3

The channel quality bitsin Table 5.2.2.6.1-1 and Table 5.2.2.6.1-1A form the bit sequence 0, 0;,0,,...,05_3 With 0y
corresponding to the first bit of the first field in the table, 0, corresponding to the second bit of the first field in the
table, and o5_; corresponding to the last bit in the last field in the table. The field of PMI shall bein the increasing

order of the subband index [3]. The first bit of each field corresponds to MSB and the last bit LSB. The RI bits sequence
in Table 5.2.2.6.1-2 is encoded according to section 5.2.2.6.
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5.2.2.6.2 Channel quality information formats for higher layer configured subband CQI

reports

Table 5.2.2.6.2-1 shows the fields and the corresponding bit width for the channel quality information feedback for
higher layer configured report for PDSCH transmissions associated with transmission mode 1, transmission mode 2,
transmission mode 3, transmission mode 7, transmission mode 8 configured without PMI/RI reporting and transmission
mode 9 configured without PMI/RI reporting or configured with 1 antennaport. N in Table5.2.2.6.2-1 isdefined in
section 7.2 of [3].

Table 5.2.2.6.2-1: Fields for channel quality information feedback for higher layer configured subband
CQIl reports
(transmission mode 1, transmission mode 2, transmission mode 3, transmission mode 7,
transmission mode 8 configured without PMI/RI reporting, and transmission mode 9 configured
without PMI/RI reporting or configured with 1 antenna port).

Field Bit width
Wide-band CQI codeword 4
Subband differential CQI 2N

Table5.2.2.6.2-2 and Table 5.2.2.6.2-2A show the fields and the corresponding bit widths for the channel quality
information feedback for higher layer configured report for PDSCH transmissions associated with transmission mode 4,
transmission mode 5, transmission mode 6, transmission mode 8 configured with PMI/RI reporting, and transmission
mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports. N in Table 5.2.2.6.2-2 is defined in section 7.2 of
[3].

Table 5.2.2.6.2-2: Fields for channel quality information feedback for higher layer configured subband
CQIl reports
(transmission mode 4, transmission mode 5, transmission mode 6, transmission mode 8 configured
with PMI/RI reporting, and transmission mode 9 configured with PMI/RI reporting with 2/4 antenna

ports).
Field Bit width
2 antenna ports 4 antenna ports
Rank=1 | Rank =2 | Rank =1 | Rank > 1

Wide-band CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N

Wide-band CQI codeword 1 0 4 0 4
Subband differential CQI codeword 1 0 2N 0 2N

Precoding matrix indicator 2 1 4 4

Table 5.2.2.6.2-2A: Fields for channel quality information feedback for higher layer configured
subband CQI reports (transmission mode 9 configured with PMI/RI reporting with 8 antenna ports).

Bitwidth

Field Rank =1 | Rank =2 | Rank =3 [ Rank = 4
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Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMI i1 4 4 2 2
Subband second PMI i2 4 4 4 3
Field Bitwidth

Rank =5 | Rank =6 | Rank =7 | Rank =8
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 4 4 4 4
Subband differential CQI codeword 1 2N 2N 2N 2N
Wideband first PMI i1 2 2 2 0
Subband second PMI i2 0 0 0 0

Table 5.2.2.6.2-3 shows the fields and the corresponding bit width for the rank indication feedback for higher layer
configured subband CQI reports for PDSCH transmissions associated with transmission mode 3, transmission mode 4,
transmission mode 8 configured with PMI/RI reporting, and transmission mode 9 configured with PMI/RI reporting
with 2/4/8 antenna ports.

Table 5.2.2.6.2-3: Fields for rank indication feedback for higher layer configured subband CQI reports
(transmission mode 3, transmission mode 4, transmission mode 8 configured with PMI/RI reporting,
and transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports).

Bit width
Field 2 antenna ports 4 antenna ports 8 antenna ports
Max 2 layers | Max 4 layers | Max 2 layers | Max 4 layers | Max 8 layers
Rank indication 1 1 2 1 2 3

The channel quality bitsin Table 5.2.2.6.2-1, Table 5.2.2.6.2-2 and Table 5.2.2.6.2-2A form the bit sequence
0p,0;,05,...,00_1 With 0y corresponding to the first bit of the first field in each of the tables, 0, corresponding to the

second bit of the first field in each of the tables, and o5_; corresponding to the last bit in the last field in each of the

tables. Thefield of the PMI and subband differential CQI shall be in the increasing order of the subband index [3]. The
first bit of each field corresponds to MSB and the last bit LSB. The RI bits sequencein Table 5.2.2.6.2-3 is encoded
according to section 5.2.2.6.

5.2.2.6.3 Channel gquality information formats for UE selected subband CQI reports

Table 5.2.2.6.3-1 shows the fields and the corresponding bit widths for the channel quality information feedback for UE
selected subband CQI for PDSCH transmissions associated with transmission mode 1, transmission mode 2,
transmission mode 3, transmission mode 7, transmission mode 8 configured without PMI/RI reporting, and transmission
mode 9 configured without PMI/RI reporting or configured with 1 antennaport. L in Table 5.2.2.6.3-1 isdefined in
section 7.2 of [3].

Table 5.2.2.6.3-1: Fields for channel quality information feedback for UE selected subband CQI
reports
(transmission mode 1, transmission mode 2, transmission mode 3, transmission mode 7,
transmission mode 8 configured without PMI/RI reporting, and transmission mode 9 configured
without PMI/RI reporting or configured with 1 antenna port).

Field Bit width

Wide-band CQI codeword 4
Subband differential CQI 2
Position of the M selected subbands L

Table5.2.2.6.3-2 and Table 5.2.2.6.3-2A show the fields and the corresponding bit widths for the channel quality
information feedback for UE selected subband CQI for PDSCH transmissions associated with transmission mode 4,
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transmission mode 6, transmission mode 8 configured with PMI/RI reporting, and transmission mode 9 configured with
PMI/RI reporting with 2/4/8 antenna ports. L in Table 5.2.2.6.3-2 isdefined in section 7.2 of [3].

Table 5.2.2.6.3-2: Fields for channel quality information feedback for UE selected subband CQI
reports
(transmission mode 4, transmission mode 6, transmission mode 8 configured with PMI/RI reporting,
and transmission mode 9 configured with PMI/RI reporting with 2/4 antenna ports).

Field Bit width
2 antenna ports 4 antenna ports
Rank=1 | Rank =2 | Rank =1 | Rank > 1

Wide-band CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2 2 2 2
Wide-band CQI codeword 1 0 4 0 4
Subband differential CQI codeword 1 0 2 0 2
Position of the M selected subbands L L L L
Precoding matrix indicator 4 2 8 8

Table 5.2.2.6.3-2A: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 9 configured with PMI/RI reporting with 8 antenna ports).

Bit width
Field
Rank = | Rank = | Rank= | Rank= | Rank = | Rank= | Rank = | Rank =
1 2 3 4 5 6 7 8
Wide-band CQI codeword 0 4 4 4 4 4 4 4 4
Subband differential CQI > > > > 2 > 2 2
codeword O
Wide-band CQI codeword 1 0 4 4 4 4 4 4 4
Subband differential CQI 0 > > > 2 > 2 2
codeword 1
Position of the M selected L L L L L L L L
subbands
Wideband first PMI il 4 4 2 2 2 2 2 0
Wideband second PMI i2 4 4 4 3 0 0 0 0
Subband second PMI i2 4 4 4 3 0 0 0 0

Table 5.2.2.6.3-3 shows the fields and the corresponding bit widths for the rank indication feedback for UE selected
subband CQI reports for PDSCH transmissions associated with transmission mode 3, transmission mode 4, transmission
mode 8 configured with PMI/RI reporting, and transmission mode 9 configured with PMI/RI reporting with 2/4/8
antenna ports.

Table 5.2.2.6.3-3: Fields for rank indication feedback for UE selected subband CQI reports
(transmission mode 3, transmission mode 4, transmission mode 8 configured with PMI/RI reporting,
and transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports).

Bit width
Field 2 antenna ports 4 antenna ports 8 antenna ports
Max 2 layers | Max 4 layers | Max 2 layers | Max 4 layers | Max 8 layers
Rank indication 1 1 2 1 2 3

The channel quality bitsin Table 5.2.2.6.3-1, Table 5.2.2.6.3-2 and Table 5.2.2.6.3-2A form the bit sequence
0p,0;,05,...,00_3 With 0y corresponding to the first bit of thefirst field in each of the tables, 0, corresponding to the
second bit of the first field in each of the tables, and o5_; corresponding to the last bit in the last field in each of the

tables. The field of PMI shall start with the wideband PMI followed by the PMI for the M selected subbands. The first
bit of each field correspondsto MSB and the last bit LSB. The RI bits sequencein Table 5.2.2.6.3-3 is encoded
according to section 5.2.2.6.
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5.2.2.6.4 Channel coding for CQI/PMI information in PUSCH

The channel quality bits input to the channel coding block are denoted by 0q,04,05,03,...,00_1 Where O isthe
number of bits. The number of channel quality bits depends on the transmission format. When PUCCH-based reporting
format is used, the number of CQI/PMI hitsis defined in section 5.2.3.3.1 for wideband reports and in section 5.2.3.3.2
for UE selected subbands reports. When PUSCH-based reporting format is used, the number of CQI/PMI bitsis defined
in section 5.2.2.6.1 for wideband reports, in section 5.2.2.6.2 for higher layer configured subbands reports and in section
5.2.2.6.3 for UE selected subbands reports.

The channel quality information isfirst coded using a (32, O) block code. The code words of the (32, O) block code are
alinear combination of the 11 basis sequences denoted M; , and defined in Table 5.2.2.6.4-1.

Table 5.2.2.6.4-1: Basis sequences for (32, O) code.

i Mio | Mix | Mi2 | Miz | Mia | Mis | Mie | Mi7 | Mig | Mig | Mi1o
0 1 1 0 0 0 0 0 0 0 0 1
1 1 1 1 0 0 0 0 0 0 1 1
2 1 0 0 1 0 0 1 0 1 1 1
3 1 0 1 1 0 0 0 0 1 0 1
4 1 1 1 1 0 0 0 1 0 0 1
5 1 1 0 0 1 0 1 1 1 0 1
6 1 0 1 0 1 0 1 0 1 1 1
7 1 0 0 1 1 0 0 1 1 0 1
8 1 1 0 1 1 0 0 1 0 1 1
9 1 0 1 1 1 0 1 0 0 1 1
10| 1 0 1 0 0 1 1 1 0 1 1
11| 1 1 1 0 0 1 1 0 1 0 1
12| 1 0 0 1 0 1 0 1 1 1 1
13| 1 1 0 1 0 1 0 1 0 1 1
14| 1 0 0 0 1 1 0 1 0 0 1
15| 1 1 0 0 1 1 1 1 0 1 1
16| 1 1 1 0 1 1 1 0 0 1 0
17| 1 0 0 1 1 1 0 0 1 0 0
18| 1 1 0 1 1 1 1 1 0 0 0
19| 1 0 0 0 0 1 1 0 0 0 0
20| 1 0 1 0 0 0 1 0 0 0 1
21| 1 1 0 1 0 0 0 0 0 1 1
22| 1 0 0 0 1 0 0 1 1 0 1
23| 1 1 1 0 1 0 0 0 1 1 1
24| 1 1 1 1 1 0 1 1 1 1 0
25| 1 1 0 0 0 1 1 1 0 0 1
26| 1 0 1 1 0 1 0 0 1 1 0
27| 1 1 1 1 0 1 0 1 1 1 0
28| 1 0 1 0 1 1 1 0 1 0 0
29| 1 0 1 1 1 1 1 1 1 0 0
30| 1 1 1 1 1 1 1 1 1 1 1
31| 1 0 0 0 0 0 0 0 0 0 0

The encoded CQI/PMI block is denoted by by, b;,b,,bs,...,bg_; where B=32 and
o-1

b = (0n-M;,)mod2 wherei=0,1,2, ..., B-L
n=0

The output bit sequence Q,,0;,0,,0s, - qNL»ch _, isobtained by circular repetition of the encoded CQI/PMI block as

follows

i =B(imog) Wherei=0,1,2, ..., NL.Qcq-1, where N is the number of layers the corresponding UL-SCH
transport block is mapped onto .
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5.2.2.6.5 Channel coding for more than 11 bits of HARQ-ACK information

The HARQ-ACK bitsinput to the channel coding block are denoted by 05 of*™ ..., 055 | where 11< 0" <20
is the number of bits.

