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Foreword

This Technical Specification (TS) has been produced by ETSI 3rd Generation Partnership Project (3GPP).

The present document may refer to technical specifications or reports using their 3GPP identities, UM TS identities or
GSM identities. These should be interpreted as being references to the corresponding ETSI deliverables.

The cross reference between GSM, UMTS, 3GPP and ETS! identities can be found under
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Modal verbs terminology
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"cannot" areto beinterpreted as described in clause 3.2 of the ETS| Drafting Rules (Verba forms for the expression of
provisions).

"must” and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.
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Foreword

This Technical Specification has been produced by the 3 Generation Partnership Project (3GPP).

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

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

Y the second digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

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

Scope

The present document specifies the coding, multiplexing and mapping to physical channels for E-UTRA.

2

References

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

[1]
[2]

(3]

[4]

(5]

6]

[7]

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

For a specific reference, subsequent revisions do not apply.

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

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

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

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

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

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

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

3GPP TS23.285, "Technica Specification Group Services and System Aspects; Architecture
enhancements for V2X services'

3
3.1

Definitions, symbols and abbreviations

Definitions

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

BL/CE: A Bandwidth-reduced Low-complexity or Coverage Enhanced (BL/CE) UE is capable of coverage
enhancement mode A support and intends to access a cell in a coverage enhancement mode or is configured in a
coverage enhancement mode.

3.2

Symbols

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

N% Downlink bandwidth configuration, expressed in number of resource blocks[2]
Ngé‘ Uplink bandwidth configuration, expressed in number of resource blocks [2]

Nﬁ'é Sidelink bandwidth configuration, expressed in number of resource blocks[2]

NSE channel Number of sidelink subchannels configured on the resource pool of a subcarrier [2]

ETSI
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RB
Nsc

PUSCH
N symb

PUSCH -initial
Nsymb

uL
N symb

SL
N symb

NS?S
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Resource block size in the frequency domain, expressed as a number of subcarriers

Number of SC-FDMA symbols carrying PUSCH in a subframe

Number of SC-FDMA symbols carrying PUSCH in the initial PUSCH transmission subframe

Number of SC-FDMA symbolsin an uplink slot
Number of SC-FDMA symbolsin asidelink slot

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

3.3 Abbreviations

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

BCH

CFl

CP

Csl

DCl
DL-SCH
EPDCCH
FDD

HI

LAA
MCH
MPDCCH
MUST
NPBCH
NPDCCH
NPDSCH
NPRACH
NPUSCH
PBCH
PCFICH
PCH
PDCCH
PDSCH
PHICH
PMCH
PMI
PRACH
PSBCH
PSCCH
PSDCH
PSSCH
PUCCH
PUSCH
RACH

RI

SCI
SL-BCH
SL-DCH
SL-SCH
SR

SRS
TDD
TPMI
ucl
UL-SCH

Broadcast channel

Control Format Indicator

Cyclic Prefix

Channel State Information

Downlink Control Information

Downlink Shared channel

Enhanced Physical Downlink Control channel
Frequency Division Duplexing

HARQ indicator

Licensed-Assisted Access

Multicast channel

MTC Physical Downlink Control Channel
Multiuser Superposition Transmission
Narrowband Physical Broadcast channel
Narrowband Physical Downlink Control channel
Narrowband Physical Downlink Shared channel
Narrowband Physical Random Access channel
Narrowband Physical Uplink Shared channel
Physical Broadcast channel

Physical Control Format Indicator channel
Paging channel

Physical Downlink Control channel

Physical Downlink Shared channel

Physical HARQ indicator channel

Physical Multicast channel

Precoding Matrix Indicator

Physical Random Access channel

Physical Sidelink Broadcast Channel
Physical Sidelink Control Channel

Physical Sidelink Discovery Channel
Physical Sidelink Shared Channel

Physical Uplink Control channel

Physical Uplink Shared channel

Random Access channel

Rank Indication

Sidelink Control Information

Sidelink Broadcast Channel

Sidelink Discovery Channel

Sidelink Shared Channel

Scheduling Request

Sounding Reference Signal

Time Division Duplexing

Transmitted Precoding Matrix Indicator
Uplink Control Information

Uplink Shared channel

ETSI



3GPP TS 36.212 version 14.6.0 Release 14

9 ETSI TS 136 212 V14.6.0 (2018-07)

4 Mapping to physical channels

The mapping to physical channels for Narrowband 10T is provided in subclause 6.1.

4.1 Uplink

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

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

Table 4.1-2

Control information

Physical Channel

UcCl

PUCCH, PUSCH

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
CFlI PCFICH
HI PHICH
DCI PDCCH, EPDCCH, MPDCCH
4.3 Sidelink

Table 4.3-1 specifies the mapping of the sidelink transport channels to their corresponding physical channels. Table 4.3-
2 specifies the mapping of the sidelink control information to its corresponding physical channel.

Table 4.3-1
TrCH Physical Channel
SL-SCH PSSCH
SL-BCH PSBCH
SL-DCH PSDCH
Table 4.3-2

Control information

Physical Channel

SCI

PSCCH

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

51.1 CRC calculation

Denote the input bits to the CRC computation by a,, a4, 85, 83,...,84_3, and the parity bitsby py, p;, P2, P3s-s PLg- A

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

- Ocrcua(D) =[D#*+ D@+ D®¥+ DY+ D¥+ DM+ DY+ D"+ D6+ D5+ D*+ D3+ D + 1] and;
- gorcus(D) = [D? + D= + D6 + D®+ D + 1] for aCRC length L = 24 and;
- Ocreis(D) = [D*® + D2 + D5 + 1] for aCRC length L = 16.
- gores(D) =[D8+ D7 + D*+ D3+ D + 1] for aCRC length of L = 8.
The encoding is performed in a systematic form, which means that in GF(2), the polynomial:
a,D*® +a, D2 + .. +a, D+ pyDZ +p, D +...4+ pypDt + Py

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

a,D* +a, D + . .+a, ;D + p,D* +p,D¥ +..+ p, D' + pys

yields aremainder equal to 0 when divided by gcreis(D), and the polynomial:

agD" + DA+ +a, D8+ poD’ +pD® +..+ pgDt+ p;

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

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

by = prp  fork=A A+l A+2,.., A+L-1.

5.1.2 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 islarger

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

- Z=6144.
If the number of filler bits F calculated below isnot O, filler bits are added to the beginning of the first block.
Notethat if B < 40, filler bits are added to the beginning of the code block.

Thefiller bits shall be set to <NULL> at the input to the encoder.
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Total number of code blocks C is determined by:
if BLZ
L=0
Number of code blocks: C =1
B =B
else
L=24
Number of code blocks: C=[B/(Z-L)].
B'=B+C-L

end if

ETSI TS 136 212 V14.6.0 (2018-07)

The bits output from code block segmentation, for C = 0, are denoted by C;¢,C,1,C;2,Cr3:--,Cr(k, 1) » Wherer isthe

code block number, and K; isthe number of bits for the code block number r.

