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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 the first 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 is incremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z the third digit is incremented 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.

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

o For a specific reference, subsequent revisions do not apply.
e For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including

a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document.

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

[2] 3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and
modulation™.

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

[4] 3GPP TS 36.306: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)

radio access capabilities".

[5] 3GPP TS36.321, “Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access
Control (MAC) protocol specification”

3 Definitions, symbols and abbreviations

3.1 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 same term, if any, in [1].

Definition format

<defined term>: <definition>.

3.2 Symbols

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

N FE’E'; Downlink bandwidth configuration, expressed in number of resource blocks [2]

N SBL Uplink bandwidth configuration, expressed in number of resource blocks [2]

Nomp Number of SC-FDMA symbols carrying PUSCH in a subframe

stLrJnSbCH'i”iﬁa' Number of SC-FDMA symbols carrying PUSCH in the initial PUSCH transmission subframe

3GPP
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UL
Nsymb

N SRS

3.3

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

Abbreviations

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

3GPP TS 36.212 V8.8.0 (2009-12)

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
SRS Sounding Reference Signal
TDD Time Division Duplexing
TPMI Transmitted Precoding Matrix Indicator
UClI 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 channels to 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

UClI

PUCCH, PUSCH

3GPP



Release 8 8 3GPP TS 36.212 V8.8.0 (2009-12)

4.2 Downlink

Table 4.2-1 specifies the mapping of the downlink transport channels to 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
CFI 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 ay,a,,a,, a3,...,8_3, and the parity bits by py, p;, P2, Pz, PL1- A

is the 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:

_ gCRCZ4A(D) - [D24 + D23 + D18 + Dl7 + D14 + Dll + DlO + D7 + D6 + D5 + D4 + D3 +D+ 1] and;
- Qcreus(D) = [D* + D + D® + D° + D + 1] for a CRC length L = 24 and;

- Ocrews(D) = [D* + D' + D° + 1] for a CRC length L = 16.

- geres(D) = [D® + D" + D* + D* + D + 1] for a CRC length of L = 8.

The encoding is performed in a systematic form, which means that in GF(2), the polynomial:
a,D™? +a,D™? 1. .+a, ;D% + pyD?® +p,D? +...4+ p,, D + pog

yields a remainder equal to 0 when divided by the corresponding length-24 CRC generator polynomial, gcrcasa(D) OF
gcrea4s(D), the polynomial:

a,D*™ +a, D" 4. +a, ;D® + p,D* +p, D™ +...+ py, D + pys
yields a remainder equal to 0 when divided by gcre16(D), and the polynomial:

agDA7 + DA™ 4 +a, ;D8 + pgD’ + D8 +...+ pgDL + py

3GPP
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yields a remainder equal to 0 when divided by gcres(D).
The bits after CRC attachment are denoted by by, by, b,,bs,...,bg 1, where B = A+ L. The relation between a and by is:
b, =a, fork=0,1,2,...,A-1

by = Pe_a fork = A, A+1, A+2,..., A+L-1.

51.2 Code block segmentation and code block CRC attachment

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

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

- Z=6144.
If the number of filler bits F calculated below is not 0, filler bits are added to the beginning of the first block.
Note that if B < 40, filler bits are added to the beginning of the code block.
The filler 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

Number of code blocks: C =[B/€ L .
B'=B+C-L
end if

The bits output from code block segmentation, for C = 0, are denoted by ¢, C,1,C;,Cr3,-...Cr g, -1~ » Where I is the
code block number, and K, is the number of bits for the code block number r.

Number of bits in each code block (applicable for C = 0 only):
First segmentation size: K, = minimum K in table 5.1.3-3 such that 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

3GPP
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. C-K,-B’
Number of segments of size K_: C_ = A;J :
K
Number of segments of size K, : C, =C-C_

end if

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

fork=0to F-1 -- Insertion of filler bits
Cox =< NULL >
end for
k=F
s=0
forr=0to C-1
if r<C_
K, =K_
else
K, =K,
end if

while k <K, —L
Cre =D
k=k+1
S=s+1

end while

ifC>1

The sequence c,q,c,1,Cp,Cra,---Cr g, -1~ 19 USed to calculate the CRC parity bits pyq, i, Pross Pra>

according to subclause 5.1.1 with the generator polynomial gcreass(D). For CRC calculation it is
assumed that filler bits, if present, have the value 0.

whilek < K,

Crk = 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;,C,, Cs,...,Cx_;, Where K is the

number of bits to encode. After encoding the bits are denoted by déi) , dl(i) , déi) , déi) e d gll , where D is the number of

3GPP
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encoded bits per output stream and i indexes the encoder output stream. The relation between ¢, and dlfi) and between
K and D is dependent on the channel coding scheme.

The following channel coding schemes can be applied to TrCHs:
- tail biting convolutional coding;
- turbo coding.

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 types is shown in table 5.1.3-2.

The values of D in connection with each coding scheme:
- tail biting convolutional coding with rate 1/3: D = K;
- turbo coding with rate 1/3: D = K + 4.

The range for the output stream index i is 0, 1 and 2 for both coding schemes.

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

TrCH Coding scheme | Coding rate
UL-SCH
DII‘DCS:S H Turbo coding 1/3
MCH
Tall 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
CFlI Block code 1/16
HI Repetition code 1/3
Block code variable
Tail bitin
ucl convolutiogal 1/3
coding

5.13.1 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.

The initial 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 sy, S, S5,..., S5, then the initial value of the shift register shall be set to

Si =C&-1-i”

3GPP
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Ck
» D » D » D » D » D » D
0
%3 5 %3 Lol | 9660 =133 (octal)
"o > > "D >
1
% A Y AR, L d6Gi=171 (octa
> > > >t
% o o 5y O Ga =165 (octal
U U U U >

Figure 5.1.3-1: Rate 1/3 tail biting convolutional encoder

The encoder output streams d éo) , dlﬁl) and d IEZ) 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 is illustrated in figure 5.1.3-2.

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

G(D) = |:1 9,(D)
90(D)

where
go(D) =1+ D*+ D%,
gi(D)=1+D + D>

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

The output from the turbo encoder is

dlEO) =X
dlgl) = Zk
4 =1

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) at its input and shall set d{® =< NULL >, k=0,...,(F-1) and

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

The bits input to the turbo encoder are denoted bycg,c;,C,,C3,...,Cx_4, and the bits output from the first and second 8-
state constituent encoders are denoted by z,, 2,25, Z3,...,Zx_yand 2y, 21, 25, 23,...,Z 4 , respectively. The bits output

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

3GPP
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1st constituent encoder

Output

D
Cx
}& /—I-—\ » D > »
D
Input
Turbo code internal .
interleaver 2nd constituent encoder
(0]
utput >q_\ N
Ck
\—@—1> D > >
A
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

Trellis termination 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.

The first 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
constituent 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 d|(<21 =Zk1 d+(<12 = XK d|(<33 =ZKku
1 1 1 ’ 1 ’

dr(<) =g, dr(<)+1 =Xk+2: d;(<12 =ZK d|(<)+3 = XK+2

2 2 2 ' 2 '
d|(<) =XK1 dr(ozl =ZKk42, dr(ozz = X4 dfda =2k,

5.1.3.2.3 Turbo code internal interleaver

The bits input to the turbo code internal interleaver are denoted by ¢y, Cy,...,Cx_4 , Where K is the number of input bits.

The bits output from the turbo code internal interleaver are denoted by cg, ¢[,...,Ck 5 -

The relationship between the input and output bits is as follows:

c =CnC i=0, 1,..., (K-1)

3GPP
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where the relationship between the output index i and the input index TI(i) satisfies the following quadratic form:
riGiy= €, i+ f,-i? modK
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