ACK ACK ACK CK CK ACK
The sequences of bits 05,0, " ,0, "ooACszh and O ACK/J o) ACszh O‘?)ACK/Z-LZ 1O0ACK 4 are encoded
asfollows
(OACK /2|1
G= > (oﬁCK -Miyn)modz
n=0
and

}
G = > (%AACKQL Mln)modZ

n=0
wherei =0, 1, 2, ..., 31 and the basis sequences M; , are defined in Table 5.2.2.6.4-1.

The output bit sequence ™, g*™, g7 ..., a4 1 isobtained by the concatenation and circular repetition of the

bit sequences G, Gy, 0+, Gz and ao,al,%,---,,%l asfollows:
Seti=0
while i <[Q/2]-Q,

ACK _ =
4" = Uimod32

i=i+1
end while
Seti=0
while i <(@-/Q/2)-Q,

ACK =
Arq2tqmei — dimod32

i=i+1

end while

5.2.2.7 Data and control multiplexing

The control and data multiplexing is performed such that HARQ-ACK information is present on both slotsand is
mapped to resources around the demodulation reference signals. |n addition, the multiplexing ensures that control and
data information are mapped to different modulation symbols.

The inputs to the data and control multiplexing are the coded bits of the control information denoted by
Go» Oh» G2 Gg-+» ANy -Qugy -1 and the coded bits of the UL-SCH denoted by f,, f;, f,, f3,..., fo_; . The output of the data

and control multiplexing operation is denoted by 959,959,099, where H =(G+ N - Qcqi ) and
H’=H/(N_-Qy) ,and whereg. , i =0,...,H’~1 are column vectors of length (Qq,-N_). H isthe total number of

coded bits allocated for UL-SCH data and CQI/PMI information acrossthe N, transmission layers of the transport
block.
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In case where more than one UL-SCH transport block are transmitted in a subframe of an UL cell, the CQI/PMI
information is multiplexed with data only on the UL-SCH transport block with highest Imcs value on theinitial grant. In
case the two transport blocks have the same Ivcs value in the corresponding initial UL grant, the CQI/PMI information
is multiplexed with data only on the first transport block. For that UL-SCH transport block or in the case of single
transport block transmission, and assuming that N, isthe number of layers onto which the UL-SCH transport block is

mapped, the control information and the data shall be multiplexed as follows:
Seti,j, ktoO

while j < N_.Q, -- first place the control information

9, =9 "'qj+NL<mel]T

j:j+NL'Qm
k=k+1
end while

while i < G -- then place the data
9, =[f; .. fi+Qm»N|_—1]T

k=k+1
end while

5.2.28 Channel interleaver

The channel interleaver described in this section in conjunction with the resource element mapping for PUSCH in [2]
implements a time-first mapping of modulation symbols onto the transmit waveform while ensuring that the HARQ-
ACK and RI information are present on both slotsin the subframe. HARQ-ACK information is mapped to resources
around the uplink demodulation reference signals while RI information is mapped to resources around those used by
HARQ-ACK.

The input to the channel interleaver are denoted by 9,:9,:9,49, qg' ,qu' ,q?' qg' 1 and
o212 Jna Ao 04 A 2ok -

q SCK .q fCK .q ?CK e S,CK - In case where more than one UL-SCH transport block are transmitted in a subframe of
- - —~ACK ™

an UL cdll, the HARQ-ACK and RI information are multiplexed with data on both UL-SCH transport blocks.

The number of modulation symbols per layer in the subframeis given by H,, = H’+Qg . The output bit sequence
from the channel interleaver is derived as follows:

(1) Assign Cpy, = NS to be the number of columns of the matrix. The columns of the matrix are numbered 0,

1,2,...,Cry —1 fromleft to right. NS is determined according to section 5.2.2.6.

(2) The number of rows of the matrix is Ry, = (Hioe - Qm- N| )/ Cr @nd we define Ry = Ry /(Q - N ).

The rows of the rectangular matrix are numbered 0, 1, 2,..., R, —1 fromtop to bottom.

(3) If rank information is transmitted in this subframe, the vector sequence g 5'

the columns indicated by Table 5.2.2.8-1, and by setsof (Q,,- N, ) rows starting from the last row and moving
upwards according to the following pseudo-code.

R Rl RI . .
,91 ,92 ,...,thl 1 IS written onto

Seti,jtoO.
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Setrto Ry, —1
whilei < Qf
Cr = ColumnSet(j)

RI
i

=9

Y xCruter
i=i+1
r = Ri—1-[i/4]
j=(j+3)mod4
end while
Where ColumnSet isgivenin Table 5.2.2.8-1 and indexed left to right from 0 to 3.

(4) Write the input vector sequence, for k=0, 1,..., H’—1, into the (R, XC,x) Matrix by setsof (Q,,- N, ) rows
starting with the vector Y, in column 0 and rows 0 to (Qm -N_ —1) and skipping the matrix entries that are

already occupied:
Yo Y Y, T Yot
Yoo Yo et Yo 2 o Yoc,
X(RFnux ~DXCpnux X( Rinux ~DXCrux +1 X( Rinux —DXCux +2 o X( Rinux*Crmux—1)

The pseudocode is as follows:
Seti,ktoO.
whilek<H”’,

if Y. is not assigned to Rl symbols

Yi=9
k=k+1
end if
=i+l
end while
(5) If HARQ-ACK information is transmitted in this subframe, the vector sequence q (’;CK .q 1ACK q ?CK v SECKK o

is written onto the columnsindicated by Table 5.2.2.8-2, and by setsof (Q.,- N, ) rows starting from the last row
and moving upwards according to the following pseudo-code. Note that this operation overwrites some of the
channel interleaver entries obtained in step (4).

Seti,jto0.
Setrto R, —1
whilei < Qucx
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_y IXCx+C —i
mux T ~ACK

i=i+1
r= Rr’nux _1_Li/4J
j=(j+3)mod4

end while
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Where ColumnSet is givenin Table 5.2.2.8-2 and indexed left to right from 0 to 3.

(6) The output of the block interleaver is the bit sequence read out column by column from the (R, XCrix )

matrix. The bits after channel interleaving are denoted by hy,hy ,h,,....hy . o 4, where NL is the number
of layersthe corresponding UL-SCH transport block is mapped onto.

Table 5.2.2.8-1: Column set for Insertion of rank information.

CP configuration Column Set
Normal {1,4,7 10}
Extended {0, 3,5, 8}

Table 5.2.2.8-2: Column set for Insertion of HARQ-ACK information.

CP configuration Column Set
Normal {2, 3,8, 9}
Extended {1,2,6,7}

5.2.3

Uplink control information on PUCCH

Data arrives to the coding unit in the form of indicators for measurement indication, scheduling request and HARQ
acknowledgement.

Three forms of channel coding are used, one for the channel quality information CQI/PMI, another for HARQ-ACK
(acknowledgement) and scheduling request and another for combination of CQI/PMI and HARQ-ACK.

A9,y Ap g l

Channel coding

by, by, bgy l

Figure 5.2.3-1: Processing for UCI.

5.2.3.1 Channel coding for UCI HARQ-ACK

The HARQ-ACK bhits are received from higher layers for each subframe of each cell. Each positive acknowledgement
(ACK) isencoded asabinary ‘1’ and each negative acknowledgement (NACK) is encoded as abinary ‘0’. For the case
where PUCCH format 3 [2] is configured by higher layers and is used for transmission of the HARQ-ACK feedback
information, the HARQ-ACK feedback consists of the concatenation of HARQ-ACK bits for each of the serving cells.
For cells configured with transmission modes 1, 2, 5, 6 or 7 [3], i.e., single codeword transmission modes, 1 bit of
HARQ-ACK information, a, , isused for that cell. For cells configured with other transmission modes, 2 bits of

ETSI



3GPP TS 36.212 version 10.9.0 Release 10 42 ETSI TS 136 212 V10.9.0 (2015-10)
HARQ-ACK information are used for those cells, i.e., a,,a,,, with a, corresponding to HARQ-ACK bit for

codeword 0 and &, corresponding to that for codeword 1.

Define N RYSCH ™ 3 45 the number of HARQ-ACK hitsincluding the possible concurrent transmission of scheduling

request when PUCCH format 3 is used for transmission of HARQ-ACK feedback (section 10.1in[3]).

For FDD, the sequence of bits ag, &, 8y,...,, A, PuccH format3_y isthe result of the concatenation of HARQ-ACK bitsfor
A/N -

different cells according to the following pseudo-code:
Set ¢ = 0 —cell index: lower indices correspond to lower RRC indices of corresponding cell

Setj = 0—HARQ-ACK bit index
Set N2k to the number of cells configured by higher layers for the UE
whilec< N2,

if transmission mode configured in cell ce {1,2,5,6,7} -- 1 bit HARQ-ACK feedback for this cell
a; = HARQ-ACK bit of this cell
i=i+1
else
a; = HARQ-ACK bit corresponding to the first codeword of this cell
j=j+1
a; = HARQ-ACK bit corresponding to the second codeword of this cell
i=i+1
end if
c=c+1
end while
For TDD, the sequence of bits ay, &, a,,...,, A, PuccH format3_y is obtained from the HARQ-ACK bits for different cells
A/N -

and different subframes.

Define No%ﬁs as the number of cells configured by higher layers for the UE and Bf L as the number of downlink
subframes for which the UE needs to feedback HARQ-ACK bitsin cell ¢ asdefined in Section 7.3 of [3].

The number of HARQ-ACK bits for the UE to convey is computed as follows:
Set k = 0 — counter of HARQ-ACK bits

Set ¢ = 0— cell index: lower indices correspond to lower RRC indices of corresponding cell
whilec< N2

setl =0;

whilel < B

if transmission mode configured in cell ce {1,2,5,6,7} -- 1 bit HARQ-ACK feedback for this cell

k=k+1
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else
k=k+2
end if
[=1+1
end while
c=c+1
end while
If k < 20, the multiplexing of HARQ-ACK bitsis performed according to the following pseudo-code:
Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell
Setj = 0— HARQ-ACK bit index
whilec< N2
setl =0;
whilel < B

if transmission mode configured in cell ce {1,2,5,6,7} -- 1 bit HARQ-ACK feedback for this cell

0/ = 0™ HARQ-ACK bit of this cell as defined in Section 7.3 of [3]

j c,|

j=j+1
else
[6/,0/5 1 =[0f5" ,0/55] HARQ-ACK bit of this cell as defined in Section 7.3 of [3]
j=j+2
end if
| =1+1
end while
c=c+1
end while

If k > 20, spatial bundling is applied to al subframesin al cells and the multiplexing of HARQ-ACK bitsis performed
according to the following pseudo-code

Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell
Setj =0-HARQ-ACK bit index
whilec< N2

set1=0;

whilel < B2

if transmission mode configured in cell ce {1,2,5,6,7} — 1 bit HARQ-ACK feedback for this cell
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0/ = 0™ HARQ-ACK bit of this cell as defined in Section 7.3 of [3]

j c,|
j=i+1
else

~ACK _ ~ACK

0 =0, binary AND operation of the HARQ-ACK bits corresponding to the first and second

codewords of this cell as defined in Section 7.3 of [3]
j=j+1
end if
I=1+1
end while
c=c+1
end while

In case the transmission of HARQ-ACK feedback using PUCCH format 3 [2] coincides with a sub-frame configured to
the UE by higher layers for transmission of scheduling request, the scheduling request bit (1 = positive SR; 0 = negative
SR) is appended at the end of the sequence of concatenated HARQ-ACK bits.

For NRYSCHToma3 < 11 the bit sequence ay, &, @y,...,, 8 puccrfomets; is obtained by setting a, =6, .

For 11< NR7R°H ™3 < 21, the bit sequence ag, @, 8,--.,, 8 puccroma_, IS Obtained by setting a;, =5 ifiis
Al'N B

_ ~ACK ...
even and a{N,‘i?ﬁCH’Or”HS/zhi—l)/z =0, if i isodd.

For NRYSCH™mMA3 <11 the sequence of bits ay, &y, @,...,, By puccHfomets_; is encoded as follows

PUCCH format 3
Na/N -1

E)-i: Z(an"\/li,n)mc'd2
n=0

wherei =0, 1, 2, ..., 31 and the basis sequences M; , are defined in Table 5.2.2.6.4-1.

The output bit sequence by, b;,b,,...,,bg_; isobtained by circular repetition of the sequence 50,51, 62,..., , 631

b =b(imod32)
wherei =0, 1,2, ..., B-1and where B=4-NZ?.