Number of bitsin each code block (applicable for C # 0 only):

First segmentation size: K, = minimum K intable5.1.3-3 suchthat C-K = B’

if C=1

the number of code blocks with length K, is C, =1, K_

dseif C>1

=0,C_=0

Second segmentation size: K_=maximum K in table5.1.3-3 suchthat K < K,

Ay =K, —K_
Number of segments of sizeK_: C_ :{ A
Number of segments of sizeK,: C, =C-C_.
end if
Number of filler bits;: F=C, -K, +C_-K_-B’
fork=0toF-1 --Insertion of filler bits
Cox =< NULL >
end for
k=F
s=0
forr=0to C-1

if r<C_
:K_

r

else

ETSI
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=K,

end if

while k< K, —L
Crk = by
k=k+1
s=s+1

end while

if C>1

The sequence c,,C,1,C;2,Crg,e0 G (k, - 1) 1S USed to calculate the CRC parity bits p,q, pyy, Pr2seees Pr(i-1)

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

whilek < K,

Gk = Prk+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, ¢, C5, C5,...,Cx_;, Where K isthe
number of bits to encode. After encoding the bits are denoted by d{’,d{",d{",d{"...,d{), , where D is the number of

encoded bits per output stream and i indexes the encoder output stream. The relation between ¢, and dS) 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 typesis 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 withrate 1/3: D = K + 4.

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

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

5.1.3.1

13
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Table 5.1.3-1: Usage of channel coding scheme and coding rate for TrCHs

TrCH Coding scheme | Coding rate
UL-SCH
DL-SCH

PCH .

MCH Turbo coding 1/3
SL-SCH
SL-DCH

BCH Tail biting

convolutional 1/3

SL-BCH coding

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 biting
uci convolutional 1/3
coding
SCI Tail biting
convolutional 1/3
coding

Tail biting convolutional coding

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

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

Theinitial value of the shift register of the encoder shall be set to the values corresponding to the last 6 information bits
in the input stream so that the initial and final states of the shift register are the same. Therefore, denoting the shift
register of the encoder by sy, S;, S, ..., S5, then theiinitial value of the shift register shall be set to

Si = C(k-1-i)
Ck
» D » D » D » D » D » D
%A %A %A Lol | A Go= 133 (octal)
4 U U U ”
1)
% A Y AN | % Gi=171 (octal
[ U U U ”
X X X X d? G, = 165 (octal)
> > > > >
Figure 5.1.3-1: Rate 1/3 tail biting convolutional encoder

The encoder output streamsd” , d® and d{® correspond to the first, second and third parity streams, respectively as
shown in Figure 5.1.3-1.
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5.1.3.2 Turbo coding
5.1.3.2.1 Turbo encoder

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

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

G(D){lﬂ |
go(D)

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

Theinitial 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

0
dli)——Xk
1)
dlE) _Zk
2 ’
dli)_zk

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

If the code block to be encoded is the O-th code block and the number of filler bitsis greater than zero, i.e., F > 0, then
the encoder shall set ¢, = 0, k=0,...,(F-1) at itsinput 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 by ¢, ¢;, C,, C3,...,Cx_;, and the bits output from the first and second 8-
state constituent encoders are denoted by z,, 7, 2,, Z3,..., Zx yand 2y, 21, Z5, Z5,..., Zk _1 , respectively. The bits output

from the turbo code internal interleaver are denoted by ¢, ¢} ,...,Cx _; , and these bits are to be the input to the second 8-
state constituent encoder.
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1st constituent encoder

Xy
Z
VA 4 ) >

D
A
O
y
O

e

De—

A

Output

Input
Turbo code internal

interleaver 2nd constituent encoder Z
Qutput
>»D >H—>
A
Ck
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

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

Thefirst three tail bits shall be used to terminate the first constituent encoder (upper switch of figure 5.1.3-2 in lower
position) while the second constituent encoder is disabled. The last three tail bits shall be used to terminate the second
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‘Kil = Zk 41 dr(@Zz =Xk dr(o)rs =Zkn

1) 1) i) ’ 1) ’
A =z¢, A0 =Xci2, Ao = 2k, g = Xz

2 2 2 ’ 2 ,
d|(<) =XK1+ dr(ozl =ZK42s d|(<32 = XK1 d|(<33 =Zko
5.1.3.2.3 Turbo code internal interleaver

The bits input to the turbo code internal interleaver are denoted by ¢, Cy ..., Cx_1 , Where K isthe number of input bits.
The bits output from the turbo code internal interleaver are denoted by ¢, ¢ ..., Ck _; -

The relationship between the input and output bitsis as follows:

Ci' =Cry(j), i=0,1, ..., (K-1)
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where the relationship between the output index i and the input index T1(i) satisfies the following quadratic form:
TGy = (£, i + £, -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