i Ki f, f, i Ki f, fy i Ki f, fy i Ki f, f,

1| 40 3 10 |48 | 416 | 25 | 52 | 95 | 1120 | 67 | 140 | 142 | 3200 | 111 | 240
2 | 48 7 12 |49 | 424 | 51 | 106 | 96 | 1152 | 35 | 72 | 143 | 3264 | 443 | 204
3 | 56 | 19 | 42 |50 | 432 | 47 | 72 | 97 | 1184 | 19 | 74 | 144 | 3328 | 51 | 104
4 | 64 7 16 [ 51 | 440 | 91 | 110 | 98 | 1216 | 39 | 76 | 145 | 3392 | 51 | 212
5| 72 7 18 |52 | 448 | 29 | 168 | 99 | 1248 | 19 | 78 | 146 | 3456 | 451 | 192
6 | 80 | 11 | 20 |53 | 456 | 29 | 114 | 100 | 1280 | 199 | 240 | 147 | 3520 | 257 | 220
7 | 88 5 22 |54 | 464 | 247 | 58 | 101 | 1312 | 21 | 82 | 148 | 3584 | 57 | 336
8 | 96 | 11 | 24 | 55| 472 | 29 | 118 | 102 | 1344 | 211 | 252 | 149 | 3648 | 313 | 228
9 |104 | 7 26 | 56 | 480 | 89 | 180 | 103 | 1376 | 21 | 86 | 150 | 3712 | 271 | 232
10 | 112 | 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
13 1136 | 9 34 | 60| 512 | 31 | 64 | 107 | 1504 | 49 | 846 | 154 | 3968 | 375 | 248
14 | 144 | 17 | 108 | 61 | 528 | 17 | 66 | 108 | 1536 | 71 | 48 | 155 | 4032 | 127 | 168
15152 | 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 1168 | 101 | 84 |64 | 576 | 65 | 96 | 111 | 1632 | 25 | 102 | 158 | 4224 | 43 | 264
18 | 176 | 21 | 44 | 65| 592 | 19 | 74 | 112 | 1664 | 183 | 104 | 159 | 4288 | 33 | 134
19 | 184 | 57 | 46 |66 | 608 | 37 | 76 | 113 | 1696 | 55 | 954 | 160 | 4352 | 477 | 408
20 | 192 | 23 | 48 | 67 | 624 | 41 | 234|114 | 1728 | 127 | 96 | 161 | 4416 | 35 | 138
21 1200 | 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
231216 | 11 | 36 |70 | 672 | 43 | 252 | 117 | 1824 | 29 | 114 | 164 | 4608 | 337 | 480
24 1224 | 27 | 56 | 71| 688 | 21 | 86 | 118 | 1856 | 57 | 116 | 165 | 4672 | 37 | 146
25 | 232 | 85 | 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
31 | 280|103 | 210 | 78| 800 | 17 | 80 | 125 | 2112 | 17 | 66 | 172 | 5120 | 39 | 80
32288 | 19 | 36 | 79| 816 | 127 | 102 | 126 | 2176 | 171 | 136 | 173 | 5184 | 31 | 96
331296 | 19 | 74 |80 | 832 | 25 | 52 | 127 | 2240 | 209 | 420 | 174 | 5248 | 113 | 902
34 1304 | 37 | 76 |81 | 848 | 239 | 106 | 128 | 2304 | 253 | 216 | 175 | 5312 | 41 | 166
35312 | 19 | 78 |82 | 864 | 17 | 48 | 129 | 2368 | 367 | 444 | 176 | 5376 | 251 | 336
36 1320 | 21 | 120 | 83 | 880 | 137 | 110 | 130 | 2432 | 265 | 456 | 177 | 5440 | 43 | 170
37328 | 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 | 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
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514 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 streams d(*, d® and d (*’, followed by the collection of bits and the generation of a circular buffer as
depicted in Figure 5.1.4-1. The output bits for each code block are transmitted as described in subclause 5.1.4.1.2.

d© v
k Sub-block ko
| interleaver d
virtual circular
buffer
e
dlsl) s v . W . . k
ub-block K o Bit k Bit selection 3
interleaver "1 collection and pruning
(2) (2)
dk_> Sub-block Vi
interleaver d

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

The bit stream d éo) is interleaved according to the sub-block interleaver defined in subclause 5.1.4.1.1 with an output

sequence defined as v{?,v{® v{? ,...,vff;_l and where K, is defined in subclause 5.1.4.1.1.

The bit stream dél) is interleaved according to the sub-block interleaver defined in subclause 5.1.4.1.1 with an output

sequence defined as v, v, v vf& .

The bit stream d éz) is interleaved according to the sub-block interleaver defined in subclause 5.1.4.1.1 with an output

sequence defined asv{? ,v{? v{? ’""V§<2r)1—l .

The sequence of bits e, for transmission is generated according to subclause 5.1.4.1.2.

514.1.1 Sub-block interleaver

The bits input 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 Cl%piock = 32 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1,

2,...,C&Spiock —1from left to right.

TC

(2) Determine the number of rows of the matrix R1gpiock » by finding minimum integer Ry, 0.

¢ such that:

TC TC )
D< ésubblock % Cubblock _

The rows of rectangular matrix are numbered 0, 1, 2,..., Ra%p0ck —1 from top to bottom.
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N .
3) 1 €S iock * ClSpiook > D+ then Np = QG piock X ClGpio0x —D_ dummy bits are padded such that y, = <NULL>
fork=0, 1...., Np- 1. Then, write the input bit sequence, i.e. yy_ . = d®, k=0,1,..,D-1,into

the Q7S e X CIC 4 1oek _matrix row by row starting with bit y, in column 0 of row 0:

TC
yo yl y2 stubeock*1
TC TC TC TC
stu_bmock stub.block*'l stubplock+2 . yZCsupblock—l
YRIC vcTC YRIC vcTC 1 VRIS cTC o 7 YRc cIC g
(Rsubblock D*Csubblock (Rsubblock D*Csubblockt (Rsubblock D*Csubblockr (RsubblockCsubblockL)

For d®andd{®:

(4) Perform the inter-column permutation for the matrix based on the pattern <Pﬁ EJ.E 011 that is shown in

----- C;—lﬁ)blocrl
table 5.1.4-1, where P(j) is the original column position of the j-th permuted column. After permutation of the

columns, the inter-column permuted Q7S o0 x CIS 0 Matrix is equal to

Ve Yeq) Ye(2) - YT bioscd)

TC TC TC e TC TC
yP(0)+(?subb|ock yP(1)+(?subb|ock yP(2)+(?subb|ock ) yP(Csu bblock L+Csubblock

y y

TC TC TC TC TC TC e TC TC TC
P(0)+(Rsubblock D*Csubblock yP(l)"'(Rsubblock_l)xcsubblock P(2)+(Rsubblock D*Csubblock yP(CsubbIocl<_1)+(Rsubblocl<_1)><Csu bblock

(5) The output of the block interleaver is the bit sequence read out column by column from the inter-column
permuted (z;ﬁ)b,ock % CIC iock _matrix. The bits after sub-block interleaving are denoted

byvg’,vfi),vg),...,v}(&_l, where v{" corresponds to ypg),v{” toy

TC TC )
and Ky = ésubblock % Cgiivblock _-

TC e
P(0)+Csubblock

Ford(®:

(4) The output of the sub-block interleaver is denoted by v, v{? v{? ""’Vf<2r)1—l’ where v =y, and where

k N

z(k)= Pﬂ?“}rclﬁ)block x €mod Ribiock 31 |{mModKyy
subblock

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
Cubblock <P(0),P@),.... P(Cgupiock —1) >

<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 >

32

5.1.4.1.2 Bit collection, selection and transmission

The circular buffer of length K, =3K; for the r-th coded block is generated as follows:
W :vﬁo) fork=0,..., Ky -1

WKH+2k :Vigl) fOI’k:O,, KH -1
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Wy ok =V fork=0,..., Ky -1

Denote the soft buffer size for the transport block by N bits and the soft buffer size for the r-th code block by N, bits.
The size N, is obtained as follows, where C is the number of code blocks computed in subclause 5.1.2:

-Ng, = min&%J, ij for downlink turbo coded transport channels
- Ny =K, for uplink turbo coded transport channels

where Ny is equal to:

N = Nsoft
IR = -
Kmimo -min (/' pL_HARQs Miimit

where:
Nsoft IS the total number of soft channel bits [4].

Kmivo is equal to 2 if the UE is configured to receive PDSCH transmissions based on transmission modes 3 or 4 as
defined in Section 7.1 in [3], 1 otherwise.

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

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

Define by G the total number of bits available for the transmission of one transport block.
SetG' =G/ -Q, : where Q,, is equal to 2 for QPSK, 4 for 16QAM and 6 for 64QAM, and where
- N isequal to 1 for transport blocks mapped onto one transmission layer, and
- N_isequal to 2 for transport blocks mapped onto two or four transmission layers.
Set y =G'modC , where C is the number of code blocks computed in subclause 5.1.2.
ifr<C-y-1
setE=N_-Q,-|G'/C_
else
setE=N_-Q,-[G'/C
end if

Ncb

Setko = Ritbpiock - 2‘{—
8R;rucbblock

}-rvidX + 2] , where R{Gpock i the number of rows defined in subclause 5.1.4.1.1.

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

if W(k0+j)m0chb #< NULL >

€k = W(ko+j)modNg,

k=k+1
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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 éo) \ dlﬁl) and d ,EZ) , followed by the collection of bits and the generation of a circular buffer as
depicted in Figure 5.1.4-2. The output bits are transmitted as described in subclause 5.1.4.2.2.

d sub-block | V&
» interleaver d
virtual circular
buffer
€
dow v . W . . k
k Sub-block K o Bit k Bit selection }
interleaver 7| collection and pruning
d& sub-block | V&
» interleaver d

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

The bit stream d éo) is interleaved according to the sub-block interleaver defined in subclause 5.1.4.2.1 with an output

0

sequence defined as v{? ,v\? v ,...v  and where K, is defined in subclause 5.1.4.2.1.

11
The bit stream dlﬁl) is interleaved according to the sub-block interleaver defined in subclause 5.1.4.2.1 with an output
sequence defined as v, v, v{ vfi?1 oy
The bit stream d éz) is interleaved according to the sub-block interleaver defined in subclause 5.1.4.2.1 with an output
sequence defined asv{? v v@ .. v®

K-l

The sequence of bits e, for transmission is generated according to subclause 5.1.4.2.2.

51421 Sub-block interleaver

The bits input to the block interleaver are denoted by déi),dl(i),dg),...,dg)_l , where D is the number of bits. The output
bit sequence from the block interleaver is derived as follows:

(1) Assign CSS1 ook = 32 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1,
2,...,CS8 ek —1from left to right.