For 11< NRYRCHT™3 < 21 the sequences of bits 80,80, 8-+ & pcciomas |, AN
A/N

a(N PUCCH format 3 2-‘, a‘—N PUCCH ormat 3 le ) a’—NiliJ(’E‘CH format 3 2-|+2 yener s aNit/J(’icH format3_, &€ encoded as follows

PUCCH format 3
(N AIN / 2—|—l

b = Z(an-Mi]n)modZ
n=0
and

PUCCH format 3 PUCCH format 3
NA/N ’( NaN ’21’1

't = Z (a"NK&JﬁCHformatB/Z-Ln'Mi’nijdz

n=0
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wherei =0, 1, 2, ..., 23 and the basis sequences M; , are defined in Table 5.2.2.6.4-1.

The output bit sequence by, by, b,,...,,bg_; where B =4.NZ® isobtained by the alternate concatenation of the bit

sequences by,b;,bs,...,,b,gand by, ,b2,...,,523 asfollows
Seti,j=0

while i <4-NZP

j=j+2
end while

When PUCCH format 3 is not used for transmission of HARQ-ACK feedback, the HARQ-ACK bits are processed for
transmission according to section 10.1in [3].

5.2.3.2 Channel coding for UCI scheduling request
The scheduling request indication is received from higher layers and is processed according to [2].
5.2.3.3 Channel coding for UCI channel quality information

The channel quality bits input to the channel coding block are denoted by a;,a,a,,as,...,a,_4 Where Ais the number

of bits. The number of channel quality bits depends on the transmission format as indicated in section 5.2.3.3.1 for
wideband reports and in section 5.2.3.3.2 for UE-selected subbands reports.

The channel quality information is coded using a (20, A) code. The code words of the (20, A) code are alinear
combination of the 13 basis sequences denoted M; , and defined in Table 5.2.3.3-1.
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Table 5.2.3.3-1: Basis sequences for (20, A) code.

i | Mio | Mia | Mi2 | Miz | Mia | Mis | Mis | Miz | Mis | Mig | Mitwo | Min | Mia2
0| 1 1 0 0 0 0 0 0 0 0 1 1 0
1] 1 1 1 0 0 0 0 0 0 1 1 1 0
2| 1 0 0 1 0 0 1 0 1 1 1 1 1
3| 1 0 1 1 0 0 0 0 1 0 1 1 1
4 1 1 1 1 0 0 0 1 0 0 1 1 1
5| 1 1 0 0 1 0 1 1 1 0 1 1 1
6| 1 0 1 0 1 0 1 0 1 1 1 1 1
7] 1 0 0 1 1 0 0 1 1 0 1 1 1
8| 1 1 0 1 1 0 0 1 0 1 1 1 1
9| 1 0 1 1 1 0 1 0 0 1 1 1 1
10| 1 0 1 0 0 1 1 1 0 1 1 1 1
1] 1 1 1 0 0 1 1 0 1 0 1 1 1
2] 1 0 0 1 0 1 0 1 1 1 1 1 1
13| 1 1 0 1 0 1 0 1 0 1 1 1 1
14| 1 0 0 0 1 1 0 1 0 0 1 0 1
15| 1 1 0 0 1 1 1 1 0 1 1 0 1
16| 1 1 1 0 1 1 1 0 0 1 0 1 1
17| 1 0 0 1 1 1 0 0 1 0 0 1 1
18| 1 1 0 1 1 1 1 1 0 0 0 0 0
19| 1 0 0 0 0 1 1 0 0 0 0 0 0
After encoding the bits are denoted by by,b;,b,,bs,...,bg ; where B =20 and with
A-1
b =Y (a,-M;,)mod2 wherei=0,1,2, ..., B-L
n=0
5.2.3.3.1 Channel quality information formats for wideband reports

Table 5.2.3.3.1-1 shows the fields and the corresponding bit widths for the channel quality information feedback for
wideband reports for PDSCH transmissions associated with a transmission mode 1, transmission mode 2, transmission
mode 3, transmission mode 7, transmission mode 8 configured without PMI/RI reporting, and transmission mode 9
configured without PMI/RI reporting or configured with 1 antenna port.

Table 5.2.3.3.1-1: UCI fields for channel quality information feedback for wideband CQI reports
(transmission mode 1, transmission mode 2, transmission mode 3, transmission mode 7,
transmission mode 8 configured without PMI/RI reporting, and transmission mode 9 configured
without PMI/RI reporting or configured with 1 antenna port).

Field Bit width
Wide-band CQI 4

Table 5.2.3.3.1-2 shows the fields and the corresponding bit widths for the channel quality and precoding matrix
information feedback for wideband reports for PDSCH transmissions associated with transmission mode 4,
transmission mode 5, transmission mode 6 and transmission mode 8 configured with PMI/RI reporting.
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Table 5.2.3.3.1-2: UCI fields for channel quality information feedback for wideband CQI reports
(transmission mode 4, transmission mode 5, transmission mode 6 and transmission mode 8
configured with PMI/RI reporting).

Bit width
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank >1
Wide-band CQI 4 4 4 4
Spatial differential CQI 0 3 0 3
Precoding matrix indicator 2 1 4 4

Table5.2.3.3.1-2A and Table 5.2.3.3.1-2B show the fields and the corresponding bit widths for the channel quality and
precoding matrix information feedback for wideband reports for PDSCH transmissions associated with transmission
mode 9 configured with PMI/RI reporting.

Table 5.2.3.3.1-2A: UCI fields for transmission of wideband CQI and precoding information (i2)
for transmission mode 9 configured with PMI/RI reporting

Bit width
Field 2 antenna ports 4 antenna ports 8 antenna ports
Rank = | Rank = | Rank = | Rank> | Rank = | Rank = | Rank= | Rank >

1 2 1 1 1 2,3 4 4

Wide-band CQI 4 4 4 4 4 4 4 4

Spatial differential CQI 0 3 0 3 0 3 3 3
Wide-band PMI (2 or 4

antenna ports) 2 1 4 4 4 4 3 0
or i2 (8 antenna ports)

Table 5.2.3.3.1-2B: UCI fields for transmission of wideband CQI and precoding information (i1, i2) for
transmission mode 9 configured with PMI/RI reporting with 8 antenna ports

Bit width
Field 8 antenna ports
Rank = Rank = Rank = Rank Rank = Rank = Rank = Rank =
1 2 3 =4 5 6 7 8
Wide-band CQI 4 4 4 4 4 4 4 4
Spatial differential 0 3 3 3 3 3 3 3
CQl

il 3 3 1 1 2 2 2 0
Wide-band i2 1 1 3 3 0 0 0 0

Table 5.2.3.3.1-3 shows the fields and the corresponding bit widths for the rank indication feedback for wideband
reports for PDSCH transmissions associated with transmission mode 3, transmission mode 4, transmission mode 8
configured with PMI/RI reporting, and transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports.

Table 5.2.3.3.1-3: UCI fields for rank indication feedback for wideband reports (transmission mode 3,
transmission mode 4, transmission mode 8 configured with PMI/RI reporting, and transmission mode
9 configured with PMI/RI reporting with 2/4/8 antenna ports).

Bit width
Field 2 antenna ports 4 antenna ports 8 antenna ports
Max 2 layers | Max 4 layers | Max 2 layers | Max 4 layers | Max 8 layers
Rank indication 1 1 2 1 2 3

Table 5.2.3.3.1-3A shows the fields and the corresponding bit widths for the joint transmission of rank indication and il
for wideband reports for PDSCH transmissions associated with transmission mode 9.
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Table 5.2.3.3.1-3A: UCI fields for joint report of Rl and il (transmission mode 9 configured with PMI/RI

reporting with 2/4/8 antenna ports)

Bit width
Field 2 antenna ports 4 antenna ports 8 antenna ports
P Max 2 layers | Max 4 layers | Max 2 layers | Max 4 layers | Max 8 layers
Rank u;ijlcatlon 1 1 2 4 5 5

The channel quality bitsin Table 5.2.3.3.1-1 through Table 5.2.3.3.1-3A form the bit sequence ay,a,,a,,83,...,85 1
with a, corresponding to the first bit of the first field in each of thetables, a; corresponding to the second bit of the
first field in each of the tables, and a,_; corresponding to the last bit in the last field in each of the tables. The first bit
of each field corresponds to MSB and the last bit LSB. The RI feedback for one bit is mapped according to Table

5.2.2.6-5 with off replaced by a, . The Rl feedback for two bitsis mapped according to Table 5.2.2.6-6 with of , ol
replaced by a,,a, . The RI feedback for three bitsis mapped according to Table 5.2.2.6-7 with of , o] , o} replaced

by a,,&,,a, . The mapping for the jointly coded Rl and il is provided in Table 7.2.2-1E of [3].

When multiplexed with UL-SCH, the channel coding and multiplexing for the transmission configurationsin Table
5.2.3.3.1-3 and Table 5.2.3.3.1-3A is performed assuming RI transmission in section 5.2.2.6. All other transmission
configurations in this section are coded and multiplexed assuming CQI/PMI transmission in section 5.2.2.6.

5.2.3.3.2 Channel quality information formats for UE-selected sub-band reports

Table 5.2.3.3.2-1 shows the fields and the corresponding bit widths for the sub-band channel quality information
feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 1, transmission
mode 2, transmission mode 3, transmission mode 7, transmission mode 8 configured without PMI/RI reporting, and
transmission mode 9 configured without PMI/RI reporting or configured with 1 antenna port.

Table 5.2.3.3.2-1: UCl fields for channel quality information feedback for UE-selected sub-band CQI
reports (transmission mode 1, transmission mode 2, transmission mode 3, transmission mode 7,
transmission mode 8 configured without PMI/RI reporting, and transmission mode 9 configured

without PMI/RI reporting or configured with 1 antenna port).

Field Bit width
Sub-band CQI 4
Sub-band label lor2

Table 5.2.3.3.2-2 shows the fields and the corresponding bit widths for the sub-band channel quality information
feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 4, transmission
mode 5, transmission mode 6 and transmission mode 8 configured with PMI/RI reporting.

Table 5.2.3.3.2-2: UCI fields for channel quality information feedback for UE-selected sub-band
reports (transmission mode 4, transmission mode 5, transmission mode 6 and transmission mode 8
configured with PMI/RI reporting).

Bit width
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank >1
Sub-band CQI 4 4 4 4
Spatial differential CQI 0 3 0 3
Sub-band label lor2 lor2 lor2 lor2

Table5.2.3.3.2-2A and Table 5.2.3.3.2-2B show the fields and the corresponding bit widths for the sub-band channel
quality information feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission
mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports.
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Table 5.2.3.3.2-2A: UClI fields for channel quality information feedback for UE-selected sub-band
reports (transmission mode 9 configured with PMI/RI reporting with 2/4 antenna ports)

Bit width
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank >1

Wide-band CQI 0 0 0 0
Sub-band CQI 4 4 4 4
Spatial differential CQI 0 3 0 3
Wide-band i2 0 0 0 0
Sub-band i2 0 0 0 0

Sub-band label lor2 lor2 lor2 lor2

Table 5.2.3.3.2-2B: UCI fields for channel quality feedback for UE-selected sub-band reports
(transmission mode 9 configured with PMI/RI reporting with 8 antenna ports)

Bit width
Field 8 antenna ports
Rank =1 Rank =2, 3 Rank =4 Rank =5, 6, 7 Rank =8
PTI=0 | PTI=1 | PTI=0 | PTI=1 | PTI=0 | PTI=1 | PTI=0 | PTI=1 | PTI=0 | PTI=1
Wide-band CQI 4 0 4 0 4 0 4 0 4 0
Sub-band CQI 0 4 0 4 0 4 0 4 0 4
Spatial differential CQI 0 0 3 3 3 3 3 3 3 3
Wide-band i2 4 0 4 0 3 0 0 0 0 0
Sub-band i2 0 4 0 2 0 2 0 0 0 0
Sub-band label 0 lor2 0 lor2 0 lor2 0 lor2 0 lor2

Table 5.2.3.3.2-3 shows the fields and the corresponding bit widths for the wide-band channel quality and precoding
matrix information feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission
mode 4, transmission mode 5, transmission mode 6 and transmission mode 8 configured with PMI/RI reporting.

Table 5.2.3.3.2-3: UClI fields for channel quality information feedback for UE-selected sub-band CQI
reports (transmission mode 4, transmission mode 5, transmission mode 6 and transmission mode 8
configured with PMI/RI reporting).

Bit width
Field 2 antenna ports 4 antenna ports
Rank=1 | Rank=2 | Rank =1 | Rank >1
Wide-band CQI 4 4 4 4
Spatial differential CQI 0 3 0 3
Precoding matrix indicator 2 1 4 4

Table5.2.3.3.2-3A and Table 5.2.3.3.2-3B show the fields and the corresponding bit widths for the wide-band channel
quality and precoding matrix information feedback for UE-selected sub-band reports for PDSCH transmissions
associated with transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports.

