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Foreword

This Technical Specification has been produced by the 3rd 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 5G NR.

2 References

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

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

- For aspecific reference, subsequent revisions do not apply.

- For anon-specific reference, the latest version applies. In the case of areference 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 38.201: "NR; Physical Layer — General Description”

[3] 3GPP TS 38.202: "NR; Services provided by the physical layer”

[4] 3GPP TS 38.211: "NR; Physical channels and modulation"

[5] 3GPP TS 38.213: "NR; Physical layer procedures for control”

[6] 3GPP TS 38.214: "NR; Physical layer procedures for data"

[7] 3GPP TS 38.215: "NR; Physical layer measurements"

[8] 3GPP TS 38.321: "NR; Medium Access Control (MAC) protocol specification”
[9] 3GPP TS 38.331: "NR; Radio Resource Control (RRC) protocol specification”
[10] 3GPP TS 38.473: "NG-RAN; F1 Application Protocol (FLAP)"

[11] 3GPP TS 36.212: "Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and

channel coding"

[12] 3GPP TS 23.287: "Architecture enhancements for 5G System (5GS) to support Vehicle-to-
Everything (V2X) services'

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions givenin TR 21.905 [1] and the following apply. A
term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

3.2 Symbols

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

ETSI
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3.3 Abbreviations

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

BCH Broadcast channel

CBG Code block group

CBGTI Code block group transmission information
CG Configured grant

CG-DFI CG downlink feedback information
CG-ucCl CG uplink control information
CORESET Control resource set

coT Channel occupancy time

CQl Channel quality indicator

CRC Cyclic redundancy check

CRI CSI-RS resource indicator

csl Channel state information

CSI-RS CSl reference signal

DAI Downlink assignment index

DCI Downlink control information

DL Downlink

DL-SCH Downlink shared channel

DMRS Dedicated demodulation reference signal
HARQ Hybrid automatic repeat request
HARQ-ACK Hybrid automatic repeat request acknowledgement
LDPC Low density parity check

LI Layer indicator

MCS Modulation and coding scheme
OFDM Orthogonal frequency division multiplex
PBCH Physical broadcast channel

PCH Paging channel

PDCCH Physical downlink control channel
PDSCH Physical downlink shared channel
PMI Precoding matrix indicator

PRB Physical resource block

PRACH Physical random access channel
PSBCH Physical sidelink broadcast channel
PSCCH Physical sidelink control channel
PSFCH Physical sidelink feedback channel
PSSCH Physical sidelink shared channel
PTRS Phase-tracking reference signal
PUCCH Physical uplink control channel
PUSCH Physical uplink shared channel
RACH Random access channel

RI Rank indicator

RSRP Reference signal received power
SCl Sidelink control information

SFCI Sidelink feedback control information
SFN System frame number

SL Sidelink

SL-BCH Sidelink broadcast channel

SL-SCH Sidelink shared channel

SR Scheduling request

SRS Sounding reference signal

SS Synchronisation signal

SUL Supplementary uplink

TPC Transmit power control

TrCH Transport channel

UCl Uplink control information

UE User equipment
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UL Uplink
UL-SCH Uplink shared channel
VRB Virtual resource block

ZP CSI-RS Zero power CSI-RS

4 Mapping to physical channels

4.1 Uplink

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

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

Table 4.1-2
Control information Physical Channel
UCl PUCCH, PUSCH

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

Table 4.2-2
Control information Physical Channel
DCI PDCCH

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 and sidelink feedback control information to their
corresponding physical channels.

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

ETSI
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Table 4.3-2
Control information Physical Channel
1st-stage SCI PSCCH
2d-stage SCI PSSCH
SFCI PSFCH
5 General procedures

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 CRC calculation

Denote the input bits to the CRC computation by a,,a,,a,,as,..., 8,4, and the parity bitsby pg, p1, P2, P3ye-s Proas

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

- Ocrean(D)=[D*+D®+D®+ D" + D"+ D" + D+ D’ +D®+D*+D* + D*+ D +1] for aCRC length
L=24;

- Oereas(D)=[D* +D* +D®+D°+ D+1] foraCRClength L=24;
- Oeresc(D)=[D*+D®+D*+D*+D" +D* +D"®+D” +D®*+D* + D?+ D +1] foraCRClength L =24;
- Qeres(D)=[D*+D* + D® +1] foraCRC length L =16;
- Oepen(D)=[D" + D™ +D° + D®+1] for aCRC length L=11;
- Oeres(D)=[D°+D®+1] foraCRClength L =6.
The encoding is performed in a systematic form, which means that in GF(2), the polynomial:
a,D**+a D" ?+..+a,,D "+ p,D"" +pD"*+..+ p_,D'+ p_,
yields aremainder equal to O when divided by the corresponding CRC generator polynomial.

The bits after CRC attachment are denoted by by, by, b, bs,...,bg 1, where B= A+ L. Therelation between a_and b,
is:

by =a, for k=012...A-1

by =p_a  for k=AA+LA+2,.. A+L-1.

5.2 Code block segmentation and code block CRC attachment

5.2.1 Polar coding

Theinput bit sequence to the code block segmentation is denoted by a,,a,,a,,as,...,a, 4, Where A> 0.