(2) Determine the number of rows of the matrix RSy ock » by finding minimum integer RS$S, o0 Such that:

cc cc )
D< ésubblock % Clbblock _

The rows of rectangular matrix are numbered 0, 1, 2,..., R;Cbblock —1from top to bottom.
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N .
3) 1 € Ciock <C oiock > D, then N = € SSyek % CSpioek — D dummy bits are padded such that y, = <NULL>
fork=0, 1,..., Np- 1. Then, write the input bit sequence, i.e. yy_ =d® k=0, 1,...,D-1, into

the €SSs100 x CSSp00x  Matrix row by row starting with bit y, in column 0 of row 0:

Yo Y1 Y2 Yecc
subblock
Y.cc Y.cc Y.cc Y, ~cc
Csupblock Csubplock+1 Csubplock+2 . zcsutzmocl(1
Y ncc cc Y ncc cc Y, ncc cc - Yocc cc
(Rsubblock_l)xcsubblock (Rsubblock_l)xcsubblockJr:L (RsubbIuck_]‘)xcsubblockJ”2 (RsubblocIZ(Csubblock_l)

(4) Perform the inter-column permutation for the matrix based on the pattern <P(Ej€ 0=1 that is shown in

----- C&Eblockd
table 5.1.4-2, where P(j) is the original column position of the j-th permuted column. After permutation of the

columns, the inter-column permuted (egfbb,ock x CEC ek Matrix is equal to

cc
yP(o) yP(l) yp(g) yF’(Csubblocltl)
Yo 0yscSe Yom):cSS Yoysccc Yoece, 4y.ccc
(0)+Csiibblock (D+Cstbblock (2)+Csiibblock . (Csubblock D+Csuubblock
cc cc cc cc cc cc cc cc cc
yP(0)+(Rsubb|ock—1)XCsubb|ock yP(1)+(Rsubblock—l)XCsubblock yP(2)+(Rsubb|ock—l)XCsubb|ock yP(Csubblock_l)"'(Rsubblock_l)xcsubblock

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

permuted €S, oy x CSC, 00k ‘matrix. The bits after sub-block interleaving are denoted by v{’,v{", v{" ,...,vf&_l,

[ i cc cc )
where vé) corresponds to Yp(q) , vl() to yP(0)+C§i%b|ock"' and Ky = ésubblock % Csupblock _

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

Number of columns Inter-column permutation pattern
cc cc
Csubblock < P(O), P(l)’---v 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 >

This block 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:
Wy :véo) fork=0,..., Ky -1
Wy o =V fork=0..... Ky -1
Wor o =Vi0 fork=0...., Ky -1

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

if Wjmoak, #< NULL >

€k = Wimodk,,
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k=k+1
end if
i=j+1

end while

5.1.5 Code block concatenation

The input bit sequence for the code block concatenation and channel interleaving block are the sequences e, , for
r=0,...,C-1 and k =0,...,E, —1. The output bit sequence from the code block concatenation and channel interleaving
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,
f =8y
k=k+1
j=j+1
end while
r=r+1

end while

5.2 Uplink transport channels and control information

5.2.1 Random access channel

The sequence index for the random access channel is received from higher layers and is processed according to [2].

5.2.2 Uplink shared channel

Figure 5.2.2-1 shows the processing structure for the UL-SCH transport channel. Data arrives to the coding unit in the
form of a maximum of one transport block every transmission time interval (TTI). The following coding steps can be
identified:

Add CRC to the transport block

Code block segmentation and code block CRC attachment
—  Channel coding of data and control information

— Rate matching

— Code block concatenation

—  Multiplexing of data and control information
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—  Channel interleaver

The coding steps for UL-SCH transport channel are shown in the figure below.

aO ’ al [ERRE]
Transport block
CRC attachment
bO’bl""vbB—l \ 4

aa l

Code block segmentation
Code block CRC attachment

Cr01Cr1!'

"’Cr(Kr _l) \ 4

Channel coding

R
Rate matching ACK ACK . ACK
00701 ’_”700_1 [O§| ] r [00R| 01R| ] [OO ] OF[OO Ol ] or
[OACK OACK "'OAEcIi_ ]
erO’erll"'!er(Er—l) v I 0 1 o 1
Code block Channel Channel Channel
concatenation coding coding coding
Rl RI RI ACK . ACK ACK
fo, fronfoa \ 4 vqo,ql ..... foua 1 b ""’qQRI*1 G % e lopck -t
Data and Control multiplexing
90+ 0191 y
Channel Interleaver
i oy hecy -1
Figure 5.2.2-1: Transport channel processing for UL-SCH
5.2.2.1 Transport block CRC attachment

Error detection is provided on UL-SCH transport blocks 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
1byay,ay,a,,a;,...,a5 1, and the parity bits by py, py, P2, Ps,...,PL_1 - A is the size of the transport block and L is the
number of parity bits. The lowest order information bit a, is mapped to the most significant bit of the transport block as

defined in Section

The parity bits are

6.1.1 of [5].

computed and attached to the UL-SCH transport block according to subclause 5.1.1 setting L to 24

bits and using the generator polynomial gcrcosa(D).
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5.2.2.2 Code block segmentation and code block CRC attachment

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

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

The bits after code block segmentation are denoted by €., Cy1,Cr2,C3,---,C, g, -1 Where r is the code block number
and K, is the number of bits for code block number r.

5.2.2.3 Channel coding of UL-SCH

Code blocks are delivered to the channel coding block. The bits in a code block are denoted by
Cr0+Cr1:Cr2,CrayeiCr g, -1 » Where r is the code block number, and K is the number of bits in code block number r.

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

After encoding the bits are denoted by d{),d®,d),d() ""'dr(ic):,—l‘ withi =01, and 2and where D, is the number of

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

5.2.2.4 Rate matching

Turbo coded blocks are delivered to the rate matching block. They are denoted by d9,d?,d9,d3,....d{g ;-

withi=0,1,and 2, and where r is the code block number, i is the coded stream index, and D, is the number of bits in

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 subclause 5.1.4.1.

After rate matching, the bits are denoted by e,,€,1,€,5,€3,-..,6, ¢ 1", Where r is the coded block number, and where

E, is the 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 e,,€,1,€,5,€3,....6,¢ 1~ for r=0,...,C-1 and
where E, is the number of rate matched bits for the r-th code block.

Code block concatenation is performed according to subclause 5.1.5.

The bits after code block concatenation are denoted by f,, f;, f,, f5,..., f5_; , where G is the total number of coded bits
for transmission 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 04,0;,0,,...,0¢_4 is done independently.

For TDD, two ACK/NACK feedback modes are supported by higher layer configuration.
- ACK/NACK bundling, and
- ACK/NACK multiplexing

For TDD ACK/NACK bundling, HARQ-ACK consists one or two bits information. For TDD ACK/NAK
multiplexing, HARQ-ACK consists of between one and four bits of information and the number of bits is determined as
described in Section 7.3 in [3].
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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

PUSCH —initial PUSCH —initial PUSCH
‘M sc : Nsymb ‘ﬁoﬁset 4.M PUSCH
c-1 ! : sC
Sk,

r=0

Q' =min

where O is the number of ACK/NACK bits or rank indicator bits, M&YS?" is the scheduled bandwidth for PUSCH
transmission in the current sub-frame for the transport block, expressed as a number of subcarriers in [2], and

N;ﬁ?’*'inma' is the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the same transport

- ~ -
block given by NoscH-ntel — ¢ QL1 > Nggg . where N g is equal to 1 if UE is configured to send PUSCH

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].

Otherwise N g is equal to 0. M EYSCH-l " C and K are obtained from the initial PDCCH for the same transport

block. If there is no initial PDCCH with DCI format 0 for the same transport block, M 2USCH="tal "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 is initiated by the random
access response grant.

For HARQ-ACK information Qo = Q,, - Q' and [ Bin " = BrtsQ A% ] where BLHAR A ghall be
determined according to [3].

RI

For rank indication Qg, =Q,, - Q" and [,[J’OF;E;CH = B3 .1, where B . shall be determined according to [3].

For HARQ-ACK information

— Each positive acknowledgement (ACK) is encoded as a binary ‘1’ and each negative acknowledgement (NAK)
is encoded as a binary ‘0’

—  If HARQ-ACK consists of 1-bit of information, i.e., [04'°¥ ], it i first encoded according to Table 5.2.2.6-1.

ACK

— If HARQ-ACK consists of 2-bits of information, i.e., [oé*CK olACK] with 0, corresponding to

ACK/NACK bit for codeword 0 and 01ACK corresponding to that for codeword 1, it is first encoded according

to Table 5.2.2.6-2 where 0, = (05" +0,**“ )mod2.

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

Qm Encoded HARQ-ACK
2 [0, y]

4 [05 y xX]

6 [0 y xxxx ]
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Table 5.2.2.6-2: Encoding of 2-bit HARQ-ACK

Om Encoded HARQ-ACK

2 [OACK 01ACK oéACK OéACK 01ACK O?CK]

4 [OACK ACK XX O;CK OéACK XX OACK O;CK X]

6 [0y ACK ACK X X X X o;\CK oé*CK X X X X ol"\CK OZACK X X X X]

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 bits in a way that
maximizes the Euclidean distance of the modulation symbols carrying HARQ-ACK information.