K fo | fy | i K fi | fa i K fi | f i K f ] f,

40 3 10 |48 | 416 | 25 | 52 | 95 | 1120 | 67 | 140 | 142 | 3200 | 111 | 240
48 7 12 |49 | 424 | 51 | 106 | 96 | 1152 | 35 | 72 | 143 | 3264 | 443 | 204
56 | 19 | 42 |50 | 432 | 47 | 72 | 97 [ 1184 | 19 | 74 | 144 | 3328 | 51 | 104
64 7 16 |51 | 440 | 91 | 110 | 98 | 1216 | 39 | 76 | 145 | 3392 | 51 | 212
72 7 18 |52 | 448 | 29 | 168 | 99 | 1248 | 19 | 78 | 146 | 3456 | 451 | 192
80 | 11 | 20 | 53 | 456 | 29 | 114 | 100 | 1280 | 199 | 240 | 147 | 3520 | 257 | 220
88 5 22 |54 | 464 | 247 | 58 | 101 | 1312 | 21 | 82 | 148 | 3584 | 57 | 336
96 | 11 | 24 |55 | 472 | 29 | 118 | 102 | 1344 | 211 | 252 | 149 | 3648 | 313 | 228
104 | 7 26 |56 | 480 | 89 | 180 | 103 | 1376 | 21 | 86 | 150 | 3712 | 271 | 232
10 | 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 1128 | 15 | 32 |59 | 504 | 55 | 84 | 106 | 1472 | 45 | 92 | 153 | 3904 | 363 | 244
131136 | 9 34 160 | 512 | 31 | 64 | 107 | 1504 | 49 | 846 | 154 | 3968 | 375 | 248
14 1144 | 17 | 108 | 61 | 528 | 17 | 66 | 108 | 1536 | 71 | 48 | 155 | 4032 | 127 | 168
151152 | 9 38 | 62| 544 | 35 | 68 | 109 | 1568 | 13 | 28 | 156 | 4096 | 31 | 64
16 | 160 | 21 | 120 | 63 | 560 | 227 | 420 | 110 | 1600 | 17 | 80 | 157 | 4160 | 33 | 130
171168 | 101 | 84 |64 | 576 | 65 | 96 | 111 | 1632 | 25 | 102 | 158 | 4224 | 43 | 264
18 1176 | 21 | 44 | 65| 592 | 19 | 74 | 112 | 1664 | 183 | 104 | 159 | 4288 | 33 | 134
19 1184 | 57 | 46 |66 | 608 | 37 | 76 | 113 | 1696 | 55 | 954 | 160 | 4352 | 477 | 408
20 | 192 | 23 | 48 | 67 | 624 | 41 | 234 | 114 | 1728 | 127 | 96 | 161 | 4416 | 35 | 138
21 | 200 | 13 | 50 |68 | 640 | 39 | 80 | 115 | 1760 | 27 | 110 | 162 | 4480 | 233 | 280
22 | 208 | 27 | 52 |69 | 656 | 185 | 82 | 116 | 1792 | 29 | 112 | 163 | 4544 | 357 | 142
23 1216 | 11 | 36 | 70| 672 | 43 | 252 | 117 | 1824 | 29 | 114 | 164 | 4608 | 337 | 480
24 | 224 | 27 | 56 | 71| 688 | 21 | 86 | 118 | 1856 | 57 | 116 | 165 | 4672 | 37 | 146
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
20 | 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
32 | 288 | 19 | 36 | 79| 816 | 127 | 102 | 126 | 2176 | 171 | 136 | 173 | 5184 | 31 | 96
33 296 | 19 | 74 |80 | 832 | 25 | 52 | 127 | 2240 | 209 | 420 | 174 | 5248 | 113 | 902
34 | 304 | 37 | 76 |81 | 848 | 239 | 106 | 128 | 2304 | 253 | 216 | 175 | 5312 | 41 | 166
35312 | 19 | 78 |82 | 864 | 17 | 48 | 129 | 2368 | 367 | 444 | 176 | 5376 | 251 | 336
36 | 320 | 21 | 120 | 83 | 880 | 137 | 110 | 130 | 2432 | 265 | 456 | 177 | 5440 | 43 | 170
37 |328 | 21 | 82 |84 | 896 | 215 | 112 | 131 | 2496 | 181 | 468 | 178 | 5504 | 21 | 86
38 | 336 | 115 | 84 | 85| 912 | 29 | 114 | 132 | 2560 | 39 | 80 | 179 | 5568 | 43 | 174
39 | 344 | 193 | 86 |86 | 928 | 15 | 58 | 133 | 2624 | 27 | 164 | 180 | 5632 | 45 | 176
40 | 352 | 21 | 44 |87 | 944 | 147 | 118 | 134 | 2688 | 127 | 504 | 181 | 5696 | 45 | 178
41 | 360 | 133 | 90 |88 | 960 | 29 | 60 | 135 | 2752 | 143 | 172 | 182 | 5760 | 161 | 120
42 | 368 | 81 | 46 |89 | 976 | 59 | 122 | 136 | 2816 | 43 | 88 | 183 | 5824 | 89 | 182
43 [ 376 | 45 | 94 |90 | 992 | 65 | 124 | 137 | 2880 | 29 | 300 | 184 | 5888 | 323 | 184
44 | 384 | 23 | 48 |91 | 1008 | 55 | 84 | 138 | 2944 | 45 | 92 | 185 | 5952 | 47 | 186
45 | 392 | 243 | 98 |92 | 1024 | 31 | 64 | 139 | 3008 | 157 | 188 | 186 | 6016 | 23 | 94
46 | 400 | 151 | 40 | 93 | 1056 | 17 | 66 | 140 | 3072 | 47 | 96 | 187 | 6080 | 47 | 190
47 | 408 | 155 | 102 | 94 | 1088 | 171 | 204 | 141 | 3136 | 13 | 28 | 188 | 6144 | 263 | 480

OO NOO|ARWIN(FP| —
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5.1.4 Rate matching

514.1 Rate matching for turbo coded transport channels

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

(0) (0)
dk Sub-block Vi o
> interleaver d
virtual circular
buffer
d® s V@ . W . : &
ub-block [N Bit k Bit selection 3
interleaver "1 collection and pruning
2 (2)
dlﬁ : Sub-block Vi N
> interleaver d

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

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

sequence defined as v, v{” ,v§?,..,.v _; and whereKy; is defined in subclause 5.1.4.1.1.

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

sequence defined asvg” v v .. v .

The bit stream dlﬁz) isinterleaved according to the sub-block interleaver defined in subclause 5.1.4.1.1 with an output
sequence defined asv(” v, vi? .. v .
The sequence of bits g, 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 isthe number of bits. The output
bit sequence from the block interleaver is derived as follows:

(1) Assign CJ$,,.« = 32to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1,
2,..., Cabiock —Lfrom left to right.

(2) Determine the number of rows of the matrix Ry ock » bY finding minimum integer R;%block such that:
T1C TC
D< ( bblock XCSJbblock)
The rows of rectangular matrix are numbered 0, 1, 2,..., R;cl:)block —1from top to bottom.

() If ( T(t:)blockxc;%block)> D, then Np = (R;%blockxcsTu%block - D) dummy bits are padded such that yx = <NULL>
fork=0,1,...,No-1.Then, yy_ .« = d® k=0, 1,..., D-1, and the bit sequence yx is written into the

( L block xc;%block) matrix row by row starting with bit yo in column O of row O:
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TC
Yo Y Y ycsubblock_l
TC TC TC TC
stupmock ycwbp|ock+l ycsubt‘)lock"'z . yzcwqblock_l
YRic v cTC YRic g cTC 1 YRS . _pcTC 5 7 Ygie cTC g
(Reubblock “D*Caubblock (Reubblock “D*Caubblock + (Reubblock “D*Caubblock + (Reubblock*Csubblock —1)

For d{? andd(®:

(4) Perform the inter-column permutation for the matrix based on the pattern < P(j )) } that isshown in

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

Yp(0) Yp) Yp(2) yP(CL%buocrl)
Yooy+cIC YomcIc Yo(24cIC YocIC . y.cTC
(0)+Csubblock (D+Cabblock (2)+Caubblock (Caubblock ~D+Caubblock
yP(0)+( R Bblock-DXCoBblock yP(1)+( R SBblock-DXCoBblock yP( 2)+(RiBblock~DXCaibblock yP(CLCbe ock—D+(REBpiock—-DXCaBpiock

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

permuted (R;,%bmck X C;%block) matrix. The bits after sub-block interleaving are denoted by v§ , v v, v

i i TC TC
, where v{ correspondsto Yp(g), vy toy,, 0I5y, - @Ky = (R&,bb,ockxcwbb,ock).
Ford(®:

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

k
z(K)= P&?D +Capblock X (k mod RgEpiock )"' 1|modKy;
bblock

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

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

Number of columns Inter-column permutation pattern
TC TC
Caiiblock <P(0), P(D)....,P(Cqppioek —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

Thecircular buffer of length K, = 3K{; for ther-th coded block is generated as follows:
w, =v{? fork=0,..., Ky -1
Wi, so =Ve fork=0,..., Ky -1

WKn+2k+l :VI((Z) fOI’ k: O,..., KH _1

Denote the soft buffer size for the transport block by Nir bits and the soft buffer size for the r-th code block by Ng, bits.
The size Ny is obtained as follows, where C is the number of code blocks computed in subclause 5.1.2:
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- Ny, = mi n@%J ij for DL-SCH and PCH transport channels