Table 5.2.3.3.2-3A: UCI fields for wide-band channel quality and precoding matrix information
feedback for UE-selected sub-band reports (transmission mode 9 configured with PMI/RI reporting
with 2/4 antenna ports)

Bit width
Field 2 antenna ports 4 antenna ports
Rank=1 | Rank=2 | Rank =1 | Rank >1
Wide-band CQI 4 4 4 4
Spatial differential CQI 0 3 0 3
il 0 0 0 0
Wide-band i2 2 1 4 4
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Table 5.2.3.3.2-3B: UCI fields for wide-band channel quality and precoding matrix information
feedback for UE-selected sub-band reports (transmission mode 9 configured with PMI/RI reporting
with 8 antenna ports)

Bit width
. 8 antenna ports
Field Rank =1 Rank =2 Rank =3
PTI=0 | PTI=1 | PTI=0 | PTI=1 | PTI=0 | PTI=1
Wide-band CQI 0 4 0 4 0 4
Spatial differential CQI 0 0 0 3 0 3
il 4 0 4 0 2 0
Wide-band i2 0 4 0 4 0 4
Bit width
Field 8 antenna ports
Rank =4 Rank =5, 6,7 Rank =8
PTI=0 | PTI=1 | PTI=0 | PTI=1 | PTI=0 | PTI=1
Wide-band CQI 0 4 0 4 0 4
Spatial differential CQI 0 3 0 3 0 3
il 2 0 2 0 0 0
Wide-band i2 0 3 0 0 0 0

Table 5.2.3.3.2-4 shows the fields and the corresponding bit width for the rank indication feedback for UE-selected sub-
band reports for PDSCH transmissions associated with transmission mode 3, transmission mode 4 and transmission
mode 8 configured with PMI/RI reporting.

Table 5.2.3.3.2-4: UCI fields for rank indication feedback for UE-selected sub-band reports
(transmission mode 3, transmission mode 4 and transmission mode 8 configured with PMI/RI

reporting).
Bit width
Field 2 antenna ports 4 antenna ports
p Max 2 layers Max 4 layers
Rank indication 1 1 2

Table 5.2.3.3.2-4A shows the fields and the corresponding bit width for the rank indication and precoder type indication
(PTI) feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9
configured with PMI/RI reporting with 2/4/8 antenna ports.

Table 5.2.3.3.2-4A: UCI fields for joint report of Rl and PTI (transmission mode 9 configured with
PMI/RI reporting with 2/4/8 antenna ports)

Bit width
. 4 antenna ports 8 antenna ports
Field 2 a;)notir;na Max 2 Max 4 Max 2 Max 4 Max 8
layers layers layers layers layers
Rank indication 1 1 2 1 2 3
Precoder type 1 1 1
indication j j )

The channel quality bitsin Table 5.2.3.3.2-1 through Table 5.2.3.3.2-4A form the bit sequence ay,a,,a,,83,...,85 1
with a, corresponding to the first bit of the first field in each of thetables, a; corresponding to the second bit of the
first field in each of the tables, and a,_; corresponding to the last bit in the last field in each of the tables. The first bit
of each field correspondsto MSB and the last bit LSB. The RI feedback for one bit is mapped according to Table
5.2.2.6-5 with off replaced by a, . The Rl feedback for two bitsis mapped according to Table 5.2.2.6-6 with of , ol
replaced by a,,a, . The RI feedback for three bitsis mapped according to Table 5.2.2.6-7 with of , o] , o} replaced

by ay,a,a,.

When multiplexed with UL-SCH, the channel coding and multiplexing for the transmission configurationsin Table
5.2.3.3.2-4 and Table 5.2.3.3.2-4A is performed assuming RI transmission in section 5.2.2.6. All other transmission
configurations in this section are coded and multiplexed assuming CQI/PMI transmission in section 5.2.2.6.
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5.2.34 Channel coding for UCI channel quality information and HARQ-ACK

This section defines the channel coding scheme for the simultaneous transmission of channel quality information and
HARQ-ACK information in a subframe.

When normal CP is used for uplink transmission, the channel quality information is coded according to section 5.2.3.3
with input bit sequence a;,a;,a5,a5,...,&x_; and output bit sequence by, by, b5,b3,...,bg_;, where B'=20. The
HARQ-ACK bits are denoted by af in case one HARQ-ACK bit or aj,a; in casetwo HARQ-ACK bits are reported

per subframe. Each positive acknowledgement (ACK) is encoded asabinary ‘1" and each negative acknowledgement
(NACK) isencoded asabinary ‘0’.

The output of this channel coding block for normal CP isdenoted by by,b,,b,,bs,...,bg_;, where
b =b/,i=0,..,B"-1

In case one HARQ-ACK hit is reported per subframe;
by =aj and B=(B'+1)

In case two HARQ-ACK hits are reported per subframe:
by =a§,bg,, =& and B=(B'+2)

When extended CP is used for uplink transmission, the channel quality information and the HARQ-ACK bits are jointly
coded. The HARQ-ACK bits are denoted by aj in case one HARQ-ACK bit or [af,a;] in case two HARQ-ACK bits

are reported per subframe.

The channel quality information denoted by ag,a;,a5,a3,...,ay_; is multiplexed with the HARQ-ACK bitsto yield the
sequence ay, ay, ay,as,..., a1 asfollows

a =4a/,i=0,.,A-1
and
ay =ap and A=(A'+1) in case one HARQ-ACK bit is reported per subframe, or
ay =ap, a(ns1) =37 and A=(A'+2) incasetwo HARQ-ACK bits are reported per subframe.

The sequence ag, 8,,8,,83,...,8,4_; iSencoded according to section 5.2.3.3 to yield the output bit sequence
bO’bl'bZ’b3""'bel Where B= 20 .

5.2.4 Uplink control information on PUSCH without UL-SCH data
When control data are sent via PUSCH without UL-SCH data, the following coding steps can be identified:
— Channel coding of control information
—  Control information mapping
—  Channel interleaver
5.24.1 Channel coding of control information

Control data arrives at the coding unit in the form of channel quality information (CQI and/or PMI), HARQ-ACK and
rank indication. Different coding rates for the control information are achieved by allocating different number of coded
symbols for its transmission. When the UE transmits HARQ-ACK bits or rank indicator bits, it shall determine the

number of coded symbols Q” for HARQ-ACK or rank indicator as
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PUSCH PUSCH PUSCH
O-M N 'lBoffset 4. M) PUScH

Q' =min
OCQI—MIN

where O isthe number of HARQ-ACK bits as defined in section 5.2.2.6, or rank indicator bits, OCQH\,IIN isthe

number of CQI bitsincluding CRC bits assuming rank equalsto 1 for all serving cells for which an aperiodic CSI report

istriggered [3], M 2?51 is the scheduled bandwidth for PUSCH transmission in the current subframe expressed as a
number of subcarriersin[2], and N;ﬁCH is the number of SC-FDMA symbolsin the current PUSCH transmission

sub-frame given by NS2° = (2 (N o - 1) NSRS), where N isequal to 1 if UE is configured to send PUSCH and

SRS in the same subframe for the current subframe, or if the PUSCH resource allocation for the current subframe even
partially overlaps with the cell-specific SRS subframe and bandwidth configuration defined in section 5.5.3 of [2], or if
the current subframe is a UE-specific type-1 SRS subframe as defined in Section 8.2 of [3]. Otherwise N isequal to

0.

For HARQ-ACK information Qo = Q.- Q" and[ Bis " = Baro-AK / B2 1, where BIAR A qhall be
determined according to [3].

For rank indication Qg = Q- Q" and [ By = Bt / B2 1, where S5, shall be determined according to
[3].

For CQI and/or PMI information Q. = N PUSCH M 2. Q,, — Qg -

symb

The channel coding and rate matching of the control datais performed according to section 5.2.2.6. The coded output
sequence for channel quality information is denoted by Q,, 0,0y, Ogeees chq _1» the coded vector sequence output for

HARQ-ACK is denoted by 9(’:0'( ,ngK ,ggc'( ey K

Or -1 and the coded vector sequence output for rank indication is
—~ACK

denoted by ™' ,q" ,q' ""’gng—l
5.2.4.2 Control information mapping

The input are the coded bits of the channel quality information denoted by (,,0;,0,,0s,---, OQeg -1 The output is
denotedby 9 .9,.9,.9,.-+9,,. ;- Where H = Q. and H'=H/Q,,, ardwhereg , i =0,...,H"~1 are column
vectors of length Q,,,. H isthetotal number of coded bits allocated for CQI/PMI information.

The control information shall be mapped as follows:

Setj,ktoO

while | < Qg

9, =[q; ---qj+Qm—1]T

j=]+Qn
k=k+1
end while
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5243 Channel interleaver

The vector sequences 9,9,:9,9

R LR R RI ACK  _ACK _ACK ACK
wear o G Gy e lgn g @A A4 AT e

interleaved according section 5.2.2.8. The bits after channel interleaving are denoted by hy,h, ,h,,....h, .o -

, ae channel

5.3 Downlink transport channels and control information

5.3.1 Broadcast channel
Figure 5.3.1-1 shows the processing structure for the BCH transport channel. Data arrives to the coding unit in the form
of a maximum of one transport block every transmission timeinterval (TTI) of 40ms. The following coding steps can
be identified:

— Add CRC to the transport block

—  Channel coding

— Rate matching

The coding steps for BCH transport channel are shown in the figure below.

89,8y, A 1 l

CRC attachment

CO’C’_L""’CK{L v

Channel coding

d{,d".....d0,

Rate matching

€0, €15 €1 i

Figure 5.3.1-1: Transport channel processing for BCH.

5.3.1.1 Transport block CRC attachment
Error detection is provided on BCH transport blocks through a Cyclic Redundancy Check (CRC).

The entire transport block is used to calculate the CRC parity bits. Denote the bitsin a transport block delivered to layer
lbyagy,ay,a,,8s,...,a85 1, and the parity bitsby py, p;, P2, Ps,---» PL_1- Aisthe size of the transport block and set to

24 bitsand L isthe number of parity bits. The lowest order information bit ag is mapped to the most significant bit of
the transport block as defined in section 6.1.1 of [5].

The parity bits are computed and attached to the BCH transport block according to section 5.1.1 setting L to 16 hits.

After the attachment, the CRC bits are scrambled according to the eNodeB transmit antenna configuration with the

SEqQUENCE Xt 0s Xant 11+ Xant,15 &S indicated in Table 5.3.1.1-1 to form the sequence of bitscy, ¢, C,,C3,...,Cx 3 Where
Ck:ak f0|’k=0, 1,2,...,A—1

Cy = (pk_A + xam,k_A)mod 2 fork=A A+l A+2,..., A+15.
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Table 5.3.1.1-1: CRC mask for PBCH.

Number of transmit antenna ports at eNodeB PBCH CRC mask
< Xant,O ’ Xant,lv'"v Xant,lS >

1 <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0>
2 <1,1,1,1,1,1,1,1,1,1,1,1,1,1,1, 1>
4 <0,1,0,1,0,1,0,1,0,1,0,1,0,1,0, 1>
53.1.2 Channel coding

Information bits are delivered to the channel coding block. They are denoted by c,,¢;,C,,Cs,...,Ck_; , Where K isthe
number of bits, and they are tail biting convolutionally encoded according to section 5.1.3.1.

After encoding the bits are denoted by d{’,d{",d$?,d{",...,dQ), , withi = 0,1, and 2, and where D is the number of bits
on thei-th coded stream, i.e.,, D =K.

5.3.1.3 Rate matching

A tail biting convolutionally coded block is delivered to the rate matching block. This block of coded bits is denoted by
di?,d®,d0 af,...,dP  withi =01 and2, and where i isthe coded stream index and D isthe number of hitsin each
coded stream. This coded block is rate matched according to section 5.1.4.2.

After rate matching, the bits are denoted by e,,€,,8,,€;,...,6c_; , Where E is the number of rate matched bits as defined
in section 6.6.1 of [2].