For the cases with FDD or TDD ACK/NAK multiplexing when HARQ-ACK consists of one or two bits information,

the bit sequence q¢'“, a5 ,...,a4" 1 is obtained by concatenation of multiple encoded HARQ-ACK blocks

where Qo s the total number of coded bits for all the encoded HARQ-ACK blocks. The last concatenation of the
encoded HARQ-ACK block may be partial so that the total bit sequence length is equal to Qack -

For the case with TDD ACK/NACK bundling, a bit sequence G, 0™, 0,"™ ...,G5 ; is obtained by

concatenation of multiple encoded HARQ-ACK blocks where Q,cx is the total number of coded bits for all the

encoded HARQ-ACK blocks. The last concatenation of the encoded HARQ-ACK block may be partial so that the total

bit sequence length is equal to Qack - A scrambling sequence I\/ACK ACKW2ACK W3ACK _ isthen selected from Table

5.2.2.6-A with index i = Q4 —1]‘0d 4, where N ,.qeq is determined as described in Section 7.3 in [3]. The

bit sequence g™, "™, 4, ..., a8 1 is then 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", G, " ... 054 as follows

Seti,kto0

while i < Qe

if GIACK =Yy /I place-holder repetition bit
ACK ACK ACK
q +Wi/m “mod?2

k =(k +1)mod4m
else
if §"“ =x I/ aplace-holder bit

~ ACK

q' - q|
else /I coded bit

ﬁ ACK ACK

+ Wiie/m :modZ

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

end while
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Table 5.2.2.6-A: Scrambling sequence selection for TDD ACK/NACK bundling

i ACK ACK ACK ACK
B w;
0 [1 11 1]
1 [L010]
2 [1100]
3 [1001]

For the case that HARQ-ACK consists of more than two bits information, i.e. [OACK 01ACK . gffK 1] with

O"™ > 2, the bit sequence g™, g™, g ,....q8SK ; is obtained as

OACK -1
ACK ACK
Q; z 6 M ¢modzzn ,mOdZ
n=0

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

The vector sequence output of the channel coding for HARQ-ACK information is denoted by qg\CK , qlACK . ,ngK X
— = —Qhck -

where Qacx =Qack / Qn » and is obtained as follows:

Seti,ktoO

while i < Qe

=0 el ]
i=i+Q,
k=k+1
end while

For rank indication (RI)

—  The corresponding bit widths for rank indication feedback for PDSCH transmissions are given by table
5.2.2.6.1-2,5.2.2.6.2-3,5.2.2.6.3-3, 5.2.3.3.1-3 and 5.2.3.3.2-4, which are determined assuming the
maximum number of layers according to the corresponding eNodeB antenna configuration and UE
category.

— If RI consists of 1-bit of information, i.e., [ooR'] , itis first encoded according to Table 5.2.2.6-3. [ooR'] to RI
mapping is given by Table 5.2.2.6-5.

— If RI consists of 2-bits of information, i.e., [00 01 ] with OO corresponding to MSB of 2-bit input and 01RI
corresponding to LSB, it is first encoded according to Table 5.2.2.6-4 where 0} = (of' +0f')mod2.

[o('fI olR' ] to RI mapping is given by Table 5.2.2.6-6.

Table 5.2.2.6-3: Encoding of 1-bit RI

Qm Encoded RI
2 [o;' ]

4 [o;' ¥y xX]

6 [of' y xxxx ]
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Table 5.2.2.6-4: Encoding of 2-bit RI

Qm Encoded RI

2 (o' of' of' of' of' 0]

4 [05I olR' X X 05' og“ xxolRI 05' X X]

6 [og“olR'xxxxozR'og”xxxxolR'ozR'xxxx]

Table 5.2.2.6-5: 05' to Rl mapping

ngl RI
0 1
1 2

Table 5.2.2.6-6: 05' , 01RI to RI mapping

ogel ’ OlRI RI
0,0 1
0,1 2
1,0 3
1,1 4

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 bits in a way that
maximizes the Euclidean distance of the modulation symbols carrying rank information.
The bit sequence qg' ,qu' ,q?' ,...,qgél 4 is obtained by concatenation of multiple encoded RI blocks where Qg is

the total number of coded bits for all the encoded RI blocks. The last concatenation of the encoded RI block may be
partial so that the total bit sequence length is equal to Qg, . The vector sequence output of the channel coding for rank

information is denoted by qg' , qu' qg' L where Qg = Qg /Qy,, and is obtained as follows:
- - —WRI

Seti ktoO

while i < Qg
g =l -l 1"
i=i+Q,
k=k+1

end while

For channel quality control information (CQI and/or PMI)

When the UE transmits channel quality control information bits, it shall determine the number of coded symbols Q' for
channel quality information as
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(O+L)- M PUsCH-inital |\ PUSCH-iniial _ gPUSCH Q
Q' =min — MEVSH NS — =RL lwhere O is the number of
m
S
r=0

0 Ox<11

. QCQI = Qm 'Q’ and [ﬂonfLsJeStCH = ﬂfff(s?elt !
8 otherwise

CQI bits, L is the number of CRC bits given by | :{

where ,B;&t shall be determined according to [3]. If rank indicator is not transmitted then Qg, =0.

M PuscH-intial "¢ “and K, are obtained from the initial PDCCH for the same transport block. If there is no initial
PDCCH with DCI format 0 for the same transport block, M 2USCH=tl " 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 is initiated by the random
access response grant.

N sl s the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the same transport

block.

For UL-SCH data information G = NJYSH.M2USH. Q. — Qe —Qpr » Where MY is the scheduled bandwidth for

PUSCH transmission in the current sub-frame for the transport block, and NSF;,‘fnSfH is the number of SC-FDMA

, where N g

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]. Otherwise N . is equal to 0.

symbols in the current PUSCH transmission sub-frame given by NZUSH = €. QL% 1:— Nars isequal to 1

symb symb™

— Ifthe payload size is less than or equal to 11 bits, the channel coding of the channel quality information is
performed according to subclause 5.2.2.6.4 with input sequence 0y, 04, 05,...,0g_1 -

— For payload sizes greater than 11 bits, the CRC attachment, channel coding and rate matching of the channel
quality information is performed according to subclauses 5.1.1, 5.1.3.1 and 5.1.4.2, respectively. The input bit
sequence to the CRC attachment is 0y, 0;,0,,...,05_; - 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 (,,0;,0,, q3,...,qQCQI iy

5.2.26.1 Channel quality information formats for wideband CQI reports

Table 5.2.2.6.1-1 shows the fields and the corresponding bit widths for the channel quality information feedback for
wideband reports for PDSCH transmissions associated with transmission mode 4 and transmission mode 6. N in Table
5.2.2.6.1-1 is defined in subclause 7.2 [3].
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Table 5.2.2.6.1-1: Fields for channel quality information (CQI) feedback for wideband CQI reports
(transmission mode 4 and transmission mode 6)

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 indication 2N N AN 4N

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.

Table 5.2.2.6.1-2: Fields for rank indication (RI) feedback for wideband CQI reports
(transmission mode 4)

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

The channel quality bits in Table 5.2.2.6.1-1 form the bit sequence 0,4,0;,0,,...,05_; With 0, corresponding to the first
bit of the first field in the table, o; corresponding to the second bit of the first field in the table, and o,_; corresponding

to the last bit in the last field in the table. The field of PMI 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 sequence in Table 5.2.2.6.1-2 is encoded
according to section 5.2.2.6.

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 and transmission mode 7. N in Table 5.2.2.6.2-1 is defined in subclause 7.2 [3].

Table 5.2.2.6.2-1: Fields for channel quality information (CQI) feedback for higher layer configured
subband CQI reports
(transmission mode 1, transmission mode 2, transmission mode 3 and transmission mode 7)

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

Table 5.2.2.6.2-2 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 and
transmission mode 6. N in Table 5.2.2.6.2-2 is defined in subclause 7.2 [3].

Table 5.2.2.6.2-2: Fields for channel quality information (CQI) feedback for higher layer configured
subband CQI reports
(transmission mode 4, transmission mode 5 and transmission mode 6)

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 indication 2 1 4 4

Table 5.2.2.6.2-3 shows the fields and the corresponding bit width for the rank indication feedback for higher layer
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configured subband CQI reports for PDSCH transmissions associated with transmission mode 3 and transmission mode
4,

Table 5.2.2.6.2-3: Fields for rank indication (RI) feedback for higher layer configured subband CQI
reports
(transmission mode 3 and transmission mode 4)

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

The channel quality bits in Table 5.2.2.6.2-1 through Table 5.2.2.6.2-2 form the bit sequence 0gy,0;,0,,...,00_5 With 0
corresponding to the first bit of the first field in each of the tables, o, corresponding to the second bit of the first field in
each of the tables, and og_; corresponding to the last bit in the last field in each of the tables. The field 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 sequence in Table 5.2.2.6.2-3 is encoded according to section 5.2.2.6.

5.2.2.6.3 Channel quality 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 and transmission mode 7. L in Table 5.2.2.6.3-1 is defined in subclause 7.2 [3].

Table 5.2.2.6.3-1: Fields for channel quality information (CQI) feedback for UE selected subband CQI
reports
(transmission mode 1, transmission mode 2, transmission mode 3 and transmission mode 7)

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

Table 5.2.2.6.3-2 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 4 and transmission mode 6. L in
Table 5.2.2.6.3-2 is defined in subclause 7.2 [3].

Table 5.2.2.6.3-2: Fields for channel quality information (CQI) feedback for UE selected subband CQI
reports
(transmission mode 4 and transmission mode 6)

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 O 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 indication 4 2 8 8

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 and transmission mode 4.
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Table 5.2.2.6.3-3: Fields for rank indication (RI) feedback for UE selected subband CQI reports
(transmission mode 3 and transmission mode 4)

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

The channel quality bits in Table 5.2.2.6.3-1 through Table 5.2.2.6.3-2 form the bit sequence 0y,0;,0,,...,00_5 With 0
corresponding to the first bit of the first field in each of the tables, o, corresponding to the second bit of the first field in
each of the tables, and oy_; 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 corresponds to
MSB and the last bit LSB. The RI bits sequence in Table 5.2.2.6.3-3 is encoded according to section 5.2.2.6.