Number of code blocks. C=2;
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else
Number of code blocks: C=1
end if
A=[A/C]|-C;
fori=0to A~A-1
a, =0;
end for

fori=A-Ato A-1

& =a_a_p)
end for
s=0;
forr=0to C-1

for k=0to A/C-1
Cy=al,
S=s+1;

end for

The sequence ¢, C,,C,5,C,3,-+,C(aycq) 1S Used to calculate the CRC parity bits pq, p,y, prs.-.., Pr(Ly) according to

- Y

Clause 5.1 with a generator polynomial of length L.
for k=A/C to A/C+L-1

Cik = Br(-aicys
end for
end for

Thevaueof A isno larger than 1706.

5.2.2 Low density parity check coding

Theinput bit sequence to the code block segmentation is denoted by by, b;,b,,bs,...,bg 1, where B>0. If B islarger
than the maximum code block size K, , segmentation of the input bit sequence is performed and an additional CRC
sequence of L =24 bitsis attached to each code block.

For LDPC base graph 1, the maximum code block sizeis:
- K, =8448.

For LDPC base graph 2, the maximum code block sizeis:
- K, =3840.

Total number of code blocks C is determined by:

if B<K,

ETSI



3GPP TS 38.212 version 16.7.0 Release 16 12 ETSI TS 138 212 V16.7.0 (2021-10)

L=0
Number of code blocks: C=1
B'=B
else
L=24
Number of code blocks: C =[B/(K,, - L)].
B'=B+C-L
end if

The bits output from code block segmentation are denoted by C,¢,C;1,C; 2, Cr3,---,Cr(k,-1) » Where 0<r < C isthe code
block number, and K, = K isthe number of bits for the code block number T .

The number of bits K in each code block is calculated as:
K'=B'/C;
For LDPC base graph 1,
K, =22.
For LDPC base graph 2,
if B>640
K, =10;
elseif B>560
K,=9;
elseif B>192
K, =8;

else

end if

find the minimum value of Z inall setsof lifting sizesin Table 5.3.2-1, denoted as Z_, suchthat K, -z, >K"', and
set K =227, for LDPC base graph 1 and K =10z, for LDPC base graph 2;

The bit sequence c,, is calculated as:
s=0.
for (=00 C-1
for K=0to K'-L-1

Crk = bs,
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S=S+l;
end for
it C>1

The sequence ¢, C,;,C,5,C,3,:- C, (kg 1S Used to calculate the CRC parity bits p,q, p;y, pre-os Pr(y)
according to Clause 5.1 with the generator polynomial g .., (D)-
for K=K'-L to K'-1

C = pr(k+L—K').

end for
end if
for k=K' to K—-1 --Insertion of filler bits

C, =< NULL >,

end for

end for

5.3 Channel coding

Usage of coding scheme for the different types of TrCH is shown in table 5.3-1. Usage of coding scheme for the
different control information typesis shown in table 5.3-2.

Table 5.3-1: Usage of channel coding scheme for TrCHs

TrCH Coding scheme
UL-SCH
DL-SCH LDPC

PCH

BCH Polar code

Table 5.3-2: Usage of channel coding scheme for control information

Control Information Coding scheme
DCI Polar code
Block code
UCl Polar code

5.3.1 Polar coding

The bit sequence input for a given code block to channel coding is denoted by ¢y, ¢, C,,Cs,...,Ck_4, Where K isthe
number of bits to encode. After encoding the bits are denoted by d,,d,,d,,...,d,_,, where N = 2" and thevalue of n is
determined by the following:

Denote by E therate matching output sequence length as given in Clause 5.4.1;

If E<(9/8)- 2= and K/E<9/16

n, =[log, E |-1;
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else

n =[log,E|;
end if
R, =1/8;

n, = ﬂng(K / Rmin)—|;
n=max{min{n,n,,n__ hn..}

where n;, =5.

ETSI TS 138 212 V16.7.0 (2021-10)

UE is not expected to be configured with K +n,. > E, where n,. isthe number of parity check bits defined in Clause

53.1.2.

5.3.1.1 Interleaving

The bit sequence ¢, ¢;,C;, C3,...,Cx_; iSinterleaved into bit sequence ¢’ ¢’ ,c, ,c',

G =Chgyr K=01...,K-1
where the interleaving pattern T1(k) is given by the following:
if 1, =0
nk)=k, k=01,...,.K-1
else
k=0;
for m=0to K™ -1
if TI7™(m)> K™ - K
(k) = 1 (m) - (K™ — K );
k=k+1;
end if
end for
end if

where 117 (m) isgiven by Table5.3.1.1-1 and K™ =164.