5.3.2 Downlink shared channel, Paging channel and Multicast channel

Figure 5.3.2-1 shows the processing structure for each transport block for the DL-SCH, PCH and MCH transport
channels. Data arrives to the coding unit in the form of a maximum of two transport blocks every transmission time
interval (TTI) per DL cell. The following coding steps can be identified for each transport block of aDL cell:

— Add CRC to the transport block

—  Code block segmentation and code block CRC attachment
— Channel coding

— Rate matching

—  Code block concatenation

The coding steps for PCH and MCH transport channels, and for one transport block of DL-SCH are shown in the figure
below. The same processing applies for each transport block on each DL cell.
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aO,al,...,aA71 i

Transport block
CRC attachment

bo.brbgs  §

Code block segmentation
Code block CRC attachment

Cr01Cr11'-'!Cr(Kr—l) v

Channel coding

08t |

Rate matching
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Code block
concatenation
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Figure 5.3.2-1: Transport block processing for DL-SCH, PCH and MCH.

5.3.2.1 Transport block CRC attachment
Error detection is provided on transport blocks through a Cyclic Redundancy Check (CRC).

The entire transport block is used to calculate the CRC parity bits. Denote the bitsin a transport block delivered to layer
lbyay,ay,a,,8s,...,85 1, and the parity bitsby py, p;, P2, P3.--, P ;- Aisthe size of the transport block and L is the

number of parity bits. The lowest order information bit ag is mapped to the most significant bit of the transport block as
defined in section 6.1.1 of [5].

The parity bits are computed and attached to the transport block according to section 5.1.1 setting L to 24 bits and using
the generator polynomial gereoaa(D).

5.3.2.2 Code block segmentation and code block CRC attachment

The bits input to the code block segmentation are denoted by by, b, b,, bs,...,bg_; where B isthe number of bitsin the
transport block (including CRC).

Code block segmentation and code block CRC attachment are performed according to section 5.1.2.

The bits after code block segmentation are denoted by ¢, C1,C; 5, C3,---, C; (k, -1) » Wherer is the code block number
and K; isthe number of bitsfor code block number r.

5.3.2.3 Channel coding

Code blocks are delivered to the channel coding block. They are denoted by ¢ 4, C;1,C, 5, Cr3,--, C(k, -1) » Wherer isthe

code block number, and K; is the number of bitsin code block number r. The total number of code blocks is denoted by
C and each code block isindividually turbo encoded according to section 5.1.3.2.
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After encoding the bits are denoted by d9,d?,d2,d ..., d{{}, _), withi =01,and 2, and where D, isthe number of

bits on the i-th coded stream for code block number r,i.e. D, =K, +4.

5.3.24 Rate matching

Turbo coded blocks are delivered to the rate matching block. They are denoted by dfg,d?,df3,d ..., d{}, _;), with

i =01 and 2, and where r is the code block number, i isthe coded stream index, and D, isthe number of bitsin each

coded stream of code block number r. The total number of code blocksis denoted by C and each coded block is
individually rate matched according to section 5.1.4.1.

After rate matching, the bits are denoted by €,4,€,1,€5,€3,--.,& (g, 1), Wherer is the coded block number, and where
E, isthe number of rate matched bits for code block number r.
5.3.25 Code block concatenation

The bitsinput to the code block concatenation block are denoted by €.4,€1,€5,63,.-.,& (g, 1) for r=0,...,C-1 and

r—

where E, isthe number of rate matched bits for the r-th code block.
Code block concatenation is performed according to section 5.1.5.

The bits after code block concatenation are denoted by f,, i, fs, fs,..., fg_; , Where G is the total number of coded bits

for transmission. This sequence of coded bits corresponding to one transport block after code block concatenation is
referred to as one codeword in section 6.3.1 of [2]. In case of multiple transport blocks per TTI, the transport block to
codeword mapping is specified according to section 5.3.3.1.5, 5.3.3.1.5A or 5.3.3.1.5B, depending on the DCI Format.

5.3.3 Downlink control information

A DCI transports downlink or uplink scheduling information, requests for aperiodic CQI reports, notifications of
MCCH change [6] or uplink power control commands for one cell and one RNTI. The RNTI isimplicitly encoded in
the CRC.

Figure 5.3.3-1 shows the processing structure for one DCI. The following coding steps can be identified:
— Information element multiplexing
— CRC attachment
— Channel coding
— Rate matching

The coding steps for DCI are shown in the figure below.
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ao,al,...,aA& l

CRC attachment

CoiCrnCk1

Channel coding

00,00,..d9, |

Rate matching

€€ € l

Figure 5.3.3-1: Processing for one DCI.

5.3.3.1 DCI formats

The fields defined in the DCI formats below are mapped to the information bits ag to aa.1 as follows.

Each field is mapped in the order in which it appears in the description, including the zero-padding bit(s), if any, with
the first field mapped to the lowest order information bit ap and each successive field mapped to higher order

information bits. The most significant bit of each field is mapped to the lowest order information bit for that field, e.g.
the most significant bit of the first field is mapped to ao.

53311 Format O
DCI format 0 is used for the scheduling of PUSCH in one UL cell.
The following information is transmitted by means of the DCI format O:
- Carrier indicator — 0 or 3 bits. Thisfield is present according to the definitionsin [3].
- Flag for formatO/format1A differentiation — 1 bit, where value 0 indicates format 0 and value 1 indicates format 1A

- Frequency hopping flag — 1 bit as defined in section 8.4 of [3]. Thisfield is used as the MSB of the corresponding
resource alocation field for resource allocation type 1.

- Resource block assignment and hopping resource allocation — ’_Iog2 (Ngg (Ngg +1)/ 2)-‘ bits

- For PUSCH hopping (resource allocation type O only):

- NuL_nop MSB bits are used to obtain the value of Nprg (i) asindicated in section 8.4 of [3]

- O_Iogz(Ngé(NF% +1)/2)-‘ - NUL_hop) bits provide the resource allocation of the first slot in the UL
subframe

- For non-hopping PUSCH with resource allocation type O:

- U—Iogz(NF%(Ngé +1)/2)-‘ j bits provide the resource allocation in the UL subframe as defined in section
8.1.10f [3]

- For non-hopping PUSCH with resource allocation type 1:
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- The concatenation of the frequency hopping flag field and the resource block assignment and hopping
resource allocation field provides the resource allocation field in the UL subframe as defined in section 8.1.2
of [3]

- Modulation and coding scheme and redundancy version — 5 bits as defined in section 8.6 of [3]
- New dataindicator — 1 bit

- TPC command for scheduled PUSCH — 2 bits as defined in section 5.1.1.1 of [3]

- Cyclic shift for DM RS and OCC index — 3 bits as defined in section 5.5.2.1.1 of [2]

- UL index — 2 bits as defined in sections 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (thisfield is present only for TDD operation
with uplink-downlink configuration 0)

- Downlink Assignment Index (DAI) — 2 bits as defined in section 7.3 of [3] (thisfield is present only for TDD
operation with uplink-downlink configurations 1-6)

- CSl request — 1 or 2 hits as defined in section 7.2.1 of [3]. The 2-bit field appliesto UEs that are configured with
more than one DL cell and when the corresponding DCI format is mapped onto the UE specific search space
given by the C-RNTI as defined in [3]; otherwise the 1-bit field applies

- SRSrequest — 0 or 1 bit. Thisfield can only be present in DCI formats scheduling PUSCH which are mapped onto
the UE specific search space given by the C-RNTI as defined in [3]. The interpretation of thisfield is provided in
section 8.2 of [3]

- Resource allocation type — 1 bit. Thisfield isonly present if Ngg < NRg . Theinterpretation of thisfield is
provided in section 8.1 of [3]

If the number of information bits in format O mapped onto a given search space is less than the payload size of format
1A for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended
to format 1A), zeros shall be appended to format O until the payload size equals that of format 1A.

5.3.3.1.2 Format 1
DCI format 1 is used for the scheduling of one PDSCH codeword in one cell.
The following information is transmitted by means of the DCI format 1.
- Carrier indicator — 0 or 3 bits. Thisfield is present according to the definitionsin [3].
- Resource allocation header (resource allocation type 0/ type 1) — 1 bit as defined in section 7.1.6 of [3]

If downlink bandwidth islessthan or equal to 10 PRBs, there is no resource allocation header and resource
alocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 as defined in section 7.1.6.1 of [3]:

- (N Re | P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined in section 7.1.6.2 of [3]:

- ]_I 09, (P)-\ bits of thisfield are used as a header specific to this resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

: q_ NS / P-‘— [log,(P)] —1) bits provide the resource allocation

where the value of P depends on the number of DL resource blocks as indicated in section 7.1.6.1 of [3]

- Modulation and coding scheme — 5 hits as defined in section 7.1.7 of [3]
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- HARQ process number — 3 bits (FDD), 4 bits (TDD)

- New dataindicator — 1 bit

- Redundancy version — 2 bits

- TPC command for PUCCH — 2 bits as defined in section 5.1.2.1 of [3]

- Downlink Assignment Index (thisfield is present in TDD for all the uplink —downlink configurations and only
appliesto TDD operation with uplink —downlink configuration 1-6. Thisfield is not present in FDD) — 2 bits

If the UE is not configured to decode PDCCH with CRC scrambled by the C-RNTI and the number of information bits
informat 1 isequal to that for format 0/1A, one bit of value zero shall be appended to format 1.

If the UE is configured to decode PDCCH with CRC scrambled by the C-RNTI and the number of information bitsin
format 1 isequal to that for format 0/1A for scheduling the same serving cell and mapped onto the UE specific search
space given by the C-RNTI as defined in [3], one bit of value zero shall be appended to format 1.

If the number of information bitsin format 1 belongs to one of the sizesin Table 5.3.3.1.2-1, one or more zero bit(s)
shall be appended to format 1 until the payload size of format 1 does not belong to one of the sizesin Table 5.3.3.1.2-1
and is not equal to that of format 0/1A mapped onto the same search space.

Table 5.3.3.1.2-1: Ambiguous Sizes of Information Bits.

| {12, 14, 16 ,20, 24, 26, 32, 40, 44, 56} |

5.3.3.1.3 Format 1A

DCI format 1A is used for the compact scheduling of one PDSCH codeword in one cell and random access procedure
initiated by a PDCCH order.

The following information is transmitted by means of the DCI format 1A:
- Carrier indicator — 0 or 3 bits. Thisfield is present according to the definitionsin [3].
- Flag for formatO/format1A differentiation — 1 bit, where value O indicates format 0 and value 1 indicates format 1A

Format 1A is used for random access procedure initiated by a PDCCH order only if format 1A CRC is scrambled
with C-RNTI and al the remaining fields are set as follows:

- Localized/Distributed VRB assignment flag — 1 bitisset to ‘0’
- Resource block assignment — ﬁogz(Ngé(Ngé +1)/2)-‘ bits, where all bits shall be set to 1

- Preamble Index — 6 bits
- PRACH Mask Index — 4 bits, [5]

- All the remaining bitsin format 1A for compact scheduling assignment of one PDSCH codeword are set to
zero

Otherwise,
- Localized/Distributed VRB assignment flag — 1 bit as defined in 7.1.6.3 of [3]
- Resource block assignment — ﬂogz(Ngg (NRs +1)/2ﬂ bits as defined in section 7.1.6.3 of [3]:

- For localized VRB:

’_I 0g, (N (N +1)/ 2)-‘ bits provide the resource allocation
- For distributed VRB:

-1f Ngs <50 or if the format 1A CRC is scrambled by RA-RNTI, P-RNTI, or SI-RNTI
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- ﬂ 0g,(Na (N& +1)/ 2)-‘ bits provide the resource alocation

- Else

- 1 bit, the M SB indicates the gap value, where value O indicates N, = Ny, and value 1 indicates

Ngap = Ngap,2

- ((Iogz(NF'fé(NF?BL +1)/2)-‘ —1) bits provide the resource allocation,
where Ng,, isdefinedin [2].

- Modulation and coding scheme — 5hits as defined in section 7.1.7 of [3]
- HARQ process number — 3 bits (FDD) , 4 bits (TDD)
- New dataindicator — 1 bit
- If the format 1A CRC is scrambled by RA-RNTI, P-RNTI, or SI-RNTI:

-1f N2- >50 and Localized/Distributed VRB assignment flag is set to 1

RB —
- the new data indicator bit indicates the gap value, where value O indicates N g, = N, and value

lindicates Ny = Ngg o -

- Else the new dataindicator bit is reserved.
- Else
- The new data indicator bit as defined in [5]
- Redundancy version — 2 bits
- TPC command for PUCCH — 2 hits as defined in section 5.1.2.1 of [3]
- If the format 1A CRC is scrambled by RA-RNTI, P-RNTI, or SI-RNTI:

- The most significant bit of the TPC command is reserved.

- The least significant bit of the TPC command indicates column Niag of the TBS table defined of [3].
- If least significant hitisOthen Niag = 2 elseNiqg = 3.