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 0g,0;,05,03,...,00_1 Where O is the

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 bits is defined in subclause 5.2.3.3.1 for wideband reports and in subclause
5.2.3.3.2 for UE selected subbands reports. When PUSCH-based reporting format is used, the number of CQI/PMI bits
is defined in subclause 5.2.2.6.1 for wideband reports, in subclause 5.2.2.6.2 for higher layer configured subbands
reports and in subclause 5.2.2.6.3 for UE selected subbands reports.

The channel quality indication is first coded using a (32, O) block code. The code words of the (32, O) block code are a
linear combination of the 11 basis sequences denoted M; , and defined in Table 5.2.2.6.4-1.
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Table 5.2.2.6.4-1: Basis sequences for (32, O) code
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The encoded CQI/PMI block is denoted by by, b,,b,,bs,...,bg_; where B=32 and

0-1
b =Y €, -M;, Mod2 wherei=0,1,2, ..., B-L
n=0

The output bit sequence Q,,0};,0,, q3,...,qQCQI _, s obtained by circular repetition of the encoded CQI/PMI block as
follows

9i =bgmag~Wherei=0, 1,2, ..., Qcqr-l.

5.2.2.7 Data and control multiplexing

The control and data multiplexing is performed such that HARQ-ACK information is present on both slots and is
mapped to resources around the demodulation reference signals. In 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
0o, 0, qz,q3,...,qQCQI _,and the coded bits of the UL-SCH denoted by f,, f;, f,, f5,..., fg_;. The output of the data

and control multiplexing operation is denoted by 99,9, 9,9, where H = (3 + QCQI ;and H'=H/Q,,
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and where 9, i=0,..,H"—1 are column vectors of length Q,,. H is the total number of coded bits allocated for UL-
SCH data and CQI/PMI information.

The control information and the data shall be multiplexed as follows:

Seti, j,kto0

while j < QCQ, -- first place the control information

9, =[q; ---qj+Qm—1]T

j=1]+Qn
k=k+1
end while

while i <G --then place the data

9, [f;.. fi+Qm—1]T

i=i+Q,
k=k+1

end while

5228 Channel interleaver

The channel interleaver described in this subclause 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 information is present on both slots in the subframe and is mapped to resources around the uplink demodulation
reference signals.

The input to the channel interleaver are denoted by 95:9,:9,9,, qg',qu',q;',...,qg! 1 and
- = = - = - - —%RI

q(/;CK 90, q)% .,q 27 . The number of modulation symbols in the subframe is given by H"=H'+Qp, .. The

—Qack -1
output bit sequence from the channel interleaver is derived as follows:

(1) Assign Cp, = N&i" to be the number of columns of the matrix. The columns of the matrix are numbered 0,

1,2,...,Cpy —1 from left to right. NJJ5 is determined according to section 5.2.2.6.

(2) The number of rows of the matrix is R, = €"Q,, 1C,,, and we define R’ = Ry /Qn -

~ mux

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

mux

(3) If rank information is transmitted in this subframe, the vector sequence qg' ,qf' ,qZR' qg' 1 is written onto
=0 = = =QRI—

the columns indicated by Table 5.2.2.8-1, and by sets of Qy, rows starting from the last row and moving upwards
according to the following pseudocode.

Seti, jto 0.

Setrto Rj,, —1

while i < Qg

Cgry = Column Set §
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YoxCpperemr
i=i+1
r =R —1-i/4_
j=q+3nod4
end while
Where ColumnSet is given in 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 @, meUX: matrix by sets of Qp rows
starting with the vector y o in column 0 and rows 0 to Q, —1:and skipping the matrix entries that are already

occupied:
Y, Y, v, Yora
Xcmux XCm.ux+l Xcmyx*'z ) chmux_l
X(Rrynux_l)xcmux X(Rﬁ'lux_l)xcmux"'l X(Rﬁ'lux_l)xcmux"‘z X(Rﬁwuxxcmux_l)

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=i+l
end While
(5) If HARQ-ACK information is transmitted in this subframe, the vector sequence g?CK ,ngK ,QQCK ,...,QSECKK o

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

Seti, jto 0.

Setrto Rp, —1
while i < Qucx

Cack = ColumnSet §

_ACK
erCmUXJrcACK _gi
i=i+l

r= Rr,nux _1_|_i/4_
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Where ColumnSet is given in 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 @, % Crux

matrix. The bits after channel interleaving are denoted by hy, h, ,h,,...

h

7 H+Qp -1

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

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

Uplink control information on PUCCH

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

HARQ-ACK.
g, @y, Aa i
Channel coding
by, by,....bg 1 i
Figure 5.2.3-1: Processing for UCI
5.2.3.1 Channel coding for UCI HARQ-ACK

The HARQ acknowledgement bits are received from higher layers. HARQ-ACK consists of 1-bit of information, i.e.,
b, or 2-bits of information, i.e., by,b, with by corresponding to ACK/NACK bit for codeword 0 and by

corresponding to that for codeword 1. Each positive acknowledgement (ACK) is encoded as a binary ‘1’ and each
negative acknowledgement (NACK) is encoded as a binary ‘0’. The HARQ-ACK bits are processed according to [2].

5.2.3.2

The scheduling request indication is received from higher layers and is processed according to [2].

Channel coding for UCI scheduling request
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5.2.3.3 Channel coding for UCI channel quality information

The channel quality bits input to the channel coding block are denoted by ay,a,,a,,a;,...,a5y Where A is the number

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

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

Table 5.2.3.3-1: Basis sequences for (20, A) code

i | Mig | Mig | Mip | Mig | Mig | Mis | Mis | Miz | Mig | Mig | Migo | Migs | Migp
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
11 1 1 1 0 0 1 1 0 1 0 1 1 1
12 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 €, ‘M, mod2 wherei=0, 1,2, ..., B-1.
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 and transmission mode 7.

Table 5.2.3.3.1-1: UCI fields for channel quality information (CQI) feedback for wideband reports
(transmission mode 1, transmission mode 2, transmission mode 3 and transmission mode 7)

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 and transmission mode 6.
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Table 5.2.3.3.1-2: UCI fields for channel quality and precoding information (CQI/PMI) feedback for
wideband reports (transmission mode 4, transmission mode 5 and transmission mode 6)

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 indication 2 1 4 4

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 and transmission mode 4.

Table 5.2.3.3.1-3: UCI fields for rank indication (RI) feedback for wideband reports (transmission
mode 3 and transmission mode 4)

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

The channel quality bits in Table 5.2.3.3.1-1 through Table 5.2.3.3.1-3 form the bit sequence a,, a;,8,,83,...,854
with a, corresponding to the first bit of the first field in each of the tables, 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 o' replaced by a, . The RI feedback for two bits is mapped according to Table 5.2.2.6-6 with of'
replaced by ag, 3, .

, off

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 and transmission mode 7.

Table 5.2.3.3.2-1: UCI fields for channel quality information (CQI) feedback for UE-selected sub-band
reports (transmission mode 1, transmission mode 2, transmission mode 3 and transmission mode 7)

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 and transmission mode 6.

Table 5.2.3.3.2-2: UCI fields for channel quality information (CQI) feedback for UE-selected sub-band
reports (transmission mode 4, transmission mode 5 and transmission mode 6)

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

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 and transmission mode 6.
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Table 5.2.3.3.2-3: UCl fields for channel quality and precoding information (CQI/PMI) feedback for UE-
selected sub-band reports (transmission mode 4, transmission mode 5 and transmission mode 6)

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 indication 2 1 4 4

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 and transmission mode 4.

Table 5.2.3.3.2-4; UCI fields for rank indication (RI) feedback for UE-selected sub-band reports
(transmission mode 3 and transmission mode 4)

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

The channel quality bits in Table 5.2.3.3.2-1 through Table 5.2.3.3.2-4 form the bit sequence a,, a;,8,,83,...,854
with a, corresponding to the first bit of the first field in each of the tables, 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 o' replaced by a, . The RI feedback for two bits is mapped according to Table 5.2.2.6-6 with of'
replaced by ag, 3, .

, off

5.234 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 subclause
5.2.3.3 with input bit sequence ag,a;,a5,a3,...,ay_4 and output bit sequence by, b;,b5,b;,...,bg_;, where B'=20. The

HARQ acknowledgement bits are denoted by ag in case one HARQ acknowledgement bit or ag,a; in case two HARQ

acknowledgement bits are reported per subframe. Each positive acknowledgement (ACK) is encoded as a binary ‘1’ and
each negative acknowledgement (NAK) is encoded as a binary ‘0’.

The output of this channel coding block for normal CP is denoted by by,b;,b,,bs,...,bg_;, where
b, =b{,i=0,..,B'-1

In case one HARQ acknowledgement bit is reported per subframe:
by =ag and B= @' +1

In case two HARQ acknowledgement bits are reported per subframe:
by =a§,bg, =& and B=@'+2_

When extended CP is used for uplink transmission, the channel quality information and the HARQ-ACK
acknowledgement bits are jointly coded. The HARQ acknowledgement bits are denoted by ag in case one HARQ

acknowledgement bit or i, a; _in case two HARQ acknowledgement bits are reported per subframe.

The channel quality information denoted by ag,a;,a5,a3,...,a5_; isS multiplexed with the HARQ acknowledgement bits
to yield the sequence ay,a,a,,8s,...,a,_4 as follows

aj =aj,1=0,..,,A'-1
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and

ay =—aj and A= €@’'+1_in case one HARQ-acknowledgement bit is reported per subframe, or

ay =ag, A= aj and A= A’+2: in case two HARQ-acknowledgement bits are reported per subframe.