ETSI
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Table 5.3.1.1-1: Interleaving pattern 117 (m)

m (I | m | I | m | T | om | M | om | T | om | T (m
0 0 28 67 56 122 84 68 112 33 140 38
1 2 29 69 57 123 85 73 113 36 141 144
2 4 30 70 58 126 86 78 114 44 142 39
3 7 31 71 59 127 87 84 115 47 143 145
4 9 32 72 60 129 88 90 116 64 144 40
5 14 & 76 61 132 89 92 117 74 145 146
6 19 34 77 62 134 90 94 118 79 146 41
7 20 35! 81 63 138 91 96 119 85 147 147
8 24 36 82 64 139 92 99 120 97 148 148
9 25 37 83 65 140 93 102 121 100 149 149

10 26 38 87 66 1 94 105 122 103 150 150

11 28 39 88 67 3 95 107 123 117 151 151

12 31 40 89 68 5 96 109 124 125 152 152

13 34 41 91 69 8 97 112 125 131 153 153

14 42 42 93 70 10 98 114 126 136 154 154

15 45 43 95 71 15 99 116 127 142 155 155

16 49 44 98 72 21 100 121 128 12 156 156
17 50 45 101 73 27 101 124 129 17 157 157
18 51 46 104 74 29 102 128 130 23 158 158
19 53 47 106 75 32 103 130 131 37 159 159

20 54 48 108 76 35 104 133 132 48 160 160

21 56 49 110 77 43 105 135 133 75 161 161

22 58 50 111 78 46 106 141 134 80 162 162

23! 59 51 113 79 52 107 6 135 86 163 163

24 61 52 115 80 55 108 11 136 137

25 62 53 118 81 57 109 16 137 143

26 65 54 119 82 60 110 22 138 13

27 66 55} 120 83 63 111 30 139 18

5.3.1.2 Polar encoding

The Polar sequence Q= = {QMV= Q= ..., Q= } isgiven by Table5.3.1.2-1, where 0< Q"= <N, —1 denotesa
bit index before Polar encoding for i =01,...,N, —1 and N,__ =1024. The Polar sequence Q" isin ascending
order of reliability W(QM' )<W(Q"= )<...<W(QU¥= , ), where W(Q"= ) denotes the reliability of bit index Q=

For any code block encoded to N bits, asame Polar sequence Q)™ = {QON Q. Q) ,,,,,Qh’j_l} isused. The Polar
sequence Q)" isasubset of Polar sequence Q= with all elements Q" of valueslessthan N , orderedin
ascending order of reliability W(Q) )<W(Q)' )<W(Q) )<...<W(Q},)-

Denote QN asaset of bit indicesin Polar sequence QN, and Q" asthe set of other bit indicesin Polar sequence
Q, Qo Qe

QMN*, where QN and QY aregivenin Clause5.4.1.1, QN‘ =K +Npe » Gy‘ =N _‘QN

,and n. isthe number of

parity check bits.

Denote G = (GZ)®n asthe n-th Kronecker power of matrix G, , where G, :E ﬂ .

For abitindex j with j=0.1..,N -1, denote g, asthe j-throwof G and wg, ) astherow weight of g, where
w(g; ) is the number of onesin g, . Denote the set of bit indices for parity check bitsas QJ\. , where [QJ|=np - A

number of (npC - n;:g") parity check bits are placed in the (npC - n;,“g) least reliable bit indicesin Q. A number of
Npe other parity check bits are placed in the bit indices of minimum row weight in Q" , where Q' denotes the

QQN ‘ - nPC) most reliable bit indicesin QN ; if there are more than n¢' bit indices of the same minimum row weight

in QV, the n" other parity check bits are placed inthe n’' bit indices of the highest reliability and the minimum row
weightin QV.

Generate U =[u, U, U, ...u,,_, | according to the following:

k=0;
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if npe >0
Yo=0;y,=0;y,=0; y,=0; y,=0;
forn=0to N-1

Yi=Yor Yo=Y Y= Yor Yo=Y Y3=Yar Ya=VYis

if ne Q"
if ne Q
u, = Yo
else
U, =Cc;
k=k+1;
Yo =Yo®Uy,;
end if
else
u, =0;
end if
end for

for n=0to N-1

if ne Q"