- Ny, =K,, for UL-SCH, MCH, SL-SCH and SL-DCH transport channels

For UE category 0, for DL-SCH associated with SI-RNTI and RA-RNTI and PCH transport channel, Ne, is always
equal to Ky,

where Nir isequal to:

Nsoft
Npg= -
Kc ’ KMIMO ’ mln(M DL_HARQ M Iimit)
where;

If the UE signals ue-CategoryDL-v14xy indicating UE category M2, Nt iS the total number of soft channel bits
according to the UE category indicated by ue-CategoryDL-v14xy. Otherwise, if the UE signals ue-CategoryDL-v1310
indicating UE category M1, N« is the total number of soft channel bits according to the UE category indicated by ue-
CategoryDL-v1310. Otherwise, if the UE signals ue-CategoryDL-v13xy, and is configured with transmission mode 9 or
transmission mode 10 and the higher layer parameter maxLayersMIMO-r10 is configured to eightLayers, Nsit iSthe
total number of soft channel bits according to the UE category indicated by ue-CategoryDL-v13xy. Otherwise, if the UE
signals ue-CategoryDL-r12 indicating UE category 0, or if the UE signals ue-CategoryDL-r12 indicating UE category
14 and is configured by higher layers with altCQI-Table-r12 for the DL cell, Nyt is the total number of soft channel bits
according to the UE category indicated by ue-CategoryDL-r12. Otherwise, if the UE signals ue-Category-v11a0, and is
configured by higher layers with altCQI-Table-r12 for the DL cell, N is the total number of soft channel bits
according to the UE category indicated by ue-Category-v11a0. Otherwise, if the UE signals ue-Category-v1020, and is
configured with transmission mode 9 or transmission mode 10, or is configured with transmission mode 3 or
transmission mode 4 and the higher layer parameter maxLayersMIMO-r10 is configured to fourLayers, for the DL cell,
Nsorft IS the total number of soft channel bits [4] according to the UE category indicated by ue-Category-v1020 [6].
Otherwise, N« is the total number of soft channel bits[4] according to the UE category indicated by ue-Category
(without suffix) [6].

If Neort = 35982720 or 47431680,
Kc=5,
elseif Nyt = 303562752,
Ke= 32,
elseif Nyt = 14616576,
if the UE is configured by higher layers with altCQI-Table-r12,
Kc=3/2
else
Kec=2
end if.
elseif Neort = 19488768,
if the UE is configured by higher layers with altCQI-Table-r12,
Kec=2
else
Kc=8/3

end if.
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elsalf Ngit = 7308288 and the UE is configured by higher layers with altCQI-Table-r12,

if the UE is capable of supporting no more than a maximum of two spatial layers for the DL cell in the transmission
mode configured for the UE, or if the configured maximum number of layers indicated by the maxLayersMIMO-
r10field is no more than two,

Kc=3
else

Kc=3/2
end if.

elsaif Neott = 3654144 and the UE is capabl e of supporting no more than a maximum of two spatial layers for the DL
cell, or if the configured maximum number of layersindicated by the maxLayersMIMO-r10 field is no more than two,

Kec=2
else

Ke=1
End if.

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

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

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

Define by G the total number of bits available for the transmission of one transport block.
SetG'=G/(N, -Q,,) where Qmisequal to 2 for QPSK, 4 for 16QAM, 6 for 64QAM and 8 for 256QAM, and where
- For transmit diversity:
- N.isequal to 2,
- Otherwise:
- N isequal to the number of layers atransport block is mapped onto
Set ¥ = G"mod C , where C is the number of code blocks computed in subclause 5.1.2.
if r<C-—y-1
stE=N,-Q, |G /C]
else
stE=N, -Q, [G'/C]
end if

TC

N . . .
Setky = RIS, o .[2. {BR—wa Vg + 2} , where RI%oc iSthe number of rows defined in subclause 5.1.4.1.1.
subblock

Setk=0andj=0
while {k < E}
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if Wi+ jymodng, #< NULL>

& = Wi +j)modNg,
k=k+1
end if
j=i+1
end while

5.1.4.2 Rate matching for convolutionally coded transport channels and control
information

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

(0) (0)
dy Subblock | Vi |
> interleaver d
virtual circular
buffer
d® s v® . W : , &
ub-block K o Bit k Bit selection }
interleaver "1 collection and pruning
d 152) Sub-block V|(<2)
) »
interleaver d

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

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

sequence defined as véo) ,vl(o) ,véo) v(KO; _, and where Ky; isdefined in subclause 5.1.4.2.1.

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

sequence defined asvél) ) Vfl) ) Vgl) V}(<131 -1

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

i @ ,2 (2
sequence defined asvg™, Vi, V3 ey Vic g -
The sequence of bits g, 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 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 CSS, oo = 32to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1,
2,...,C$8 ok —1from left to right.
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(2) Determine the number of rows of the matrix R$goqk» by finding minimum integer RSS o Such that:

CC cC
D< ( bblock ><Csubblock)

CcC

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

) If ( bblock Xcggblock)> D, thenNp = (RgJCbblock X Cgblock ~ D) dummy bits are padded such that y« = <NULL>
fork=0,1,...,No- 1. Then, yy_, =d’ k=0, 1,..., D-1, and the bit sequence yx is written into the

(@Cﬁb,mk xc;i‘;b.ock) matrix row by row starting with bit yo in column 0 of row O:

Yo Y1 Yo Yoco
subblock
Ycc Y.cc Y.cc o Y, ~cc
Csupblock Csubpmck +1 Cwbb_lock +2 . 2Csub_b|ock -1
cc cc Y cc cc Y occ cc Y occ cc
(Rapbiock ~D*Csipblock (Repolock ~DXCppiock +1 (Repbiock ~D*Capblock +2 (Rebbiock *Csublock =Y

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

jE{O,l ..... CES:JCbeOCk
table 5.1.4-2, where P(j) isthe original column position of the j-th permuted column. After permutation of the

columns, the inter-column permuted (@Cﬁb,mk X ng%block) matrix is equal to

Yp(0) Yp@ Ypr(2) Y b(CSE o)
cc cc cc .- cc cc
yP(0)+(?mbb|ock yP(l)+(§subb|ock yP(2)+(_3stb|ock ] yP(CsubbmckleCwbuock
yP(0)+(R§JCbb| ook ~DXCSFblock yp(l)+(RgJ%bl ook ~DXCSFpiock yP(2)+( RS Bblock-DXCSSblock yP(CgJCbe ook D+ RS Bbiock~DXCSblock

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

permuted (F{iﬁblock X C;%b,ock) matrix. The bits after sub-block interleaving are denoted by v’ , v v .. vf& 1

i i c cc
where v{ correspondsto Yp(g, V" to VoSt - ad Kn =(F§bb,ockxcwbb,ock)

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

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

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

5.1.4.2.2 Bit collection, selection and transmission

Thecircular buffer of length K, = 3K{; is generated as follows:
w, =v{? fork=0,..., Ky -1
W, ok =V fork=0,..., Ky -1
W, ik =V fork=0,..., Ky -1

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

if Wjmoak, #< NULL>

& = Wjmodk,,
k=k+1
end if
j=j+1
end while
5.1.5 Code block concatenation

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

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

Set k=0and r=0
while r <C
Set j=0
while j < E,
szerj
k=k+1
j=j+1
end while
r=r+1

end while

5.2 Uplink transport channels and control information

If the UE is configured with a Master Cell Group (MCG) and Secondary Cell Group (SCG) [6], the procedures
described in this clause are applied to the MCG and SCG, respectively. When the procedures are applied to a SCG, the
term primary cell refersto the primary SCell (PSCell) of the SCG.