- Else
- The two bits including the most significant bit indicates the TPC command

- Downlink Assignment Index (thisfield is present in TDD for all the uplink —downlink configurations and only
appliesto TDD operation with uplink —downlink configuration 1-6. Thisfield is not present in FDD) — 2 bits

- SRSrequest — 0 or 1 bit. Thisfield can only be present in DCI formats scheduling PDSCH which are mapped onto
the UE specific search space given by the C-RNTI as defined in [3]. The interpretation of thisfield is provided in

section 8.2 of [3]

If the UE is not configured to decode PDCCH with CRC scrambled by the C-RNTI, and the number of information bits
informat 1A islessthan that of format O, zeros shall be appended to format 1A until the payload size equals that of
format 0.

If the UE is configured to decode PDCCH with CRC scrambled by the C-RNTI and the number of information bitsin
format 1A mapped onto a given search space is less than that of format 0 for scheduling the same serving cell and
mapped onto the same search space, zeros shall be appended to format 1A until the payload size equals that of format 0,
except when format 1A assigns downlink resource on a secondary cell without an uplink configuration associated with
the secondary cell.
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If the number of information bitsin format 1A belongsto one of the sizesin Table 5.3.3.1.2-1, one zero bit shall be
appended to format 1A.

When the format 1A CRC is scrambled with a RA-RNTI, P-RNTI, or SI-RNTI then the following fields among the
fields above are reserved:

- HARQ process number

- Downlink Assignment Index (used for TDD only and is not present in FDD)

5.3.3.1.3A Format 1B
DCI format 1B is used for the compact scheduling of one PDSCH codeword in one cell with precoding information.
The following information is transmitted by means of the DCI format 1B:

- Carrier indicator — 0 or 3 hits. Thefield is present according to the definitionsin [3].

- Localized/Distributed VRB assignment flag — 1 bit as defined in section 7.1.6.3 of [3]

- Resource block assignment — ﬂogz(Ngg (NRs +1)/2ﬂ bits as defined in section 7.1.6.3 of [3]

- For locdlized VRB:

(I 0g,(Ngs (N5 +2)/ 2)—| bits provide the resource allocation
- For distributed VRB:

-For N&s <50
- (Iogz(NF'?E'; (Nos +1)/ 2)—‘ bits provide the resource alocation

-For N> >50

- 1 bit, the MSB indicates the gap value, where value O indicates N g, = Ny, and value 1 indicates

Ngap = Ngap2

- ((Iogz(NF'fBL (N +1)/ 2)—‘ —1) bits provide the resource allocation
- Modulation and coding scheme — 5hits as defined in section 7.1.7 of [3]
- HARQ process humber — 3 bits (FDD) , 4 bits (TDD)
- New dataindicator — 1 bit
- Redundancy version — 2 bits
- TPC command for PUCCH — 2 bits as defined in section 5.1.2.1 of [3]

- Downlink Assignment Index (thisfield is present in TDD for al the uplink —downlink configurations and only
appliesto TDD operation with uplink —downlink configuration 1-6. Thisfield is not present in FDD) — 2 bits

- TPMI information for precoding — number of bits as specified in Table 5.3.3.1.3A-1

TPMI information indicates which codebook index isused in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [2]
corresponding to the single-layer transmission.

- PMI confirmation for precoding — 1 bit as specified in Table 5.3.3.1.3A-2
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If PMI confirmation indicates that the eNodeB has applied precoding according to PMI(s) reported by the UE, the
precoding for the corresponding RB(s) in subframe n is according to the latest PMI(s) in an aperiodic CSl reported on
or before subframe n-4.

Table 5.3.3.1.3A-1: Number of bits for TPMI information.

Number of antenna ports | Number
at eNodeB of bits

2 2

4 4

Table 5.3.3.1.3A-2: Content of PMI confirmation.

Bit field mapped

to index Message
0 Precoding according to the indicated TPMI in
the TPMI information field
1 Precoding using the precoder(s) according to
PMI(s) indicated in the latest aperiodic CSI
report.

For aperiodic CSI mode 2-2:

- Precoding of scheduled resource blocks
belonging to the reported preferred M
subband(s), use precoder(s) according to the
preferred M subband PMI(s) indicated in the
latest aperiodic CSI report;

- Precoding of scheduled resource blocks not
belonging to the reported preferred M
subband(s), precoding using a precoder
according to the wideband PMI indicated in the
latest aperiodic CSl report.

If the number of information bitsin format 1B is equal to that for format 0/1A for scheduling the same serving cell and
mapped onto the UE specific search space given by the C-RNTI as defined in [3], one bit of value zero shall be
appended to format 1B.

If the number of information bitsin format 1B belongs to one of the sizesin Table 5.3.3.1.2-1, one or more zero bit(s)
shall be appended to format 1B until the payload size of format 1B does not belong to one of the sizesin Table
5.3.3.1.2-1 and is not equal to that of format O/1A mapped onto the same search space.

5.3.3.14 Format 1C
DCI format 1C is used for very compact scheduling of one PDSCH codeword and notifying MCCH change [6].
The following information is transmitted by means of the DCI format 1C:

If the format 1C is used for very compact scheduling of one PDSCH codeword

- 1 bit indicates the gap value, where value O indicates N g, = N gy, and value Lindicates Ny, = Nggo
- For Ngs <50, there is no bit for gap indication
: DL step DL step . N
- Resource block assignment — |_| 09, QNVRB,gml I Ngg J (LNVRB’gapl I Ngg J+ D/ 2)-| bits as defined in
7.1.6.3 of [3] where Ny gg o1 iSdefinedin[2] and N3$ is defined in[3]

- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
Else

- Information for MCCH change notification — 8 bits as defined in section 5.8.1.3 of [6]
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- Reserved information bits are added until the size is equal to that of format 1C used for very compact

scheduling of one PDSCH codeword
5.3.3.1.4A Format 1D

DCI format 1D is used for the compact scheduling of one PDSCH codeword in one cell with precoding and power
offset information.

The following information is transmitted by means of the DCI format 1D:
- Carrier indicator — 0 or 3 bits. The field is present according to the definitionsin [3].
- Localized/Distributed VRB assignment flag — 1 bit as defined in section 7.1.6.3 of [3]

- Resource block assignment — (Iogz(NF%'g (NRs +1)/2)-‘ bits as defined in section 7.1.6.3 of [3]:

- For localized VRB:

’_I 0g, (N&s (N +1)/ 2)-‘ bits provide the resource allocation
- For distributed VRB:

-For N> <50
- (Iogz(NF'iBL (N% +D/ 2)-‘ bits provide the resource alocation

-For N&s >50

- 1 bit, the M SB indicates the gap value, where value O indicates N, = Ny, and value 1 indicates

Ngap = Ngap2
- ((Iogz(NF'fé(NF?BL +1)/2)-‘ —1) bits provide the resource allocation

- Modulation and coding scheme — 5hits as defined in section 7.1.7 of [3]
- HARQ process number — 3 bits (FDD), 4 bits (TDD)

- New dataindicator — 1 bit

- Redundancy version — 2 bits

- TPC command for PUCCH — 2 bits as defined in section 5.1.2.1 of [3]

- Downlink Assignment Index (thisfield is present in TDD for al the uplink —downlink configurations and only
appliesto TDD operation with uplink —downlink configuration 1-6. Thisfield is not present in FDD) — 2 bits

- TPMI information for precoding — number of bits as specified in Table 5.3.3.1.4A-1

TPMI information indicates which codebook index isused in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [2]
corresponding to the single-layer transmission.

- Downlink power offset — 1 bit as defined in section 7.1.5 of [3]

Table 5.3.3.1.4A-1: Number of bits for TPMI information.

Number of antenna ports | Number
at eNodeB of bits

2 2

4 4
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If the number of information bitsin format 1D is equal to that for format 0/1A for scheduling the same serving cell and
mapped onto the UE specific search space given by the C-RNTI as defined in [3], one bit of value zero shall be
appended to format 1D.

If the number of information bitsin format 1D belongsto one of the sizesin Table 5.3.3.1.2-1, one or more zero bit(s)
shall be appended to format 1D until the payload size of format 1D does not belong to one of the sizesin Table
5.3.3.1.2-1 and is not equal to that of format O/1A mapped onto the same search space.

5.3.3.1.5 Format 2
The following information is transmitted by means of the DCI format 2:
- Carrier indicator — 0 or 3 bits. The field is present according to the definitionsin [3].
- Resource allocation header (resource allocation type 0/ type 1) — 1 bit as defined in section 7.1.6 of [3]

If downlink bandwidth isless than or equal to 10 PRBS, thereis no resource alocation header and resource
alocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 defined in section 7.1.6.1 of [3]:

- (N e | P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined in section 7.1.6.2 of [3]:

- ]_I 09, (P)-\ bits of thisfield are used as a header specific to this resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

- (( N/ P-‘— [log,(P)] —1) bits provide the resource allocation

where the value of P depends on the number of DL resource blocks as indicated in section 7.1.6.1 of [3]
- TPC command for PUCCH — 2 bits as defined in section 5.1.2.1 of [3]

- Downlink Assignment Index (thisfield is present in TDD for all the uplink —downlink configurations and only
appliesto TDD operation with uplink —downlink configuration 1-6. Thisfield is not present in FDD) — 2 bits

- HARQ process humber - 3 bits (FDD), 4 bits (TDD)
- Transport block to codeword swap flag — 1 hit
In addition, for transport block 1:
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New dataindicator — 1 bit
- Redundancy version — 2 bits
In addition, for transport block 2;
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New dataindicator — 1 bit
- Redundancy version — 2 bits
Precoding information — number of bits as specified in Table 5.3.3.1.5-3

If both transport blocks are enabled, the transport block to codeword mapping is specified according to Table
5.3.3.1.5-1.
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In case one of the transport blocks is disabled as specified in section 7.1.7.2 of [3], the transport block to codeword
swap flag is reserved and the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2.

Table 5.3.3.1.5-1: Transport block to codeword mapping
(two transport blocks enabled).

trﬁ)nigggv\%?gk codeword O codeword 1
swap flag value (enabled) (enabled)
0 transport block 1 | transport block 2
1 transport block 2 | transport block 1

Table 5.3.3.1.5-2: Transport block to codeword mapping
(one transport block enabled).

transport block 1 transport block 2 (gggmg;d 0 (dﬁgggmggd 1
enabled disabled transport block 1 -
disabled enabled transport block 2 -

The interpretation of the precoding information field depends on the number of enabled codewords according to Table
5.3.3.1.5-4 and Table 5.3.3.1.5-5. Note that TPMI indicates which codebook index isused in Table 6.3.4.2.3-1 or Table
6.3.4.2.3-2 of [2]. For asingle enabled codeword, indices 18 to 34 inclusivein Table 5.3.3.1.5-5 are only supported for
retransmission of the corresponding transport block if that transport block has previoudly been transmitted using two
layers with closed-loop spatial multiplexing.

If the number of information bitsin format 2 belongs to one of the sizesin Table 5.3.3.1.2-1, one zero bit shall be
appended to format 2.

Some entriesin Table 5.3.3.1.5-4 and Table 5.3.3.1.5-5 are used for indicating that the eNodeB has applied precoding
according to PMI(s) reported by the UE. In these cases the precoding for the corresponding RB(s) in subframenis
according to the latest PMI(s) in an aperiodic CSI reported on or before subframe n-4. For aperiodic CSI mode 2-2:
Precoding of scheduled resource blocks belonging to the reported preferred M subband(s) use precoder(s) according to
the preferred M subband PMI indicated by the latest aperiodic CSI report; Precoding of scheduled resource blocks not
belonging to the reported preferred M subband(s) use a precoder according to the wideband PMI indicated by the latest
aperiodic CS| report.

Table 5.3.3.1.5-3: Number of bits for precoding information.

Number of antenna ports at eNodeB Number of bits for precoding information
2 3
4 6
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Table 5.3.3.1.5-4: Content of precoding information field for 2 antenna ports.