end if
end for
end if

The output after encoding d = [do d, d,.. dN_l] isobtained by d =uG,, . The encoding is performed in GF(2).
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Table 5.3.1.2-1: Polar sequence Q/=" and its corresponding reliability W(Qleax)
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WQ™) [ Q@ [ W™ | Q¥ | wiQ™) | Q" | wi@™) | Q™ [ wl@*) | Q* [ wWl@™) [ Q™ | WlQ"™) | Q*= | wW{Q*) | Q*~
0 0 128 518 256 94 384 214 512 364 640 414 768 819 896 966
1 1 129 54 257 204 385 309 513 654 641 223 769 814 897 755
2 2 130 83 258 298 386 188 514 659 642 663 770 439 898 859
3 4 131 57 259 400 387 449 515 335 643 692 771 929 899 940
4 8 132 521 260 608 388 217 516 480 644 835 772 490 900 830
5 16 133 112 261 352 389 408 517 315 645 619 773 623 901 911
6 32 134 135 262 325 390 609 518 221 646 472 774 671 902 871
7 3 135 78 263 533 391 596 519 370 647 455 775 739 903 639
8 5 136 289 264 155 392 551 520 613 648 796 776 916 904 888
9 64 137 194 265 210 393 650 521 422 649 809 777 463 905 479
10 9 138 85 266 305 394 229 522 425 650 714 778 843 906 946
11 6 139 276 267 547 395 159 523 451 651 721 779 381 907 750
12 17 140 522 268 300 396 420 524 614 652 837 780 497 908 969
13 10 141 58 269 109 397 310 525 543 653 716 781 930 909 508
14 18 142 168 270 184 398 541 526 235 654 864 782 821 910 861
15 128 143 139 271 534 399 773 527 412 655 810 783 726 911 757
16 12 144 99 272 537 400 610 528 343 656 606 784 961 912 970
17 33 145 86 273 115 401 657 529 372 657 912 785 872 913 919
18 65 146 60 274 167 402 333 530 775 658 722 786 492 914 875
19 20 147 280 275 225 403 119 531 317 659 696 787 631 915 862
20 256 148 89 276 326 404 600 532 222 660 377 788 729 916 758
21 34 149 290 277 306 405 339 533 426 661 435 789 700 917 948
22 24 150 529 278 772 406 218 534 453 662 817 790 443 918 977
23 36 151 524 279 157 407 368 535 237 663 319 791 741 919 923
24 7 152 196 280 656 408 652 536 559 664 621 792 845 920 972
25 129 153 141 281 329 409 230 537 833 665 812 793 920 921 761
26 66 154 101 282 110 410 391 538 804 666 484 794 382 922 877
27 512 155 147 283 117 411 313 539 712 667 430 795 822 923 952
28 11 156 176 284 212 412 450 540 834 668 838 796 851 924 495
29 40 157 142 285 171 413 542 541 661 669 667 797 730 925 703
30 68 158 530 286 776 414 334 542 808 670 488 798 498 926 935
31 130 159 321 287 330 415 233 543 779 671 239 799 880 927 978
32 19 160 31 288 226 416 555 544 617 672 378 800 742 928 883
33 13 161 200 289 549 417 774 545 604 673 459 801 445 929 762
34 48 162 90 290 538 418 175 546 433 674 622 802 471 930 503
35 14 163 545 291 387 419 123 547 720 675 627 803 635 931 925
36 72 164 292 292 308 420 658 548 816 676 437 804 932 932 878
37 257 165 322 293 216 421 612 549 836 677 380 805 687 933 735
38 21 166 532 294 416 422 341 550 347 678 818 806 903 934 993
39 132 167 263 295 271 423 777 551 897 679 461 807 825 935 885
40 35 168 149 296 279 424 220 552 243 680 496 808 500 936 939
41 258 169 102 297 158 425 314 553 662 681 669 809 846 937 994
42 26 170 105 298 337 426 424 554 454 682 679 810 745 938 980
43 513 171 304 299 550 427 395 555 318 683 724 811 826 939 926
44 80 172 296 300 672 428 673 556 675 684 841 812 732 940 764
45 37 173 163 301 118 429 583 557 618 685 629 813 446 941 941
46 25 174 92 302 332 430 355 558 898 686 351 814 962 942 967
47 22 175 47 303 579 431 287 559 781 687 467 815 936 943 886
48 136 176 267 304 540 432 183 560 376 688 438 816 475 944 831
49 260 177 385 305 389 433 234 561 428 689 737 817 853 945 947
50 264 178 546 306 173 434 125 562 665 690 251 818 867 946 507
51 38 179 324 307 121 435 557 563 736 691 462 819 637 947 889
52 514 180 208 308 553 436 660 564 567 692 442 820 907 948 984
53 96 181 386 309 199 437 616 565 840 693 441 821 487 949 751
54 67 182 150 310 784 438 342 566 625 694 469 822 695 950 942
55 41 183 153 311 179 439 316 567 238 695 247 823 746 951 996
56 144 184 165 312 228 440 241 568 359 696 683 824 828 952 971
57 28 185 106 313 338 441 778 569 457 697 842 825 753 953 890
58 69 186 55 314 312 442 563 570 399 698 738 826 854 954 509
59 42 187 328 315 704 443 345 571 787 699 899 827 857 955 949
60 516 188 536 316 390 444 452 572 591 700 670 828 504 956 973
61 49 189 577 317 174 445 397 573 678 701 783 829 799 957 1000
62 74 190 548 318 554 446 403 574 434 702 849 830 255 958 892
63 272 191 113 319 581 447 207 575 677 703 820 831 964 959 950
64 160 192 154 320 393 448 674 576 349 704 728 832 909 960 863
65 520 193 79 321 283 449 558 577 245 705 928 833 719 961 759
66 288 194 269 322 122 450 785 578 458 706 791 834 477 962 1008
67 528 195 108 323 448 451 432 579 666 707 367 835 915 963 510
68 192 196 578 324 353 452 357 580 620 708 901 836 638 964 979
69 544 197 224 325 561 453 187 581 363 709 630 837 748 965 953
70 70 198 166 326 203 454 236 582 127 710 685 838 944 966 763
71 44 199 519 327 63 455 664 583 191 711 844 839 869 967 974
72 131 200 552 328 340 456 624 584 782 712 633 840 491 968 954
73 81 201 195 329 394 457 587 585 407 713 711 841 699 969 879
74 50 202 270 330 527 458 780 586 436 714 253 842 754 970 981
75 73 203 641 331 582 459 705 587 626 715 691 843 858 971 982
76 15 204 523 332 556 460 126 588 571 716 824 844 478 972 927
77 320 205 275 333 181 461 242 589 465 717 902 845 968 973 995
78 133 206 580 334 295 462 565 590 681 718 686 846 383 974 765
79 52 207 291 335 285 463 398 591 246 719 740 847 910 975 956
80 23 208 59 336 232 464 346 592 707 720 850 848 815 976 887
81 134 209 169 337 124 465 456 593 350 721 375 849 976 977 985
82 384 210 560 338 205 466 358 594 599 722 444 850 870 978 997
83 76 211 114 339 182 467 405 595 668 723 470 851 917 979 986
84 137 212 277 340 643 468 303 596 790 724 483 852 727 980 943
85 82 213 156 341 562 469 569 597 460 725 415 853 493 981 891
86 56 214 87 342 286 470 244 598 249 726 485 854 873 982 998
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87 27 215 197 343 585 471 595 599 682 727 905 855 701 983 766
88 97 216 116 344 299 472 189 600 573 728 795 856 931 984 511
89 39 217 170 345 354 473 566 601 411 729 473 857 756 985 988
90 259 218 61 346 211 474 676 602 803 730 634 858 860 986 1001
91 84 219 531 347 401 475 361 603 789 731 744 859 499 987 951
92 138 220 525 348 185 476 706 604 709 732 852 860 731 988 1002
93 145 221 642 349 396 477 589 605 365 733 960 861 823 989 893
94 261 222 281 350 344 478 215 606 440 734 865 862 922 990 975
95 29 223 278 351 586 479 786 607 628 735 693 863 874 991 894
96 43 224 526 352 645 480 647 608 689 736 797 864 918 992 1009
97 98 225 177 353 593 481 348 609 374 737 906 865 502 993 955
98 515 226 293 354 535 482 419 610 423 738 715 866 933 994 1004
99 88 227 388 355 240 483 406 611 466 739 807 867 743 995 1010
100 140 228 91 356 206 484 464 612 793 740 474 868 760 996 957
101 30 229 584 357 95 485 680 613 250 741 636 869 881 997 983
102 146 230 769 358 327 486 801 614 371 742 694 870 494 998 958
103 71 231 198 359 564 487 362 615 481 743 254 871 702 999 987