If the UE is configured with a PUCCH SCell [6], the procedures described in this clause are applied to the group of DL
cells associated with the primary cell and the group of DL cells associated with the PUCCH SCell, respectively. When
the procedures are applied to the group of DL cells associated with the PUCCH SCell, the term primary cell refersto
the PUCCH SCaell.

If the UE is configured with a LAA SCell, the procedures described in this clause are applied assuming the LAA SCell
isan FDD SCell.

521 Random access channel

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

Figure 5.2.2-1 shows the processing structure for the UL-SCH transport channel on one UL cell. Data arrives to the
coding unit in the form of a maximum of two transport blocks every transmission timeinterval (TTI) per UL cell. The
following coding steps can be identified for each transport block of an UL cell:

Add CRC to the transport block

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

Rate matching

Code block concatenation

Multiplexing of data.and control information

Channel interleaver

The coding steps for one UL-SCH transport block are shown in the figure below. The same general processing applies
for each UL-SCH transport block on each UL cell with restrictions as specified in [3].
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Figure 5.2.2-1: Transport block processing for UL-SCH

5.2.2.1 Transport block CRC attachment

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

The entire transport block is used to calculate the CRC parity bits. Denote the bits in a transport block delivered to layer
lbyag,8y,a,,8s,...,as 4, and the parity bitsby pg, p;, P2, P3,---» PL_1- Aisthe size of the transport block and L isthe
number of parity bits. The lowest order information bit ap is mapped to the most significant bit of the transport block as

defined in subclause 6.1.1 of [5].

The parity bits are 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 gcrczaa(D).

5.2.2.2

Code block segmentation and code block CRC attachment

The bitsinput to the code block segmentation are denoted by by, by, b,,bs,...,bg_; where B isthe number of bitsin the

transport block (including CRC).

Code block segmentation and code block CRC attachment are performed according to subclause 5.1.2.
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The bits after code block segmentation are denoted by C,q, C;1,C2, Cy3,--,Cr(k, -1) » Where T isthe 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 bitsin a code block are denoted by
Cr0:Cr1:Cr2:Crase Cr(k, -1) » Wherer isthe code block number, and K; is the number of bitsin code block number r.
The total number of code blocksis denoted by C and each code block isindividually turbo encoded according to
subclause 5.1.3.2.

After encoding the bits are denoted by d7,d,d9,df) ..., d{{}, ), withi = 0,1, and 2and where D, is the number of

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

5224 Rate matching

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

i =01,and 2, and wherer isthe code block number, i is the coded stream index, and D, isthe number of bitsin each
coded stream of code block number r. The total number of code blocksis 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 4,6 1,€2,€3,-...& (g, 1), Wherer isthe coded block number, and where
E, isthe number of rate matched bits for code block number r.

5225 Code block concatenation

The bits input to the code block concatenation block are denoted by €.4,6 1,8 ,€3,-...& (g, ) for r=0,..,C-1 and
where E, isthe number of rate matched bits for the r-th code block.

Code block concatenation is performed according to subclause 5.1.5.

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

5.2.2.6 Channel coding of control information

Control data arrives at the coding unit in the form of channel quality information (CQI and/or PMI), HARQ-ACK and
rank indication, and CSI-RS resource indication (CRI). Different coding rates for the control information are achieved
by alocating different number of coded symbols for its transmission. When control data are transmitted in the PUSCH,
the channel coding for HARQ-ACK, rank indication (including RI only, joint report of RI/i1, joint report of CRI/RI,
joint report of CRI/RI/i1, joint report of CRI/RI/PTI, joint report of RI/i1,p-2, and joint report of RI/PTI), CRI and
channel quality information 0,,0;,0,,...,00_; iSdoneindependently. Parametersil,1-1,i1,2-1,i1,1-2,i1,2-2,i1,p-2

correspond to parameters i, ,, i, ,, d;, d,,and |, insubclause7.2.4 of [3].

For the cases with TDD primary cell, the number of HARQ-ACK bitsis determined as described in subclause 7.3 of
[3].

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

For the case when only one transport block is transmitted in the PUSCH conveying the HARQ-ACK bits, rank indicator
bits or CRI bits:
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PUSCH —initial PUSCH —initial PUSCH
’ Msc : Nwmb ‘ﬂoﬁset 4.M PUSCH
) sc

Cc-1
SK,
r=0

Q' =min

where

- O isthe number of HARQ-ACK bits, rank indicator bits or CRI bits, and

- M5 isthe scheduled bandwidith for PUSCH transmission in the current sub-frame for the transport block,
expressed as a number of subcarriersin[2], and

PUSCH -initial
Nwmb it
transport block, respectively, given by

PUSCH-initial UL PUSCH —initial PUSCH —initial
NZUSCH _ (2, (UL 1) N — NEUSCH el _ \PUSSHintal ) pere

is the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the same

- Ngs isequa tol
- if UE configured with one UL cell is configured to send PUSCH and SRS in the same subframe for initial
transmission, or

- if UE transmits PUSCH and SRS in the same subframe in the same serving cell for initial transmission, or

- if the PUSCH resource alocation for initial transmission even partially overlaps with the cell-specific
SRS subframe and bandwidth configuration defined in subclause 5.5.3 of [2], or

- if the subframe for initial transmission in the same serving cell is a UE-specific type-1 SRS subframe as
defined in Subclause 8.2 of [3], or

- if the subframe for initial transmission in the same serving cell is a UE-specific type-0 SRS subframe as
defined in subclause 8.2 of [3] and the UE is configured with multiple TAGs.

- Otherwise N g isequal to 0.

- N;;?CH'i”ma' is equal to 1 when the UE configured for uplink transmission on aLAA SCell isindicated to

transmit the PUSCH not starting from the beginning of the first symbol of the subframe for initial transmission,
otherwiseisequal to 0.
N;ﬂSCH'i”i“a' isequal to 1 when the UE configured for uplink transmission on aLAA SCell isindicated to

transmit the PUSCH up to the second to last symbol of the subframe for initial transmission and N & isequal
to O, otherwise isequal to 0.

- MpPuseH-nta CC and K, are obtained from the initial PDCCH or EPDCCH or MPDCCH for the same
transport block. If thereisno initial PDCCH or EPDCCH with DCI format 0 or MPDCCH with DCI format 6-
0A/6-0B for the same transport block, M 2SH=Mta " C and K, shall be determined from:

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

- therandom access response grant for the same transport block, when the PUSCH is initiated by the random
access response grant.