One codeword:
Codeword 0 enabled,
Codeword 1 disabled

Two codewords:
Codeword 0 enabled,
Codeword 1 enabled

Bit field Bit field
mapped to Message mapped Message
index to index

0 2 layers: Transmit 0 2 layers: Precoding

diversity corresponding to
precoder matrix

1(1 1

211 -

1 1 layer: Precoding 1 2 layers: Precoding
corresponding to corresponding to
precoding vector precoder matrix

b 1 /42 1 [1 1 }
2[] -]

2 1 layer: Precoding 2 2 layers: Precoding
corresponding to according to the latest
precoder vector PMI report on

T PUSCH, using the
[1 1] / \/E precoder(s) indicated
by the reported
PMI(s)

3 1 layer: Precoding 3 reserved
corresponding to
precoder vector

L' /V2

4 1 layer: Precoding 4 reserved
corresponding to
precoder vector
b -l /v2

5 1 layer: 5 reserved

Precoding according to
the latest PMI report on
PUSCH, using the
precoder(s) indicated by
the reported PMI(s),
if RI=2 was reported,
using 15t column
multiplied by ~/2 of all
precoders implied by the
reported PMI(s)

6 1 layer: 6 reserved
Precoding according to
the latest PMI report on

PUSCH, using the
precoder(s) indicated by
the reported PMI(s),
if RI=2 was reported,
using 2" column
multiplied by \/5 of all
precoders implied by the
reported PMI(s)
7 reserved 7 reserved
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Table 5.3.3.1.5-5: Content of precoding information field for 4 antenna ports.

One codeword: Two codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled

Bit field Bit field
mapped to Message mapped Message
index to index
0 4 layers: Transmit 0 2 layers: TPMI=0
diversity
1 1 layer: TPMI=0 1 2 layers: TPMI=1
2 1 layer: TPMI=1 . .
. . 15 2 layers: TPMI=15
16 1 layer: TPMI=15 16 2 layers: Precoding
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
17 1 layer: Precoding 17 3 layers: TPMI=0
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
18 2 layers: TPMI=0 18 3 layers: TPMI=1
19 2 layers: TPMI=1 . .
. . 32 3 layers: TPMI=15
33 2 layers: TPMI=15 33 3 layers: Precoding
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
34 2 layers: Precoding 34 4 layers: TPMI=0
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
35 -63 reserved 35 4 layers: TPMI=1
49 4 layers: TPMI=15
50 4 layers: Precoding
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
51 - 63 Reserved

5.3.3.1.5A Format 2A
The following information is transmitted by means of the DCI format 2A:
- Carrier indicator — 0 or 3 bits. The field is present according to the definitionsin [3].

- Resource alocation header (resource alocation type 0/ type 1) — 1 bit as defined in section 7.1.6 of [3]
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If downlink bandwidth is less than or equal to 10 PRBS, thereis no resource alocation header and resource
alocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type O as defined in section 7.1.6.1 of [3]

- (N e | P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined in section 7.1.6.2 of [3]

- ]_I 09, (P)-\ bits of thisfield are used as a header specific to this resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

: q_ N/ P-‘— [log,(P)] —1) bits provide the resource allocation

where the value of P depends on the number of DL resource blocks as indicated in section 7.1.6.1 of [3]
- TPC command for PUCCH — 2 bits as defined in section 5.1.2.1 of [3]

- Downlink Assignment Index (thisfield is present in TDD for al the uplink —downlink configurations and only
appliesto TDD operation with uplink —downlink configuration 1-6. Thisfield is not present in FDD) — 2 bits

- HARQ process humber - 3 bits (FDD), 4 bits (TDD)
- Transport block to codeword swap flag — 1 hit
In addition, for transport block 1:
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New dataindicator — 1 bit
- Redundancy version — 2 bits
In addition, for transport block 2;
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New dataindicator — 1 bit
- Redundancy version — 2 bits

Precoding information — number of bits as specified in Table 5.3.3.1.5A-1

If both transport blocks are enabled, the transport block to codeword mapping is specified according to Table
5.33.1.5-1

In case one of the transport blocks is disabled, the transport block to codeword swap flag is reserved and the transport
block to codeword mapping is specified according to Table 5.3.3.1.5-2.

The precoding information field is defined according to Table 5.3.3.1.5A-2. For asingle enabled codeword, index 1 in
Table 5.3.3.1.5A-2 is only supported for retransmission of the corresponding transport block if that transport block has
previously been transmitted using two layers with large delay CDD.

For transmission with 2 antenna ports, the precoding information field is not present. The number of transmission layers
isequal to 2 if both codewords are enabled; transmit diversity is used if codeword O is enabled while codeword 1 is
disabled.

If the number of information bitsin format 2A belongsto one of the sizesin Table 5.3.3.1.2-1, one zero bit shall be
appended to format 2A.
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Table 5.3.3.1.5A-1: Number of bits for precoding information.

Number of antenna ports at eNodeB Number of bits for precoding information
2 0
4 2

Table 5.3.3.1.5A-2: Content of precoding information field for 4 antenna ports.

One codeword: Two codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled

Bit field Bit field
mapped to Message mapped Message
index to index
0 4 layers: Transmit 0 2 layers: precoder
diversity cycling with large delay
CDD
1 2 layers: precoder 1 3 layers: precoder
cycling with large delay cycling with large delay
CDD CDD
2 reserved 2 4 layers: precoder
cycling with large delay
CDD
3 reserved 3 reserved

5.3.3.1.5B Format 2B
The following information is transmitted by means of the DCI format 2B:
- Carrier indicator — 0 or 3 bits. The field is present according to the definitionsin [3].
- Resource allocation header (resource allocation type 0 / type 1) — 1 bit as defined in section 7.1.6 of [3]

If downlink bandwidth is less than or equal to 10 PRBS, thereis no resource alocation header and resource
alocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 as defined in section 7.1.6.1 of [3]

- (N e | P-‘ bits provide the resource allocation
- For resource allocation type 1 as defined in section 7.1.6.2 of [3]

- ]_I 09, (P)-\ bits of thisfield are used as a header specific to this resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

: q_ NS/ P-‘— [log, (P)-|—1) bits provide the resource allocation
where the value of P depends on the number of DL resource blocks asindicated in section [7.1.6.1] of [3]
- TPC command for PUCCH — 2 bits as defined in section 5.1.2.1 of [3]

- Downlink Assignment Index (thisfield is present in TDD for al the uplink —downlink configurations and only
appliesto TDD operation with uplink —downlink configuration 1-6. Thisfield is not present in FDD) — 2 bits

- HARQ process humber - 3 bits (FDD), 4 bits (TDD)

- Scrambling identity— 1 bit as defined in section 6.10.3.1 of [2]
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- SRS request — [0-1] hit. Thisfield can only be present for TDD and if present is defined in section 8.2 of [3]
In addition, for transport block 1:

- Modulation and coding scheme — 5 hits as defined in section 7.1.7 of [3]

- New dataindicator — 1 bit

- Redundancy version — 2 bits
In addition, for transport block 2:

- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]

- New dataindicator — 1 bit

- Redundancy version — 2 bits

If both transport blocks are enabled, the number of layers equals two; transport block 1 is mapped to codeword 0; and
transport block 2 is mapped to codeword 1. Antenna ports 7 and 8 are used for spatial multiplexing.

In case one of the transport blocksis disabled, the number of layers equals one; the transport block to codeword
mapping is specified according to Table 5.3.3.1.5-2; and the antenna port for single-antenna port transmission is
according to Table 5.3.3.1.5B-1.

Table 5.3.3.1.5B-1: Antenna port for single-antenna port transmission (one transport block disabled).

New data indicator of the disabled transport block | Antenna port
0 7

1 8

If the number of information bitsin format 2B belongs to one of the sizesin Table 5.3.3.1.2-1, one zero bit shall be
appended to format 2B.

5.3.3.1.5C Format 2C
The following information is transmitted by means of the DCI format 2C:
- Carrier indicator — 0 or 3 hits. Thefield is present according to the definitionsin [3].
- Resource allocation header (resource allocation type 0/ type 1) — 1 bit as defined in section 7.1.6 of [3]

If downlink bandwidth is less than or equal to 10 PRBS, thereis no resource alocation header and resource
alocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 as defined in section 7.1.6.1 of [3]
- ’_N R / P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined in section 7.1.6.2 of [3]

- ﬂ 09, (Pﬂ bits of thisfield are used as a header specific to this resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

- (( N/ P-‘— [log,(P)] —1) bits provide the resource allocation

where the value of P depends on the number of DL resource blocks asindicated in section [7.1.6.1] of [3]

- TPC command for PUCCH — 2 bits as defined in section 5.1.2.1 of [3]
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- Downlink Assignment Index (thisfield is present in TDD for al the uplink —downlink configurations and only
appliesto TDD operation with uplink —downlink configuration 1-6. Thisfield is not present in FDD) — 2 bits
- HARQ process humber - 3 bits (FDD), 4 bits (TDD)

- Antenna port(s), scrambling identity and number of layers — 3 bits as specified in Table 5.3.3.1.5C-1 where ncip is
the scrambling identity for antenna ports 7 and 8 defined in section 6.10.3.1 of [2]

- SRS request —[0-1] bit. Thisfield can only be present for TDD and if present is defined in section 8.2 of [3]
In addition, for transport block 1:

- Modulation and coding scheme — 5 hits as defined in section 7.1.7 of [3]

- New dataindicator — 1 bit

- Redundancy version — 2 bits
In addition, for transport block 2:

- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]

- New dataindicator — 1 bit

- Redundancy version — 2 bits

If both transport blocks are enabled; transport block 1 is mapped to codeword O; and transport block 2 is mapped to
codeword 1.

In case one of the transport blocks is disabled; the transport block to codeword mapping is specified according to Table
5.3.3.1.5-2. For the single enabled codeword, Value =4, 5, 6 in Table 5.3.3.1.5C-1 are only supported for
retransmission of the corresponding transport block if that transport block has previously been transmitted using two,
three or four layers, respectively.

If the number of information bitsin format 2C belongs to one of the sizesin Table 5.3.3.1.2-1, one zero bit shall be
appended to format 2C.

Table 5.3.3.1.5C-1: Antenna port(s), scrambling identity and number of layers indication

One Codeword: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled
Value Message Value Message
0 1 layer, port 7, nscip=0 0 2 layers, ports 7-8, nscip=0
1 1 layer, port 7, nscip=1 1 2 layers, ports 7-8, nscip=1
2 1 layer, port 8, nscip=0 2 3 layers, ports 7-9
3 1 layer, port 8, nscip=1 3 4 layers, ports 7-10
4 2 layers, ports 7-8 4 5 layers, ports 7-11
5 3 layers, ports 7-9 5 6 layers, ports 7-12
6 4 layers, ports 7-10 6 7 layers, ports 7-13
7 Reserved 7 8 layers, ports 7-14
5.3.3.1.6 Format 3

DCI format 3 is used for the transmission of TPC commands for PUCCH and PUSCH with 2-bit power adjustments.
The following information is transmitted by means of the DCI format 3:

- TPC command number 1, TPC command number 2,..., TPC command number N
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L
where N = L%J , and where Lsomao 1S equal to the payload size of format 0 before CRC attachment when

format 0 is mapped onto the common search space, including any padding bits appended to format 0. The
parameter tpc-Index provided by higher layers determines the index to the TPC command for a given UE.

L L
If { f"f;aiOJ < f"r;‘a‘o , abit of value zero shall be appended to format 3.

5.3.3.1.7 Format 3A

DCI format 3A is used for the transmission of TPC commands for PUCCH and PUSCH with single bit power
adjustments.

The following information is transmitted by means of the DCI format 3A:

- TPC command number 1, TPC command number 2,..., TPC command number M

where M = Ligrmato, @d where Ligmao IS equal to the payload size of format 0 before CRC attachment when format

0 is mapped onto the common search space, including any padding bits appended to format 0. The parameter tpc-1ndex
provided by higher layers determines the index to the TPC command for a given UE.

5.3.3.1.8 Format 4
DCI format 4 is used for the scheduling of PUSCH in one UL cell with multi-antenna port transmission mode,
The following information is transmitted by means of the DCI format 4:

- Carrier indicator — 0 or 3 hits. Thefield is present according to the definitionsin [3].