104 262 232 172 360 800 488 590 616 574 744 717 872 921 1000 1012
105 265 233 120 361 402 489 409 617 413 745 575 873 501 1001 999

107 576 235 336 363 307 491 788 619 366 747 798 875 847 1003 767
108 45 236 62 364 301 492 597 620 468 748 811 876 992 1004 989
109 100 237 282 365 417 493 572 621 655 749 379 877 447 1005 1003
110 640 238 143 366 213 494 219 622 900 750 697 878 733 1006 990

111 51 239 103 367 568 495 311 623 805 751 431 879 827 1007 1005
112 148 240 178 368 832 496 708 624 615 752 607 880 934 1008 959
113 46 241 294 369 588 497 598 625 684 753 489 881 882 1009 1011
114 75 242 93 370 186 498 601 626 710 754 866 882 937 1010 1013

115 266 243 644 371 646 499 651 627 429 755 723 883 963 1011 895
116 273 244 202 372 404 500 421 628 794 756 486 884 747 1012 1006
117 517 245 592 373 227 501 792 629 252 757 908 885 505 1013 1014
118 104 246 323 374 896 502 802 630 373 758 718 886 855 1014 1017

120 53 248 297 376 418 504 602 632 848 760 476 888 734 1016 991
121 193 249 770 377 302 505 410 633 690 761 856 889 829 1017 1020
122 152 250 107 378 649 506 231 634 713 762 839 890 965 1018 1007
123 77 251 180 379 771 507 688 635 632 763 725 891 938 1019 1015
124 164 252 151 380 360 508 653 636 482 764 698 892 884 1020 1019
125 768 253 209 381 539 509 248 637 806 765 914 893 506 1021 1021
126 268 254 284 382 111 510 369 638 427 766 752 894 749 1022 1022
127 274 255 648 383 331 511 190 639 904 767 868 895 945 1023 1023

5.3.2 Low density parity check coding

The bit sequence input for a given code block to channel coding is denoted by c,,¢;,C,,C3,...,Cx_1, Where K isthe
number of bitsto encode as defined in Clause 5.2.2. After encoding the bits are denoted by d,,d,,d,,...,d,, ,, where
N =662, for LDPC basegraph 1 and N =507, for LDPC base graph 2, and thevalue of Z_isgivenin Clause5.2.2.

For a code block encoded by LDPC, the following encoding procedure applies:

1) Findtheset withindex i . inTable 5.3.2-1 which contains Z_.

2) for k=22, to K-1

if ¢, #< NULL >
dk-zzc =Cy»
else
¢, =0;

dy 57, =< NULL >
end if

end for
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3) Generate N+2Z_ —K parity bits w = [WO,M&,WZ,...,WN+247K711T such that H x{ C} =0, where
w

c= [C(),Cl,cz,...,c,<_Jr ; O isacolumn vector of all elements equal to 0. The encoding is performed in GF(2).