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

Q= max[min(Q{am, 4. M PUSCH ) Qan] with
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PUSCH —initial (1) ny PUSCH —initial () 4 PUSCH —initial (2) nPUSCH —initial (2) PUSCH
O-Mg 'Nsymb ‘Mg 'Nsymb ﬂ

Q/ offset
temp= C(l)—l o o C(Z)fl o o
Z Kr(l) M ;USCH —initial (2) N;%%H —initial (2) + Z Kr(Z) M SF(’:USCH —initial (1) N%H —initial (1)
r=0 r=0

where

- O isthe number of HARQ-ACK bits, rank indicator bits or CRI bits, and

- Q=0 if 0<2,Qn =[20/Q,] if 320<11 with Q, = min(Qh, Q2 where Q% x={1.2} isthe
modulation order of transport block "x", and Q/,;, =20, /Q}, |+[20,/Q}, ] if O>11 with O, =[0/2] and
0,=0-[0/2].

- MposerHnitEl) [y — 11 24 are the scheduled bandwidths for PUSCH transmission in the initial sub-frame for the
first and second transport block, respectively, expressed as a number of subcarriersin [2], and

- NEp M ) = {12} are the number of SC-FDMA symbols per subframe for initial PUSCH transmission for

the first and second transport block given by

PUSCH-initial (x) _ uL ) PUSCH-initial (x) PUSCH-initial (x) ) « _
Nsymb - (2 (Nsymb _1)_ NSRS - Nstart - Nend )’ X _{112} , where

- Ng?)s,x={12} isequal to 1

- if UE configured with one UL cell is configured to send PUSCH and SRS in the same subframe for initial
transmission, or

- if UE transmits PUSCH and SRS in the same subframe in the same serving cell for initial transmission of
transport block "x", or

- if the PUSCH resource alocation for initial transmission of transport bock "x" even partially overlaps
with the cell-specific SRS subframe and bandwidth configuration defined in subclause 5.5.3 of [2] , or

- if the subframe for initial transmission of transport block "X" in the same serving cell is a UE-specific
type-1 SRS subframe as defined in Subclause 8.2 of [3], or

- if the subframe for initial transmission of transport block X" in the same serving cell is a UE-specific
type-0 SRS subframe as defined in subclause 8.2 of [3] and the UE is configured with multiple TAGs.

- Otherwise N$%,x={12 isequal toO.

NST;?CH'i”ma' © x ={12} isequal to 1 when the UE configured for uplink transmission on aLAA SCell is

indicated to transmit the PUSCH for the first and second transport block not starting from the beginning of the
first symbol of the subframe for initial transmission, otherwiseis equal to 0.

N;gSCH'i”ma' ® x= {12} isequal to 1 when the UE configured for uplink transmission on aLAA SCell is
indicated to transmit the PUSCH for the first and second transport block up to the second to last symbol of the

subframe for initial transmission and Ng;)s, x={12} isequal to 0, otherwiseis equal to 0.

- MEPUSERENA) [y — 12y, €, x={1,2} , and K¥,x={12} are obtained from theinitial PDCCH or
EPDCCH for the corresponding transport block.

’ PUSCH HARQ-ACK
For HARQ-ACK, Q. =Q,, - Q" and B = gl
HARQ-ACK

transport block. For UEs configured with no more than five DL cells, Sy shall be determined according to [3]

, where Q) isthe modulation order of agiven

depending on the number of transmission codewords for the corresponding PUSCH. For UEs configured with more
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: HARQ-ACK . : . e

than five DL cells, ,Boffset shall be determined according to [3] depending on the number of transmission

codewords for the corresponding PUSCH and and the number of HARQ-ACK feedback bits.

For rank indicationor CRI, Qg = Q.- Q", Qug = Q,,- Q" and B = B2 . whereQ, is the modulation

order of agiven transport block, and ﬂ o ShAll be determined according to [3] depending on the number of

transmission codewords for the corresponding PUSCH, and on the uplink power control subframe set for the
corresponding PUSCH when two uplink power control subframe sets are configured by higher layers for the cell.

For HARQ-ACK

- Each positive acknowledgement (ACK) is encoded as abinary '1' and each negative acknowledgement (NACK)
isencoded as abinary '0'

- If HARQ-ACK feedback consists of 1-bit of information, i.e., [OACK] it isfirst encoded according to Table
5.2.2.6-1.

- If HARQ-ACK feedback consists of 2-bits of information, i.e., [oACK ACK] with 0ACK corresponding to

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

consists of 2-bits of information as a result of the aggregation of HARQ-ACK bits corresponding to two DL cells
with which the UE is configured by higher layers, or if HARQ-ACK feedback consists of 2-bits of information
corresponding to two subframes for TDD, it isfirst encoded according to Table 5.2.2.6-2 where

ACK = (o ACK ACK) mod2 .

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

Om Encoded HARQ-ACK
2 [OACK y]

4 [0 y x X]

6 [0 y x X X X]

8 [0f yx X X X X X]

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

Qm Encoded HARQ-ACK

2 [OACK O]/-ACK o;\CK O@CK o]/_ACK O;\CK]

4 [075€ 025 x x 0f%K A% x x 0K gAK y ]

6 [0ACK olACK X X X X of‘CK 0§CK X X X X 01ACK O?CK X X X X]

8 [06F 0/ x x x x x x 07K 0f x x x x x x 0 05 x x x x x X]

- If HARQ-ACK feedback consists of 3<O”“K <11 bits of information as a result of the aggregation of HARQ-

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

Og " O 4oy OgACK 4 then a coded bit sequence gy ¢ ,....03; " isobtained by using the bit sequence
05K oK .. 03%,( _, astheinput to the channel coding block described in subclause 5.2.2.6.4. In turn, the bit
sequence 5", gf*™, a5 ..., a4 isobtained by the circular repetition of the bit sequence

0y g ,...,q4°¢ sothat thetotal hit sequence length is equal to Qac -

- If HARQ-ACK feedback consists of 11 < O”* < 22 bits of information as a result of the aggregation of HARQ-
ACK bits corresponding to one or more DL cells with which the UE is configured by higher layers, i.e.,
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ACK  ACK ACK ACK ACK ACK ACK

Op " 01 4y OgACK 4 then the coded bit sequence gy , 0 , 0z 1., gy 1 1S ODtained by using the bit
sequence 05 of ™ ..., 055 | astheinput to the channel coding block described in subclauise 5.2.2.6.5.

- If HARQ-ACK feedback consists of O**>22 bits of information as a result of the aggregation of HARQ-ACK

bits corresponding to one or more DL cells with which the UE is configured by higher layers, the coded bit

sequence is denoted by g5, a/*™, 45 ..., ajos ;. The CRC attachment, channel coding and rate matching

of the HARQ-ACK hits are performed according to subclauses 5.1.1 setting L to 8 bits, 5.1.3.1 and 5.1.4.2,
respectively. The input bit sequence to the CRC attachment operation is 0/¢ 0/*°¢ ..., OQ%K _,- 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 isthe input bit sequence to the rate matching operation.