The sequence a,,a;,8,,83,...,85 1S encoded according to section 5.2.3.3 to yield the output bit sequence
bO’bl’b2'b3""’bB71 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

O M PUSCH -N PUSCH .ﬂPUSCH

. symb offset PUSCH
Q' =min Y 4-M

OCQI—MIN

where O is the number of ACK/NACK bits, see also Section 5.2.2.6 for the two ACK/NACK feedback modes for
TDD as configured by higher layers, or rank indicator bits, OCQI—MIN is the number of CQI bits including CRC bits

assuming rank equals to 1, M5 is the scheduled bandwidth for PUSCH transmission in the current subframe

PUSCH s the number of SC-FDMA symbols in the current PUSCH

expressed as a number of subcarriers in [2], and NSymb

PUSCH _ (

transmission sub-frame given by N,y Symb 1 NSRS _,where N is equal 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]. Otherwise N g, is equal to 0.

For HARQ-ACK information Qo = Q,, - Q' and [ Bl = Bran® A [ B! 1, where BHARAY shall be
determined according to [3].

For rank indication Qg, =Q,, - Q" and [ Bin " = Oﬁset/ B2 1, where B shall be determined according to
[3].
For CQI and/or PMI information Qg = NS‘;‘;'f)CH -MF PUSCH Q, - Q-

The channel coding and rate matching of the control data is performed according to subclause 5.2.2.6. The coded output
sequence for channel quality information is denoted by (,,0;,0,, q3""’cho| _,» the coded vector sequence output for
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HARQ-ACK is denoted by q?CK , qlACK , qg\CK ,...,qg,CK , and the coded vector sequence output for rank indication is
- - - —Qhck—

denoted by gs' ,glR' ,92' ""’9;.—1 .

5.24.2 Control information mapping

The input are the coded bits of the channel quality information denoted by Q,,0};,0,,03, ...,qQCQI _, - The output is
denoted by 94:9,:9,: 9,9, where H = Qcol and H'=H/Q,,, and wheregi, i=0,..,H" -1 are column
vectors of length Q,,. H is the total number of coded bits allocated for CQI/PMI information.

The control information shall be mapped as follows:

Setj,ktoO

while j < Qg
9, =[q; "'qj+Qm—l]T
I=1+Qp
k=k+1

end while

5243 Channel interleaver

The vector sequences g , 9., 9,9

ACK ACK q ACK q ACK
1 22 v dQue

Rl (Rl RI RI
pe o 09 09 ""’thl 1 and 9, 4 , are channel

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

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 time interval (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.
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89,8, 8a i

CRC attachment

CO‘C].""’CK—]. v

Channel coding

dg’,d,...d5)

Rate matching

eo,el,...,eE_l l

Figure 5.3.1-1: Transport channel processing for BCH

53.1.1 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 bits in a transport block delivered to layer
1byay,ay,a,,8s,...,aa 4, and the parity bits by py, p;, P2, P3---, P - A is the size of the transport block and set to

24 bits and L is the number of parity bits. The lowest order information bit ay 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 subclause 5.1.1 setting L to 16 bits.
After the attachment, the CRC bits are scrambled according to the eNodeB transmit antenna configuration with the
SEQUENCE Xapne 0s Xant 11+ Xant15 @S indicated in Table 5.3.1.1-1 to form the sequence of bits ¢y, ¢;,C,,C3,...,C_y Where
Cy =& fork=0,1,2,...,A-1
Ck = € n + Xankn In0d2  fork = A, A+1, A+2,..., A+15.

Table 5.3.1.1-1; CRC mask for PBCH

Number of transmit antenna ports at eNodeB PBCH CRC mask
< Xant,O J Xant,ll"'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>

5.3.1.2 Channel coding

Information bits are delivered to the channel coding block. They are denoted by cy,¢;,¢5,C3,...,Ck_1 , Where K is the
number of bits, and they are tail biting convolutionally encoded according to subclause 5.1.3.1.

After encoding the bits are denoted by d{,d",d{",d{",...d ), , withi=04,and 2, and where D is the number of bits
on the i-th coded stream, i.e., D =K.
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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 d{?,d®,dP,d{,...d®, , withi=01,and 2, and where i is the coded stream index and D is the number of bits in
each coded stream. This coded block is rate matched according to subclause 5.1.4.2.

After rate matching, the bits are denoted by ey, e;,e,,€;,....eg_1 , Where E is the number of rate matched bits.

5.3.2 Downlink shared channel, Paging channel and Multicast channel
Figure 5.3.2-1 shows the processing structure for the DL-SCH, PCH and MCH transport channels. Data arrives to the
coding unit in the form of a maximum of one transport block every transmission time interval (TTI). The following
coding steps can be identified:

— 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 DL-SCH, PCH and MCH transport channels are shown in the figure below.

g, ay,.Ap_1 i

Transport block
CRC attachment

by bbes g

Code block segmentation
Code block CRC attachment

CrosCraven Cr(k, ) 3

Channel coding

dig ey 0,
\ 4

Rate matching

er01erl!'"1erlEr—1) v

Code block
concatenation

fo, fl""’ fG—l l

Figure 5.3.2-1: Transport channel processing for DL-SCH, PCH and MCH
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53.2.1 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 bits in a transport block delivered to layer
1byagy,a,,a,,8s,...,aa4, and the parity bits by py, p;, P2, P3,---, P - A is the size of the transport block and L is the

number of parity bits. The lowest order information bit a, 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 subclause 5.1.1 setting L to 24 bits and
using the generator polynomial gcrcasa(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 is the number of bits in the
transport block (including CRC).

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

The bits after code block segmentation are denoted by €, Cy1,Cr2,Cy3,---,Cy g, -1 Where r is the code block number
and K, is the number of bits for code block number r.

5.3.2.3 Channel coding

Code blocks are delivered to the channel coding block. They are denoted by ¢, C1,C2,Crg.--,Cr g, -1~ » Where r is the

code block number, and K, is the number of bits in code block number r. The total number of code blocks is denoted by
C and each code block is individually turbo encoded according to subclause 5.1.3.2.

After encoding the bits are denoted by d®,d®,d®,d{) ,...,dr(%rfl\, withi=07,and 2, and where D, is the 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 d?,d?,d.?,d3,....d{g -

withi=0,1,and 2, and where r is the code block number, i is the coded stream index, and D, is the number of bits in

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 subclause 5.1.4.1.

After rate matching, the bits are denoted by e,,€,1,€,5,€3,-...6, ¢ -1~ Where r is the coded block number, and where

E, is the number of rate matched bits for code block number r.

5.3.25 Code bhlock concatenation

The bits input to the code block concatenation block are denoted by €.4,€1,€2,€3,...€;¢,-1~ for r=0,...,C -1 and

where E, is the number of rate matched bits for the r-th code block.

Code block concatenation is performed according to subclause 5.1.5.

The bits after code block concatenation are denoted by fy, f;, f, fs,..., f5_;, where G is the total number of coded bits
for transmission.
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5.3.3 Downlink control information

A DCI transports downlink or uplink scheduling information, or uplink power control commands for one RNTI. The
RNTI is implicitly encoded in the CRC.

Figure 5.3.3-1 shows the processing structure for the 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.

g, 8y, 8p_1 l

CRC attachment

CO‘Cl""’CK—l v

Channel coding

.00,.08, |

Rate matching

€0+, €E 1 i

Figure 5.3.3-1: Processing for DCI

5.3.3.1 DCI formats
The fields defined in the DCI formats below are mapped to the information bits a, to a,.; 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 a, 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 a,.

Note: DCI formats 0, 1A, 3, and 3A shall have the same payload size.

5.3.3.1.1 Format O
DCI format 0 is used for the scheduling of PUSCH.
The following information is transmitted by means of the DCI format 0:
- Flag for formatO/format1A differentiation — 1 bit, where value 0 indicates format 0 and value 1 indicates format 1A

- Hopping flag — 1 bit as defined in section 8.4 of [3]

- Resource block assignment and hopping resource allocation — Fog2 (Nps (NRs +1)72)  bits
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- For PUSCH hopping:

- Nut_nop MSB bits are used to obtain the value of npgg(i) as indicated in subclause [8.4] of [3]

- (Fogz(N re(NSE +1)/2) - NUL_hOp) bits provide the resource allocation of the first slot in the UL
subframe

- For non-hopping PUSCH:

- (Il—ogz(NéfBL(NF‘{BL +1)/2)_) bits provide the resource allocation in the UL subframe as defined in section
8.1 of [3]

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

- New data indicator — 1 bit

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

- Cyclic shift for DM RS — 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 and 8 of [3] (this field 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] (this field is present only for TDD
operation with uplink-downlink configurations 1-6)

- CQI request — 1 bit as defined in section 7.2.1 of [3]

If the number of information bits in format O is less than the payload size of for format 1A (including any padding bits
appended to format 1A), zeros shall be appended to format 0 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.
The following information is transmitted by means of the DCI format 1:
- 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, there is no resource allocation header and resource
allocation type 0 is assumed.

- Resource block assignment:

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

- F\I% /P bits provide the resource allocation

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

- |Tog2 (’j bits of this field 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 . .
- m% /P —[log, € ~—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 of [3]
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]

- HARQ process number — 3 bits (FDD), 4 bits (TDD)
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- New data indicator — 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 (this field is present in TDD for all the uplink —downlink configurations and only
applies to TDD operation with uplink —downlink configuration 1-6. This field is not present in FDD) — 2 bits

If the number of information bits in format 1 is equal to that for format 0/1A, one bit of value zero shall be appended to
format 1.