For LDPC base graph 1, amatrix of H,, has 46 rowswith row indices i = 0,1,2,...,45 and 68 columns with
columnindices j =0,12,...,67 . For LDPC base graph 2, amatrix of H . has 42 rows with row indices
i =012,..,41and 52 columns with column indices j =0,1,2,...,51. The elementsin H . with row and

column indices given in Table 5.3.2-2 (for LDPC base graph 1) and Table 5.3.2-3 (for LDPC base graph 2) are
of value 1, and all other elementsin H . are of value 0.

Thematrix H is obtained by replacing each element of H,, witha Z_x z_ matrix, according to the following:
- Each element of valueOin H , isreplaced by an al zero matrix Oof size Z_xZ_;

- Eachelement of value 1in H . isreplaced by acircular permutation matrix |(F?,-) of size Z_xZ_, where [
and | aretherow and column indices of the element, and |(|:{J.) is obtained by circularly shifting the identity
matrix | of size Z_x z_ to theright P, times. Thevalueof p isgivenby p =mod(v

ihj?

Vi, isgiven by Tables 5.3.2-2 and 5.3.2-3 according to the set index i , and LDPC base graph.

zc). The value of

4) for k=K to N+2z -1

Table 5.3.2-1: Sets of LDPC lifting size Z

Set index (i ) Set of lifting sizes (Z )
{2, 4, 8, 16, 32, 64, 128, 256}
{3, 6, 12, 24, 48, 96, 192, 384}
{5, 10, 20, 40, 80, 160, 320}
{7, 14, 28, 56, 112, 224}
{9, 18, 36, 72, 144, 288}
{11, 22, 44, 88, 176, 352}
{13, 26, 52, 104, 208}
{15, 30, 60, 120, 240}

N[O |0 |WIN|F|O
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Table 5.3.2-2: LDPC base graph 1 (H .. ) and its parity check matrices (Vi,j)
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H BG V., H BG VIJ
Row Column f A Row Column f 7
index index Setindex ILS index index Setindex ILS

| J 0 1 2 3 4 5 6 7 | J 0 1 2 3 4 5 6 7
0 250 | 307 73 223 | 211 | 294 0 135 1 96 2 290 120 0 348 6 138
1 69 19 15 16 198 118 0 227 10 65 210 60 131 183 15 81 220
2 226 50 103 94 188 167 0 126 15 13 63 318 130 209 108 81 182 173
3 159 369 49 91 186 | 330 0 134 18 75 55 184 | 209 68 176 53 142
5 100 181 240 74 219 | 207 0 84 25 179 | 269 51 81 64 113 46 49
6 10 216 39 10 4 165 0 83 37 0 0 0 0 0 0 0 0
9 59 317 15 0 29 243 0 53 1 64 13 69 154 | 270 190 88 78
10 229 288 162 205 144 | 250 0 225 3 49 338 140 164 13 293 198 152
11 110 109 215 216 116 1 0 205 16 11 49 57 45 43 99 332 160 84

0 12 191 17 164 21 216 | 339 0 128 20 51 289 115 189 54 331 122 5
13 9 357 133 215 115 | 201 0 75 22 154 57 300 101 0 114 182 205
15 195 215 298 14 233 53 0 135 38 0 0 0 0 0 0 0 0
16 23 106 110 70 144 | 347 0 217 0 7 260 257 56 153 110 91 183
18 190 242 113 141 95 304 0 220 14 164 | 303 147 110 137 | 228 184 112
19 35 180 16 198 | 216 167 0 90 17 16 59 81 128 200 0 247 30 106
20 239 330 189 104 73 47 0 105 17 1 358 51 63 0 116 3 219
21 31 346 32 81 261 188 0 137 21 144 | 375 228 4 162 190 155 129
22 1 1 1 1 1 1 0 1 39 0 0 0 0 0 0 0 0
23 0 0 0 0 0 0 0 0 1 42 130 260 199 161 47 1 183
0 2 76 303 141 179 77 22 96 12 233 163 294 | 110 151 | 286 41 215
2 239 76 294 45 162 | 225 11 236 18 13 8 280 291 200 0 246 167 180
3 117 73 27 151 223 96 124 136 18 155 132 141 143 241 181 68 143
4 124 288 261 46 256 | 338 0 221 19 147 4 295 186 144 73 148 14
5 71 144 | 161 119 160 | 268 10 128 40 0 0 0 0 0 0 0 0
7 222 331 133 157 76 112 0 92 0 60 145 64 8 0 87 12 179
8 104 331 4 133 | 202 | 302 0 172 1 73 213 181 6 0 110 6 108
9 173 178 80 87 117 50 2 56 19 7 72 344 101 103 118 147 166 159
11 220 295 129 206 109 167 16 11 8 127 | 242 270 198 144 | 258 184 138