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

For FDD or TDD HARQ-ACK multiplexing or the aggregation of more than one DL cell including at least one cell
using FDD and at least one cell using TDD when HARQ-ACK consists of one or two bits of information, the bit

sequence dg <", g, 93 ..., a5~ isobtained by concatenation of multiple encoded HARQ-ACK blocks where

Qack isthetotal number of coded bits for all the encoded HARQ-ACK blocks. The last concatenation of the encoded
HARQ-ACK block may be partial so that the total bit sequence length is equal t0Qack -

For UEs configured by higher layers with codebooksizeDeter mination-r13 = dai, the bit sequence

0y < 6,°,..., 6]% | is determined according to the Downlink Assignment Index (DAI) asin Table 5.3.3.1.2-2 and

as defined in [3]. Otherwise, the bit sequence 6, 6, ..., 6255  is determined as below.

For FDD when HARQ ACK consists of 2 or more bits of information as a result of the aggregation of more than one
~ACK ~ACK ~ ACK

DL cell, the bit sequence 0, O, ..., O nck isthe result of the concatenation of HARQ-ACK bits for the multiple
DL cells according to the following pseudo-code:

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

Setj = 0— HARQ-ACK hit index

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

whilec< N2

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

6, = HARQ-ACK bit of this cell

j=j+1
else
if the UE is not configured with spatial bundling on PUSCH by higher layers GJ-ACK = HARQ-ACK hit
corresponding to the first codeword of this cell
j=j+1
~AC

0; K = HARQ-ACK bit corresponding to the second codeword of this cell

j=j+1

else
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AC

f)j K = bi nary AND operation of the HARQ-ACK bits corresponding to the first and second codewords of

this cell
j=j+1
end if
end if
c=c+1
end while

For the aggregation of more than one DL cell including aprimary cell using FDD and at least one secondary cell using

TDD, the bit sequence 6, 6, ..., C”)gfc'i , isthe resuilt of the concatenation of HARQ-ACK bits for one or

multiple DL cells. Define N 2 asthe number of cells configured by higher layers for the UE and BCDL as the number

of subframes for which the UE needs to feed back HARQ-ACK bitsin UL subframe n for the c-th serving cell. For a
cell using TDD, the subframes are determined by the DL -reference UL/DL configuration if the UE is configured with
higher layer parameter eimta-HARQ-ReferenceConfig, and determined by the UL/DL configuration otherwise. For a

cell using TDD, BfL =1 if subframe n-4 inthe cell isa DL subframe or a special subframe with special subframe
configurations 1/2/3/4/6/7/8/9/10 and normal downlink CP or a specia subframe with specia subframe configurations
1/2/3/5/6/7 and extended downlink CP, and BP" =0 otherwise. For acell using FDD, B> =1.

The bit sequence 6, 6;'°“ ..., 675, | is performed according to the following pseudo-code:

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

whilec< Ny

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

~AC
0

X = HARQ-ACK bit of this cell
j=j+1
else
if the UE is not configured with spatial bundling on PUSCH by higher layers GJ-ACK = HARQ-ACK bit
corresponding to the first codeword of this cell
j=j+1
(N)J-ACK = HARQ-ACK hit corresponding to the second codeword of this cell
j=j+1
else

GJ.ACK = binary AND operation of the HARQ-ACK bits corresponding to the first and second codewords
of thiscell
j=j+1

end if
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end if
end if
c=c+1
end while

For the cases with TDD primary cell when HARQ-ACK is for the aggregation of one or more DL cellsand the UE is
configured with PUCCH format 3, PUCCH format 4 or PUCCH format 5 [3], the bit sequence 67 6/ ..., 6"

PR | OACKfl

isthe result of the concatenation of HARQ-ACK hits for the one or more DL cells configured by higher layers and the
multiple subframes as defined in [3].

Define NCDehS as the number of cells configured by higher layers for the UE and BcDL as the number of subframes for
which the UE needs to feed back HARQ-ACK bits as defined in Subclause 7.3 of [3].

The number of HARQ-ACK bits for the UE to convey if it is configured with PUCCH format 3, PUCCH format 4 or
PUCCH format 5 is computed as follows:

Set k = 0 — counter of HARQ-ACK bits
Set ¢=0 — cell index: lower indices correspond to lower RRC indices of corresponding cell
whilec < N

setl =0;

whilel < B>

if transmission mode configured in cell ce {1,2,5,6,7} -- 1 bit HARQ-ACK feedback for this cell
k=k+1
else
k=k+2
end if
[=1+1
end while
c=c+1
end while

When PUCCH format 3 is configured, if k <20 when TDD isused in all the configured serving cell(s) of the UE, or if k
<21 when FDD isused in at least one of the configured serving cells with TDD primary cell; or when PUCCH format 4
or PUCCH format 5 is configured and when the UE is not configured with spatial bundling on PUSCH by higher layers,
the multiplexing of HARQ-ACK bitsis performed according to the following pseudo-code:

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

setl =0;

whilel < B>

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

0 HARQ-ACK bit of this cell as defined in Subclause 7.3 of [3]

j=j+1
else

[6,%,0, 71 =[0/5",0/51] HARQ-ACK bits of this cell as defined in Subclause 7.3 of [3]

j=j+2
end if
[=1+1
end while
c=c+1
end while

When PUCCH format 3 is configured, if k > 20 when TDD is used in al the configured serving cell(s) of the UE, or if
k > 21 when FDD isused in at least one of the configured serving cells with TDD primary cell, spatial bundling is
applied to al subframesin al cells; or when PUCCH format 4 or PUCCH format 5 is configured and when the UE is
configured with spatial bundling on PUSCH by higher layers, the multiplexing of HARQ-ACK hitsis performed
according to the following pseudo-code:

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

set1=0;

whilel < B2

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

~ AC|
6/

AC K

=0.," HARQ-ACK bit of this cell as defined in Subclause 7.3 of [3]

j=j+1
else

AC ACK

0

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

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

end while

For 0** <11 or 0*™ > 22, the bit sequence 0y ™ of*™..., 0%, | is obtained by satting 0" = 6
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For 11< 0*™ < 22, the hit sequence 0§ of'™* ,...,04% | isobtained by setting 05 =6

]
ACK ~ ACK if i
= ifii .
O(OACK /2]+(i-1)/2 0 s odd

ACK it i iseven and

For the cases with TDD primary cell when HARQ-ACK isfor the aggregation of two DL cells and the UE is configured
with PUCCH format 1b with channel selection, the bit sequence o, o/ ,..., OQ%K , isobtained as described in

subclause 7.3 of [3].