If the number of information bits in format 1 belongs to one of the sizes in 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 sizes in Table 5.3.3.1.2-1
and not equal to that of format 0/1A.

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 and random access procedure initiated by a
PDCCH order.

The following information is transmitted by means of the DCI format 1A:
- Flag for formatO/format1A differentiation — 1 bit, where value 0 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 all the remaining fields are set as follows:

- Localized/Distributed VRB assignment flag — 1 bit is set to ‘0’

- Resource block assignment — Fogz(NF?BL(NF?BL +1)/2) bits, where all bits shall be set to 1

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

- All the remaining bits in format 1A for compact scheduling assignment of one PDSCH codeword are set to
zeroes

Otherwise,

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

- Resource block assignment — FogZ(NRDé(NEBL +1)/2) bits as defined in section 7.1.6.3 of [3]:

- For localized VRB:

Iliog2 (NSS(NBs +1)/2)  bits provide the resource allocation
- For distributed VRB:

-1f Nov <50 or if the format 1A CRC is scrambled by RA-RNTI, P-RNTI, or SI-RNTI

- ﬂ)gz(NRDé(NF?BL +1)/2) bits provide the resource allocation

- Else
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- 1 bit, the MSB indicates the gap value, where value 0 indicates Ng,, = Ny, and value 1 indicates

Ngap = Ngap.2

- (Fog2 (N (N2> +1)/2) —1) bits provide the resource allocation

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

-1f Nor >50 and Localized/Distributed VRB assignment flag is set to 1

- the new data indicator bit indicates the gap value, where value 0 indicates N g, = N g, and value
lindicates Ngp = Ngapo.
- Else the new data indicator bit is reserved.

- Else

- The new data indicator bit as defined in [5]

- Redundancy version — 2 bits
- TPC command for PUCCH - 2 bits 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 Ni%g of the TBS table defined in [3].

- If least significant bit is 0 then N3ag = 2 else Niqg = 3.

- Else

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

- Downlink Assignment Index (this field is present in TDD for all the uplink —downlink configurations and only
applies to TDD operation with uplink —downlink configuration 1-6. This field is not present in FDD) — 2 bits

If the number of information bits in format 1A is less than that of format 0, zeros shall be appended to format 1A until
the payload size equals that of format 0.

If the number of information bits in format 1A belongs to one of the sizes in 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-RNT]I then the following fields among the
fields above are reserved:

- HARQ process humber

- Downlink Assignment Index (used for TDD only and is not present in FDD)
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5.3.3.1.3A Format 1B
DCI format 1B is used for the compact scheduling of one PDSCH codeword with precoding information.
The following information is transmitted by means of the DCI format 1B:

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

- Resource block assignment — Fogz(NRDé(NSBL +1)/2) bits as defined in 7.1.6.3 of [3]

- For localized VRB:

Fog ,(NSS(NES +1)/2) bits provide the resource allocation
- For distributed VRB:

-For N2+ <50

- ﬂ)gz(NF'?BL(NF?BL +1)/2) bits provide the resource allocation
-For N2r >50

- 1 bit, the MSB indicates the gap value, where value 0 indicates Ng,, = Ng,,, and value 1 indicates

Ngap = Ngap2

- (Fog2 (N (N2> +1)/2) —1) bits provide the resource allocation

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

- New data indicator — 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 (this field is present in TDD for all the uplink —downlink configurations and only
applies to TDD operation with uplink —downlink configuration 1-6. This field 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 is used 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

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
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Table 5.3.3.1.3A-2: Content of PMI confirmation

Bit flelql mapped Message
to index
0 Precoding according to the indicated TPMI in
the TPMI information field
1 Precoding according to the latest PMI report on
PUSCH using the precoder(s) indicated by the
reported PMI(s)

If the number of information bits in format 1B belongs to one of the sizes in Table 5.3.3.1.2-1, one zero bit shall be
appended to format 1B.

5.3.3.14 Format 1C
DCI format 1C is used for very compact scheduling of one PDSCH codeword.
The following information is transmitted by means of the DCI format 1C:

- 1 bit indicates the gap value, where value O indicates Ngy,, = Ng,,, and value 1 indicates Ny, = Ngap

- For N2+ <50, there is no bit for gap indication

- Resource block assignment — ﬂ)g ) {’_\I\?IR_B,gapl INGP - (|l\| vregapt ! Nrer _+1)/ 2] bits as defined in
7.1.6.3 of [3]

- Transport block size index — 5 bits as defined in section 7.1.7 of [3]

Here, Ng,pand Ny .y are defined in [2] and N3g” is defined in [3].

5.3.3.1.4A Format 1D

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

The following information is transmitted by means of the DCI format 1D:
- Localized/Distributed VRB assignment flag — 1 bit as defined in 7.1.6.3 of [3]
- Resource block assignment — Fogz(N%(NEBL +1)/2) bits as defined in section 7.1.6.3 of [3]:

- For localized VRB:

Iliog2 (NSS(NBs +1)/2) bits provide the resource allocation
- For distributed VRB:

-For Nor <50

- ﬂ)gz(NRDBL(NF'QDBL +1)/2) bits provide the resource allocation

-For Nov >50

- 1 bit, the MSB indicates the gap value, where value 0 indicates Ng,, = Ny, and value 1 indicates

Ngap = Ngap2

- (ﬁogz(NRDEL‘(NRDBL +1)/2)_—1) bits provide the resource allocation
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- Modulation and coding scheme — 5bits as defined in section 7.1.7 of [3]
- HARQ process number — 3 bits (FDD) , 4 bits (TDD)

- New data indicator — 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 (this field is present in TDD for all the uplink —downlink configurations and only
applies to TDD operation with uplink —downlink configuration 1-6. This field 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 is used 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

If the number of information bits in format 1D belongs to one of the sizes in Table 5.3.3.1.2-1, one zero bit shall be
appended to format 1D.

5.3.3.1.5 Format 2
The following information is transmitted by means of the DCI format 2:
- 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, there is no resource allocation header and resource
allocation type 0 is assumed.

- Resource block assignment:

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

- F\l% /P bits provide the resource allocation
- For resource allocation type 1 as defined in section 7.1.6.2 of [3]:

- [log, €~ bits of this field 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
- m% /P —[log, € -1, bits provide the resource allocation
where the value of P depends on the number of DL resource blocks as indicated in subclause 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 (this field is present in TDD for all the uplink —downlink configurations and only
applies to TDD operation with uplink —downlink configuration 1-6. This field is not present in FDD) — 2 bits

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

- Transport block to codeword swap flag — 1 bit
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In addition, for transport block 1:
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New data indicator — 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 data indicator — 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.

In case one of the transport blocks is disabled as specified in subclause 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)

transport block codeword O codeword 1
to codeword
(enabled) (enabled)
swap flag value
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)

codeword codew
transport transport
0 ord 1
block 1 block 2
(enabled) (disabled)
transport
enabled disabled -
block 1
transport
disabled enabled -
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 is used in Table 6.3.4.2.3-1 or Table
6.3.4.2.3-2 of [2]. For a single enabled codeword, indices 18 to 34 inclusive in Table 5.3.3.1.5-5 are only supported for
retransmission of the corresponding transport block if that transport block has previously been transmitted using two
layers with closed-loop spatial multiplexing.

3GPP



Release 8 51 3GPP TS 36.212 V8.8.0 (2009-12)

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

Some entries in 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 subframe n is
according to the latest PMI(s) reported by the UE on PUSCH, not coming from PUCCH, on or before subframe n-4.

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

111 1

2|11 -

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

] 17/V2 1 {1 1 }
2[] -]

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

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

3 1 layer: Precoding 3 reserved
corresponding to
precoder vector

1 i7/V2

4 1 layer: Precoding 4 reserved
corresponding to
precoder vector
1 -i7/\2

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 1% column
multiplied by \/E 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 \/E 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:

- Resource allocation header (resource allocation 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, there is no resource allocation header and resource
allocation type 0 is assumed.

- Resource block assignment:

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

- F\ISE'; /P bits provide the resource allocation

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

- |Tog2 (’j bits of this field 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

_ . _ _
- m% /P —[log, € >—1 , bits provide the resource allocation

where the value of P depends on the number of DL resource blocks as indicated in subclause [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 (this field is present in TDD for all the uplink —downlink configurations and only
applies to TDD operation with uplink —downlink configuration 1-6. This field is not present in FDD) — 2 bits

- HARQ process number - 3 bits (FDD), 4 bits (TDD)
- Transport block to codeword swap flag — 1 bit
In addition, for transport block 1:
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New data indicator — 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 data indicator — 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
5.3.3.1.5-1.

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 a single 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 open-loop spatial multiplexing.

For transmission with 2 antenna ports, the precoding information field is not present. The number of transmission layers
is equal to 2 if both codewords are enabled; transmit diversity is used if codeword 0 is enabled while codeword 1 is
disabled.

If the number of information bits in format 2A belongs to one of the sizes in 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
5.3.3.1.6 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

L . .
where N = L%J , and where Lggt o iS equal to the payload size of format 0 before CRC attachment,

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 L f°;“a‘° J < f";“am , a bit 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 = Lyngt o, and where L gt o IS €qual to the payload size of format 0 before CRC attachment, 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.
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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
bya,,a;,a,,a;3,...,a,_;, and the parity bits by pg, p;, P2, P3s..., P ;- A is the PDCCH payload size and L is the
number of parity bits.