1 12 102 | 342 | 300 93 15 253 60 189 10 224 197 41 8 0 204 191 196
14 109 217 76 79 72 334 0 95 41 0 0 0 0 0 0 0 0
15 132 99 266 9 152 | 242 6 85 0 151 187 301 105 265 89 6 77
16 142 | 354 72 118 158 | 257 30 153 3 186 | 206 162 210 81 65 12 187
17 155 114 83 194 147 133 0 87 20 9 217 | 264 40 121 90 155 15 203
19 255 331 260 31 156 9 168 163 11 47 341 130 214 144 | 244 5 167
21 28 112 301 187 119 | 302 31 216 22 160 59 10 183 228 30 30 130
22 0 0 0 0 0 0 105 0 42 0 0 0 0 0 0 0 0
23 0 0 0 0 0 0 0 0 1 249 | 205 79 192 64 162 6 197
24 0 0 0 0 0 0 0 0 5 121 102 175 131 46 264 86 122
0 106 205 68 207 | 258 | 226 132 189 21 16 109 | 328 132 220 266 | 346 96 215
1 111 250 7 203 167 35 37 4 20 131 | 213 283 50 9 143 42 65
2 185 | 328 80 31 220 | 213 21 225 21 171 97 103 106 18 109 199 216
4 63 332 280 176 133 | 302 180 151 43 0 0 0 0 0 0 0 0
5] 117 256 38 180 | 243 111 4 236 0 64 30 177 53 72 280 44 25
6 93 161 227 186 | 202 | 265 149 117 12 142 11 20 0 189 157 58 47
7 229 267 202 95 218 128 48 179 22 13 188 | 233 55 3 72 236 130 126
8 177 160 200 153 63 237 38 92 17 158 22 316 148 257 113 131 178
9 95 63 71 177 0 294 122 24 44 0 0 0 0 0 0 0 0

2 10 39 129 106 70 3 127 195 68 1 156 24 249 88 180 18 45 185
13 142 200 295 77 74 110 155 6 2 147 89 50 203 0 6 18 127
14 225 88 283 214 | 229 | 286 28 101 23 10 170 61 133 168 0 181 132 117
15 225 53 301 77 0 125 85 33 18 152 27 105 122 165 | 304 100 199
17 245 131 184 198 | 216 131 47 96 45 0 0 0 0 0 0 0 0
18 205 240 246 117 | 269 163 179 125 0 112 | 298 289 49 236 38 9 32
19 251 205 230 223 | 200 | 210 42 67 3 86 158 280 157 199 170 125 178
20 117 13 276 90 234 7 66 230 2 4 236 | 235 110 64 0 249 191 2
24 0 0 0 0 0 0 0 0 11 116 | 339 187 193 266 | 288 28 156
25 0 0 0 0 0 0 0 0 22 222 | 234 281 124 0 194 6 58
0 121 276 220 201 187 97 4 128 46 0 0 0 0 0 0 0 0
1 89 87 208 18 145 94 6 23 1 23 72 172 1 205 | 279 4 27
3 84 0 30 165 166 49 33 162 6 136 17 295 166 0 255 74 141
4 20 275 197 5 108 | 279 113 220 25 7 116 | 383 96 65 0 111 16 11
6 150 199 61 45 82 139 49 43 14 182 | 312 46 81 183 54 28 181
7 131 153 175 142 132 166 21 186 47 0 0 0 0 0 0 0 0
8 243 56 79 16 197 91 6 96 0 195 71 270 107 0 325 21 163
10 136 132 281 34 41 106 151 1 2 243 81 110 176 0 326 142 131
11 86 305 303 155 162 | 246 83 216 26 4 215 76 318 212 0 226 192 169

3 12 246 231 253 213 57 345 154 22 15 61 136 67 127 277 99 197 98
13 219 | 341 164 147 36 269 87 24 48 0 0 0 0 0 0 0 0
14 211 212 53 69 115 185 5 167 1 25 194 210 208 45 91 98 165
16 240 304 44 96 242 | 249 92 200 27 6 104 194 29 141 36 326 140 232
17 76 300 28 74 165 | 215 173 32 8 194 101 304 | 174 72 268 22 9
18 244 271 77 99 0 143 120 235 49 0 0 0 0 0 0 0 0
20 144 39 319 30 113 121 2 172 0 128 | 222 11 146 275 102 4 32
21 12 357 68 158 108 121 142 219 4 165 19 293 153 0 1 1 43
22 1 1 1 1 1 1 0 1 28 19 181 244 50 217 155 40 40 200
25 0 0 0 0 0 0 0 0 21 63 274 234 | 114 62 167 93 205
0 157 | 332 233 170 | 246 42 24 64 50 0 0 0 0 0 0 0 0

4 1 102 181 205 10 235 | 256 204 | 211 1 86 252 27 150 0 273 92 232
26 0 0 0 0 0 0 0 0 14 236 5 308 11 180 104 136 32
0 205 195 83 164 | 261 | 219 185 2 29 18 84 147 117 53 0 243 106 118