For TDD HARQ-ACK bundling, a bit sequence Gy ", G, G, " ,..., G

multiple encoded HARQ-ACK blocks where Q¢ isthe 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 lengthis

equal toQack - A scrambling sequence [WACK PCK i O pyg K ] is then selected from Table 5.2.2.6-A with index

_, isobtained by concatenation of

i = (Npygeg —1)M0d4, where N, isdetermined as described in subclause 7.3 of [3]. The bit sequence

96, af ™, a2 ...ados 4 isthen generated by setting M =1 if HARQ-ACK consists of 1-bit and M= 3 if

CK ~ ACK ~ ACK

HARQ-ACK consists of 2-bits and then scrambling ﬁOAC ,q1 A 5oy O, 4 Bsfollows

Seti,ktoO
while i < Qack
if @"““ =y /I place-holder repetition bit
6" = (@5 + wiy Jmod 2
k = (k +1)mod4m
else

if " =X // aplace-holder bit

~ ACK

6 =g
else  // coded bit
6" = (@ +wif Jmod2
k=(k+2)mod4m
end if
=i+l

end while

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

i lWACK WACK WACK WACK J
1111]
[L010]

[L1100]
[1001]

WIN|F|O
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When HARQ-ACK information is to be multiplexed with UL-SCH at a given PUSCH, the HARQ-ACK information is
multiplexed in all layers of all transport blocks of that PUSCH, For a given transport block, the vector sequence output

of the channel coding for HARQ-ACK information is denoted by q?CK,quK,...,qQA,CK |+ Where inCK ,
- - —~ACK -

i =0,...,Qcx —1 are column vectors of length (Q,,- N, ) and where Qxck = Qack / Qn IS Obtained as follows:
Seti,ktoO

while i < Qux

~ ACK ACK ACK

G, =[6"" ..q'q,-1] - temporary row vector
S S
(_4:\ K = [gf KL g: e ]T -- replicating the row vector c_i:CK NL times and transposing into a column vector
i=i+Qpn
k=k+1
end while

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

For rank indication (RI) (RI only, joint report of Rl and i1, joint report of CRI and RI, joint report of CRI, Rl and i1,
joint report of CRI, RI, and PTI, joint report of Rl and i1,p-2, and joint report of Rl and PTI) or CRI

- The corresponding bit widths for CRI feedback for PDSCH transmissions are given by Tables5.2.2.6.1-2A,
5.2.2.6.1-2C, 5.2.2.6.2-3A, 5.2.2.6.2-3C, 5.2.2.6.3-3A, 5.2.2.6.3-3C, 5.2.3.3.1-3E, 5.2.3.3.1-3H, 5.2.3.3.2-4E,
and 5.2.3.3.2-4H.

- The corresponding bit widths for RI feedback for PDSCH transmissions are given by Tables5.2.2.6.1-2,
5.2.2.6.1-2B, 5.2.2.6.1-2D, 5.2.2.6.1-2E, 5.2.2.6.2-3, 5.2.2.6.2-3B, 5.2.2.6.2-3D, 5.2.2.6.2-3E, 5.2.2.6.3-3,
5.2.2.6.3-3B, 5.2.2.6.3-3D, 5.2.2.6.3-3E, 5.2.3.3.1-3, 5.2.3.3.1-3A, 5.2.3.3.1-3B, 5.2.3.3.1-3B-1, 5.2.3.3.1-3C,
5.2.3.3.1-3D, 5.2.3.3.1-3F, 5.2.3.3.1-3G, 5.2.3.3.1-3|, 5.2.3.3.1-3J, 5.2.3.3.1-5, 5.2.3.3.2-4, 5.2.3.3.2-4A,
5.2.3.3.2-4B, 5.2.3.3.2-4C, 5.2.3.3.2-4D, 5.2.3.3.2-4F, 5.2.3.3.2-4G and 5.2.3.3.2-41 which are determined
assuming the maximum number of layers as follows:

- If the maxLayersMIMO-r10 is configured for the DL cell, the maximum number of layers is determined
according to maxLayersMIMO-r10 for the DL cell

- Elsg

- If the UE is configured with transmission mode 9, and the supportedMIMO-CapabilityDL-r10field is
included in the UE-EUTRA-Capability, the maximum number of layersis determined according to the
minimum of the configured number of CSI-RS ports and the maximum of the reported UE downlink
MIMO capabilities for the same band in the corresponding band combination.

- If the UE is configured with transmission mode 9, and higher layer parameter eMIMO-Type, and eMIMO-
Typeisset to 'CLASS B' with K>1, and RI and CRI are transmitted in the same reporting instance, and
the supportedMIMO-CapabilityDL-r10 field isincluded in the UE-EUTRA-Capability, the maximum
number of layersis determined according to the minimum of the maximum of number of antenna port of
the configured CSI-RS resources and the maximum of the reported UE downlink MIMO capabilities for
the same band in the corresponding band combination.

- If the UE is configured with transmission mode 9, and the supportedMIMO-CapabilityDL-r10 field is not
included in the UE-EUTRA-Capability, the maximum number of layersis determined according to the
minimum of the configured number of CSI-RS ports and ue-Category (without suffix).

- If the UE is configured with transmission mode 9, and higher layer parameter eMIMO-Type, and eMIMO-
Typeisset to 'CLASS B' with K>1, and RI and CRI are transmitted in the same reporting instance, and
the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum
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number of layersis determined according to the minimum of the maximum of number of antenna port of
the configured CSI-RS resources and ue-Category (without suffix).

- If the UE is configured with transmission mode 9, and higher layer parameter semiOpenLoop, and the
supportedMIMO-CapabilityDL-r10 field isincluded in the UE-EUTRA-Capability, the maximum number
of layersis determined according to the minimum of 2 and the maximum of the reported UE downlink
MIMO capabilities for the same band in the corresponding band combination.

- If the UE is configured with transmission mode 9, and higher layer parameter semiOpenLoop, and the
supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum
number of layersis determined according to the minimum of 2 and ue-Category (without suffix).

- If the UE is configured with transmission mode 9, and higher layer parameter eMIMO-Type, and eMIMO-
Typeisset to 'CLASS B' with K>1 with activatedResources>1, and Rl and CRI are transmitted in the
same reporting instance, and the supportedMIMO-CapabilityDL-r10 field isincluded in the UE-EUTRA-
Capability, the maximum number of layersis determined according to the minimum of the maximum of
number of antenna ports of the activated CSI-RS resources and the maximum of the reported UE
downlink MIMO capabilities for the same band in the corresponding band combination.

- If the UE is configured with transmission mode 9, and higher layer parameter eMIMO-Type, and eMIMO-
Typeisset to 'CLASS B' with K>1 with activatedResources>1, and Rl and CRI are transmitted in the
same reporting instance, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-
EUTRA-Capability, the maximum number of layersis determined according to the minimum of the
maximum of number of antenna ports of the activated CSI-RS resources and ue-Category (without
suffix).

- If the UE is configured with transmission mode 9, and higher layer parameter eMIMO-Type, and eMIMO-
Typeis set to 'CLASS B' with activatedResources=1 or number ActivatedAperiodicCS -RS-Resour ces>0,
and the supportedMIMO-CapabilityDL-r10 field is included in the UE-EUTRA-Capability, the maximum
number of layersis determined according to the minimum of the number of antenna port of the activated
or selected CSI-RS resource and the maximum of the reported UE downlink MIMO capabilities for the
same band in the corresponding band combination.

- If the UE is configured with transmission mode 9, and higher layer parameter eMIMO-Type, and eMIMO-
Typeis set to 'CLASS B' with activatedResources=1 or number ActivatedAperiodicCS -RS-Resour ces>0,
and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the
maximum number of layers is determined according to the minimum of the number of antenna ports of
the activated or selected CSI-RS resource and ue-Category (without suffix).

- If the UE is configured with transmission mode 9 and higher layer parameter eMIMO-Type and eMIMO-
Type2, and the supportedMIMO-CapabilityDL-r10 field isinclud