The parity bits are computed and attached according to subclause 5.1.1 setting L to 16 bits, resulting in the
sequence by, by, by, bs,...,bg_;, 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, Xpngi 15+ Xemti 15 » Where X o corresponds to the MSB of the RNTI,

to form the sequence of bitscy, c;,C,,C3,...,Cg_1. The relation between ¢, and by is:
c, =by fork=0,1,2,...,A-1
Cc = € + X a D0d2  fOr k= A, A+1, 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, Xag1:-- X515 @S indicated in Table

5.3.3.2-1 and the corresponding RNTI X 0+ Xyt 10X 15 t0 form the sequence of bits ¢y, ¢, ¢,, C3,...,C_1. The
relation between ¢, and by is:

cy =by fork=0,1,2,...,A-1

C = € + Xk + Xask_a 1002 fork = 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,].""’ 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>
5.3.3.3 Channel coding

Information bits are delivered to the channel coding block. They are denoted by c,,c;,C,,Cs,...,Cx_1 , Where K is the
number of bits, and they are tail biting convolutionally encoded according to subclause 5.1.3.1.

After encoding the bits are denoted by déi) , dl(i) , déi) , déi) e d g)_l , with i =0,1,and 2, and where D is the 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
déi) , dl(i) , déi) , ds(i) e d gll , with i =01,and 2, and where i is the coded stream index and D is the number of bits in
each coded stream. This coded block is rate matched according to subclause 5.1.4.2.

After rate matching, the bits are denoted by ey, e;,€,,€;,...,6_4 , Where E is the number of rate matched bits.

5.34 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. The CFI takes values CFI = 1, 2 or 3. For system bandwidths NS5 >10, the span of the
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DCI in units of OFDM symbols, 1, 2 or 3, is given by the CFI. For system bandwidths NEE'; <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.

bo-b1----xb31 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 codewords

CFl codeword
CF' < bo, bl, ceey b31 >
1 <0110,110110,11,0110,1,10,1,10,1,1,0,1,1,0,1,1,0,1>
2 <01,,011011011,011,011,01,1,0,1,1,0,1,1,0,1,1,0>
3 <10110110,1101101,101,1011,01,101,1,0,1,1>
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

Data arrives to the coding unit in the form of indicators for HARQ acknowledgement.

"

Channel coding

by, by, b, l

Figure 5.3.5-1 Coding for HI

The coding flow is shown in Figure 5.3.5-1.

5.35.1 Channel coding

The HARQ indicator is coded according to Table 5.3.5-1, where for a positive acknowledgement HI = 1 and for a
negative acknowledgement HI = 0.
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HI codeword

HI < by, by, by >
0 <0,0,0>
1 <111>
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2006-10 Endorsed skeleton 0.0.1 ]0.1.0
2006-11 Added TC. Added Broadcast, Paging and MBMS transport 0.1.0 |0.1.1

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 |0.2.1
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 [1.32
2007-08 Editor’s version 1.3.2 [1.4.0
2007-09 Editor’s version with decisions from RAN1#50 1,40 (14,1
2007-09 Editor’s version 141 (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 nsertion 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
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Change history
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09/09/08 | RAN_41 | RP-080669 0030 | - Padding one bit to DCI format 1 when format 1 and format 0/1A 8.3.0 |8.4.0
have the same size
09/09/08 | RAN_41 | RP-080669 | 0031 | - |Modification of M_limit 8.3.0 |8.4.0
09/09/08 [ RAN_41 | RP-080669 | 0032 [ - |Definition of Formats 2 and 2A 8.3.0 |8.4.0
09/09/08 | RAN_41 | RP-080669 | 0033 [ 2 |Corrections to DCI formats 8.3.0 |8.4.0
09/09/08 | RAN_41 | RP-080669 | 0035 | 1 |Format 1B confirmation flag 8.3.0 |8.4.0
09/09/08 | RAN_41 | RP-080669 0036 | - ggrrectilons to Rank information scrambling in Uplink Shared 8.3.0 |8.4.0
anne
09/09/08 [ RAN_41 | RP-080669 | 0037 [ 2 |Clarification of TPC commands signaled in DCI formats 3/3A 8.3.0 |8.4.0
09/09/08 | RAN 41 | RP-080669 | 0038 [ - |Clarification on UE transmit antenna selection mask 8.3.0 |8.4.0
09/09/08 | RAN_41 | RP-080669 | 0039 [ 1 |Linking of control resources in PUSCH to data MCS 8.3.0 [8.4.0
09/09/08 | RAN_41 | RP-080669 | 0041 [ - |Definition of Bit Mapping for DCI signalling 8.3.0 |8.4.0
09/09/08 [ RAN 41 | RP-080669 | 0042 [ 1 |Clarification on resource allocation in DCI format 1/2/2A 8.3.0 |8.4.0
09/09/08 [ RAN 41 | RP-080669 | 0043 [ - |DCI Format 1A changes needed for scheduling Broadcast Control |8.3.0 |8.4.0
09/09/08 | RAN_41 | RP-080669 | 0044 [ - [DCI formatlC 8.3.0 |8.4.0
09/09/08 | RAN 41 | RP-080669 | 0045 [ - |Miscellaneous corrections 8.3.0 |8.4.0
11/09/08 | RAN 41 [ RP-080736 | 0046 | 1 [Correction on downlink multi-user MIMO 8.3.0 |8.4.0
09/09/08 | RAN_41 | RP-080669 0047 | - g_orrections to DL DCI Formats In case of Ambiguous Payload 8.3.0 |8.4.0
izes
09/09/08 | RAN_41 | RP-080669 0048 CR for RE provisioning for the control information in case of CQI- [8.3.0 |8.4.0
" |only transmission on PUSCH
09/09/08 | RAN_41 | RP-080669 | 0091 [ 2 |Coding and multiplexing of multiple ACK/NACK in PUSCH 8.3.0 |8.4.0
03/12/08 | RAN_42 | RP-080983 0050 | 2 bC_Ialf\)hl‘ication of input bits corresponding to 2-bit HARQ-ACK and 2- (8.4.0 |8.5.0
it
03/12/08 | RAN_42 | RP-080983 | 0053 [ - |Editorial corrections to 36.212 8.4.0 |85.0
03/12/08 | RAN 42 | RP-080983 | 0055 [ - |Miscellaneous Corrections 8.4.0 |8.5.0
03/12/08 | RAN_42 | RP-080983 | 0057 [ - |Clarification of mapping of information bits 8.4.0 |8.5.0
03/12/08 | RAN_42 | RP-080983 | 0058 | - |Completion of 36.212 CR47 (R1-083421) for “new” DCI Formats 8.4.0 |85.0
03/12/08 | RAN_42 | RP-080983 0059 | - Change for determining DCI format 1A TBS table column indicator [8.4.0 |8.5.0
for broadcast control
03/12/08 | RAN_42 | RP-080983 | 0061 [ 2 |Defining DCI format 1A for downlink data arrival 8.4.0 |8.5.0
03/12/08 | RAN_42 | RP-080983 | 0063 | 1 |ACK/NACK transmission on PUSCH for LTE TDD 8.4.0 |85.0
03/12/08 | RAN_42 | RP-080983 | 0065 [ - |Correction in 36.212 related to TDD downlink HARQ processes 8.4.0 |8.5.0
03/12/08 | RAN_42 | RP-080983 | 0067 [ 1 |Correction of control MCS offset and SRS symbol puncturing 8.4.0 |85.0
03/12/08 | RAN_42 | RP-080983 | 0068 | 1 |DCI format 2/2A 8.4.0 |85.0
03/12/08 | RAN_42 | RP-080983 | 0069 [ - |Correction to zero padding in DCI format 1 8.4.0 |8.5.0
03/12/08 | RAN_42 | RP-080983 | 0071 [ - |Clarification of RI bit field mapping for PUCCH 8.4.0 |85.0
03/12/08 | RAN_42 | RP-080983 | 0072 [ - |Clarifying RNTI bit mapping for PDCCH CRC scrambling 8.4.0 |8.5.0
03/12/08 [ RAN_42 | RP-080983 | 0073 [ - |Clarification on BCH transport block size 8.4.0 |8.5.0
03/12/08 | RAN_42 | RP-080983 0076 | - Clarification on the number of PUCCH-based CQI/PMI bits when 8.4.0 |8.5.0
reported on PUSCH
04/03/09 | RAN_43 | RP-090235 77 1 |Corrections to Transmitted Rank Indication 8.5.0 |8.6.0
04/03/09 | RAN 43 | RP-090235 79 1 [Correction to the bundled ACK/NACK and DAI transmission 8.5.0 |8.6.0
04/03/09 | RAN 43 | RP-090235 80 2 |Corrections to transmission modes 8.5.0 |8.6.0
04/03/09 | RAN_43 | RP-090235 81 1 |Correction on ACKNACK transmission on PUSCH for LTE TDD 8.5.0 |8.6.0
04/03/09 | RAN 43 | RP-090235 82 2 |Corrections to CQI and RI fields description 8.5.0 |8.6.0
04/03/09 | RAN_43 | RP-090235 83 - |Clarifying DCI format 1A and DCI Format 1B 8.5.0 |8.6.0
04/03/09 | RAN_43 | RP-090235 92 1 |Clarification on channel coding for UCI HARQ-ACK 8.5.0 |8.6.0
27/05/09 | RAN_44 | RP-090528 87 _|Clarify some parameters for determining control resources on 8.6.0 |8.7.0
PUSCH
01/12/09 | RAN_46 | RP-091168 89 - | Clarification on bitwidth of RI 8.7.0 |8.8.0
01/12/09 | RAN_46 | RP-091168 94 - | Correction to Channel interleaver for PUSCH RE Mapping 8.7.0 |8.8.0
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