UL
- Resource block assignment - max[ [log,(NUE(NLL +1)/2) ], {logszRB / P+ﬂm ] bits, where P is the
4

UL RBG size as defined in section 8.1.2 of [3]

- For resource allocation type O:

-The U—Iogz(NF%(Ngé +1)/2)-‘ j L SBs provide the resource allocation in the UL subframe as defined in
section 8.1.1 of [3]

- For resource allocation type 1:

[N /P+1 . . L
-The | log, 4 L SBs provide the resource allocation in the UL subframe as defined in

section 8.1.2 of [3]
- TPC command for scheduled PUSCH — 2 hits as defined in section 5.1.1.1 of [3]
- Cyclic shift for DM RS and OCC index — 3 bits as defined in section 5.5.2.1.1 of [2]

- UL index — 2 bitsas defined in sections 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (thisfield is present only for TDD operation
with uplink-downlink configuration 0)

- Downlink Assignment Index (DAI) — 2 bits as defined in section 7.3 of [3] (thisfield is present only for TDD
operation with uplink-downlink configurations 1-6)

- CSl request — 1 or 2 bits as defined in section 7.2.1 of [3]. The 2-bit field appliesto UEs that are configured with
more than one DL cell; otherwise the 1-bit field applies
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- SRS request — 2 bits as defined in section 8.2 of [3]
- Resource allocation type — 1 bit as defined in section 8.1 of [3]

In addition, for transport block 1:
- Modulation and coding scheme and redundancy version — 5 bits as defined in section 8.6 of [3]
- New dataindicator — 1 bit

In addition, for transport block 2:
- Modulation and coding scheme and redundancy version — 5 bits as defined in section 8.6 of [3]
- New dataindicator — 1 bit

Precoding information and number of layers: number of bits as specified in Table 5.3.3.1.8-1. Bit field as shown in
Table5.3.3.1.8-2 and Table 5.3.3.1.8- 3. Note that TPMI for 2 antenna ports indicates which codebook index isto be
used in Table 5.3.3A.2-1 of [2], and TPMI for 4 antenna ports indicates which codebook index isto be used in Table
5.3.3A.2-2, Table 5.3.3A.2-3, Table 5.3.3A.2-4 and Table 5.3.3A.2-5 of [2]. If both transport blocks are enabled,
transport block 1 is mapped to codeword 0; and transport block 2 is mapped to codeword 1. In case one of the transport
blocksis disabled, the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2. For asingle
enabled codeword, indices 24 to 39 in Table 5.3.3.1.8-3 are only supported for retransmission of the corresponding
transport block if that transport block has previously been transmitted using two layers.

Table 5.3.3.1.8-1: Number of bits for precoding information.

Number of antenna ports at UE Number of bits for precoding information
2 3
4 6

Table 5.3.3.1.8-2: Content of precoding information field for 2 antenna ports

One codeword: Two codewords:
Codeword 0 enabled Codeword 0 enabled
Codeword 1 disabled Codeword 1 enabled
Bit field mapped to index Message Bit field mapped to index Message

0 1 layer: TPMI=0 0 2 layers: TPMI=0
1 1 layer: TPMI=1 1-7 reserved
2 1 layer: TPMI=2
5 1 layer: TPMI=5

6-7 reserved
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Table 5.3.3.1.8-3: Content of precoding information field for 4 antenna ports

One codeword: Two codewords:
Codeword 0 enabled Codeword 0 enabled
Codeword 1 disabled Codeword 1 enabled
Bit field mapped to index Message Bit field mapped to index Message
0 1 layer: TPMI=0 0 2 layers: TPMI=0
1 1 layer: TPMI=1 1 2 layers: TPMI=1
23 1 layer: TPMI=23 15 2 layers: TPMI=15
24 2 layers: TPMI=0 16 3 layers: TPMI=0
25 2 layers: TPMI=1 17 3 layers: TPMI=1
39 2 layers: TPMI=15 27 3 layers: TPMI=11
40-63 reserved 28 4 layers: TPMI=0
29 -63 Reserved

If the number of information bitsin format 4 is equal to the payload size for DCI format 1, 2, 2A, 2B or 2C associated
with the configured DL transmission mode in the same serving cell, one zero bit shall be appended to format 4.

5.3.3.2 CRC attachment
Error detection is provided on DCI transmissions through a Cyclic Redundancy Check (CRC).

The entire PDCCH payload is used to calculate the CRC parity bits. Denote the bits of the PDCCH payload by
ag,8y,ay,das,...,a,_1, and the parity bitsby pg, p;, P2, P3,--. P 1. Aisthe PDCCH payload size and L is the number
of parity bits.

The parity bits are computed and attached according to section 5.1.1 setting L to 16 bits, resulting in the sequence
bo, bll b2! bgy---be,ly Where B = A+ L.

In the case where UE transmit antenna selection is not configured or applicable, after attachment, the CRC parity bits
are scrambled with the corresponding RNTI X, o, Xni 15+ Xenii 15 » Where X o corresponds to the MSB of the RNTI,

to form the sequence of bitsc,, ¢;,C,, Cs,...,Cg_1 - Therelation between ¢k and by is:
Ck:bk fOI’kZO,l,Z,...,A—l
Ci = (b + Xng ka)mod 2 for k=A, A+l A+2,..., A+15.

In the case where UE transmit antenna selection is configured and applicable, after attachment, the CRC parity bits of
PDCCH with DCI format 0 are scrambled with the antenna selection mask X, o, Xus 15+ Xag15 @S indicated in Table

5.3.3.2-1 and the corresponding RNTI X, i 9, X 10+ Xeyi 15 £0 form the sequence of bitscy, ¢;, ¢, C3,...,Cg_3. The
relation between ¢ and bk is:

C, =Dy fork=0,1,2,...,A1
Ci = (O + Xeng k_a + Xask_a)mod2  for k= A, A+l A+2,..., A+15.

Table 5.3.3.2-1: UE transmit antenna selection mask.

UE transmit antenna selection Antenna selection mask
< XAS,O' XAS,l7 R XAS,15 >
UE port 0 <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0>
UE port 1 <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 1>
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5.3.3.3 Channel coding

Information bits are delivered to the channel coding block. They are denoted by ¢,,c;,C,,Cs,...,Ck_; , Where K isthe
number of bits, and they are tail biting convolutionally encoded according to section 5.1.3.1.

After encoding the bits are denoted by dg) , dl(i) , dg) : déi) dgll, with i =01, and 2, and where D isthe number of
bits on the i-th coded stream, i.e., D=K .

5.3.34 Rate matching

A tail biting convolutionally coded block is delivered to the rate matching block. This block of coded bits is denoted by
di,d®,dP,d$,...,dY,, with i =01, and 2, and wherei isthe coded stream index and D is the number of bitsin
each coded stream. This coded block is rate matched according to section 5.1.4.2.

After rate matching, the bits are denoted by €,,€,,€,,€5,...,€_1 , Where E is the number of rate matched bits.

534 Control format indicator

Data arrives each subframe to the coding unit in the form of an indicator for the time span, in units of OFDM symbols,
of the DCI in that subframe of the corresponding DL cell. The CFl takes values CFI = 1, 2 or 3. For system bandwidths

N gg > 10, the span of the DCI in units of OFDM symbols, 1, 2 or 3, is given by the CFl. For system bandwidths
NS5 <10, the span of the DCI in units of OFDM symbols, 2, 3 or 4, is given by CFI+1.

|

Channel coding

The coding flow is shown in Figure 5.3.4-1.

0y, l

Figure 5.3.4-1 Coding for CFlI.

534.1 Channel coding
The control format indicator is coded according to Table 5.3.4-1.

Table 5.3.4-1: CFl code words.

CFl code word
CFI <bo, by, ..., bz >
1 <0,110110110,1,101,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1>
2 <1011010110110,1,101101,10,1,1,0,1,1,0,1,1,0>
3 <111101101,1011,0,110,1,10,1,1,0,1,1,0,1,1,0,1,1>
4
(Reserved) <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>

5.3.5 HARQ indicator (HI)

Data arrives to the coding unit in the form of indicators for HARQ acknowledgement for one transport block.
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The coding flow is shown in Figure 5.3.5-1.

" |

Channel coding

bo, by, b, l

Figure 5.3.5-1 Coding for HI.

5.35.1 Channel coding

The HI is coded according to Table 5.3.5-1, where for a positive acknowledgement HI = 1 and for a negative
acknowledgement HI = 0.

Table 5.3.5-1: HI code words.

HI code word
HI < bo, by, b2>
0 <0,0,0>
1 <111>
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Annex A (informative):
Change history
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Change history

Date TSG # TSG Doc. CR Rev [Subject/Comment Old New
2006-09 Skeleton 0.0.0
2006-10 Updated skeleton 0.0.0 [0.0.1
2006-10 Endorsed skeleton 0.0.1 |0.1.0
2006-11 Added TC. Added Broadcast, Paging and MBMS transport 0.1.0 |0.11

channels in Table 4.2-1.
2006-11 Endorsed v 0.2.0 0.1.1 |0.2.0
2006-12 Added CC. Added type of coding for each transport channel or 0.2.0 |0.21
control information.
2007-01 Editor’s version 0.2.1 [0.2.2
2007-01 Endorsed v 0.3.0 0.2.2 |0.3.0
2007-02 Added QPP turbo Interleaver description. 0.3.0 |0.3.1
2007-02 Editor’s version 0.3.1 |0.3.2
2007-02 Endorsed v 0.4.0 0.3.2 [0.4.0
2007-02 Added CRC details for PDSCH, PDCCH and PUSCH. Added QPP |0.4.0 |0.4.1

turbo-interleaver parameters. Set Z to 6144. Added details on code
block segmentation.

2007-02 Editor’s version 0.4.1 |0.4.2
2007-03 | RAN#35 | RP-070170 For information at RAN#35 0.4.2 [1.0.0
2007-03 Editor’s version 1.0.0 [1.0.1
2007-03 Editor’s version 1.0.1 [1.1.0
2007-05 Editor’s version 1.1.0 (1.1.1
2007-05 Editor’s version 1.1.1 [1.1.2
2007-05 Editor’s version 1.1.2 [1.2.0
2007-06 Added circular buffer rate matching for PDSCH and PUSCH. 120 (1.21
Miscellaneous changes.
2007-06 Editor’s version 1.2.1 [1.2.2
2007-07 Editor’s version 1.2.2 [1.2.3
2007-07 Endorsed by email following decision taken at RAN1#49b 1.2.3 [1.3.0
2007-08 Editor’s version including decision from RAN1#49bis. 1.3.0 [1.3.1
2007-08 Editor’s version 1.3.1 [1.3.2
2007-08 Editor’s version 1.3.2 [1.4.0
2007-09 Editor’s version with decisions from RAN1#50 1,40 |1,4,1
2007-09 Editor’s version 1.4.1 [1.4.2
10/09/07 | RAN#37 | RP-070730 - - |For approval at RAN#37 1.4.2 |[2.0.0
12/09/07 | RAN_37 | RP-070730 - - | Approved version 2.0.0 [8.0.0
28/11/07 | RAN_38 | RP-070949 | 0001 [ - |Update of 36.212 8.0.0 |8.1.0
05/03/08 | RAN_39 | RP-080145 | 0002 [ - |Update to 36.212 incorporating decisions from RAN1#51bis and 8.1.0 |8.2.0
RAN1#52
28/05/08 | RAN_40 | RP-080433 | 0003 [ - |Joint coding of CQI and ACK on PUCCH 8.2.0 [8.3.0
28/05/08 | RAN_40 | RP-080433 [ 0004 | 1 |ACK insertion into PUSCH 8.2.0 [8.3.0
28/05/08 | RAN_40 | RP-080433 [ 0005 [ 1 [Introduction of format 1C 8.2.0 |8.3.0
28/05/08 | RAN 40 | RP-080433 | 0006 [ 1 |Miscellaneous fixes to 36.212 8.2.0 [8.3.0
28/05/08 | RAN 40 | RP-080433 | 0008 [ 1 |On multiplexing scheme for indicators 8.2.0 [8.3.0
28/05/08 | RAN_40 | RP-080433 | 0009 [ 1 |On the soft buffer split of MIMO and TDD 8.2.0 [8.3.0
28/05/08 | RAN_40 | RP-080433 | 0010 [ - |Resource assignment field for distributed VRB 8.2.0 [8.3.0
28/05/08 | RAN_40 | RP-080433 | 0011 [ - |Clarifying the use of the different DCI formats 8.2.0 [8.3.0
28/05/08 | RAN_40 | RP-080433 | 0012 | 1 |Clarifying the value of N 8.2.0 |8.3.0
28/05/08 | RAN_40 | RP-080433 | 0013 [ - |Payload size for DCI formats 3 and 3A 8.2.0 [8.3.0
28/05/08 | RAN_40 | RP-080433 [ 0014 [ - [Coding of ACK on PUSCH 8.2.0 |8.3.0
28/05/08 | RAN_40 | RP-080433 | 0015 [ 1 |Coding of Rl on PUSCH and mapping 8.2.0 [8.3.0
28/05/08 | RAN 40 | RP-080433 | 0016 | - [CRC for control information on PUSCH 8.2.0 [8.3.0
28/05/08 | RAN_40 | RP-080433 [ 0017 | - |Introduction of Downlink Assignment Index 8.2.0 [8.3.0
28/05/08 | RAN_40 | RP-080433 [ 0018 | - |Coding of CQI/PMI on PUSCH coming from PUCCH 8.2.0 [8.3.0
28/05/08 | RAN_40 | RP-080433 | 0019 [ - |Simultaneous transmission of aperiodic CQI and UL control 8.2.0 [8.3.0
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