5 1 236 14 292 59 181 130 100 171 25 6 78 29 68 42 107 6 103
3 194 115 50 86 72 251 24 47 51 0 0 0 0 0 0 0 0
12 231 166 318 80 283 | 322 65 143 30 0 216 159 91 34 0 171 2 170
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16 28 241 | 201 | 182 | 254 | 295 | 207 | 210 10 73 229 23 130 90 16 88 199
21 123 51 267 | 130 79 258 | 161 | 180 13 120 | 260 | 105 | 210 | 252 95 112 26
22 115 | 157 | 279 | 153 | 144 | 283 72 180 24 9 90 135 | 123 | 173 | 212 20 105
27 0 0 0 0 0 0 0 0 52 0 0 0 0 0 0 0 0
0 183 | 278 | 289 | 158 80 294 6 199 1 95 100 | 222 | 175 | 144 | 101 4 73
6 22 257 21 119 | 144 73 27 22 7 177 | 215 | 308 49 144 | 297 49 149
10 28 1 293 | 113 | 169 | 330 | 163 23 31 22 172 | 258 66 177 | 166 | 279 | 125 | 175
11 67 351 13 21 90 99 50 100 25 61 256 | 162 | 128 19 222 | 194 | 108
6 13 244 92 232 63 59 172 48 92 53 0 0 0 0 0 0 0 0
17 11 253 | 302 51 177 | 150 24 207 0 221 | 102 | 210 | 192 0 351 6 103
18 157 18 138 | 136 | 151 | 284 38 52 12 112 | 201 22 209 | 211 | 265 | 126 | 110
20 211 | 225 | 235 | 116 | 108 | 305 91 13 32 14 199 | 175 | 271 58 36 338 63 151
28 0 0 0 0 0 0 0 0 24 121 | 287 | 217 30 162 83 20 211
0 220 9 12 17 169 3 145 77 54 0 0 0 0 0 0 0 0
1 44 62 88 76 189 | 103 88 146 1 2 323 | 170 | 114 0 56 10 199
4 159 | 316 | 207 | 104 | 154 | 224 | 112 | 209 2 187 8 20 49 0 304 30 132
7 7 31 333 50 100 | 184 | 297 | 153 32 33 11 41 361 | 140 | 161 76 141 6 172
8 167 | 290 25 150 | 104 | 215 | 159 | 166 21 211 | 105 33 137 18 101 92 65
14 104 | 114 76 158 | 164 39 76 18 55 0 0 0 0 0 0 0 0
29 0 0 0 0 0 0 0 0 0 127 | 230 | 187 82 197 60 4 161
0 112 | 307 | 295 33 54 348 | 172 | 181 7 167 | 148 | 296 | 186 0 320 | 153 | 237
1 4 179 | 133 95 0 75 2 105 34 15 164 | 202 5 68 108 | 112 | 197 | 142
3 7 165 | 130 4 252 22 131 | 141 17 159 | 312 44 150 0 54 155 | 180
12 211 18 231 | 217 41 312 | 141 | 223 56 0 0 0 0 0 0 0 0
8 16 102 39 296 | 204 98 224 96 177 1 161 | 320 | 207 | 192 | 199 | 100 4 231
19 164 | 224 | 110 39 46 17 99 145 6 197 | 335 | 158 | 173 | 278 | 210 45 174
21 109 | 368 | 269 58 15 59 101 | 199 35 12 207 2 55 26 0 195 | 168 | 145
22 241 67 245 44 230 | 314 35 153 22 103 | 266 | 285 | 187 | 205 | 268 | 185 | 100
24 90 170 | 154 | 201 54 244 | 116 38 57 0 0 0 0 0 0 0 0
30 0 0 0 0 0 0 0 0 0 37 210 | 259 | 222 | 216 | 135 6 11
0 103 | 366 | 189 9 162 | 156 6 169 14 105 | 313 | 179 | 157 16 15 200 | 207
1 182 | 232 | 244 37 159 88 10 12 36 15 51 297 | 178 0 0 35 177 42
10 109 | 321 36 213 93 293 | 145 | 206 18 120 21 160 6 0 188 43 100
11 21 133 | 286 | 105 | 134 | 111 53 221 58 0 0 0 0 0 0 0 0
9 13 142 57 151 89 45 92 201 17 1 198 | 269 | 298 81 72 319 82 59
17 14 303 | 267 | 185 | 132 | 152 4 212 37 13 220 82 15 195 | 144 | 236 2 204
18 61 63 135 | 109 76 23 164 92 23 122 | 115 | 115 | 138 0 85 135 | 161
20 216 82 209 | 218 | 209 | 337 | 173 | 205 59 0 0 0 0 0 0 0 0
31 0 0 0 0 0 0 0 0 0 167 | 185 | 151 | 123 | 190 | 164 91 121
1 98 101 14 82 178 | 175 | 126 | 116 &) 151 | 177 | 179 90 0 196 64 90
2 149 | 339 80 165 1 253 77 151 38 10 157 | 289 64 73 0 209 | 198 26
4 167 | 274 | 211 | 174 28 27 156 70 12 163 | 214 | 181 10 0 246 | 100 | 140
10 7 160 | 111 75 19 267 | 231 16 230 60 0 0 0 0 0 0 0 0
8 49 383 | 161 | 194 | 234 49 12 115 1 173 | 258 | 102 12 153 | 236 4 115
14 58 354 | 311 | 103 | 201 | 267 70 84 3 139 93 77 77 0 264 28 188
32 0 0 0 0 0 0 0 0 39 7 149 | 346 | 192 49 165 37 109 | 168
0 77 48 16 52 55 25 184 45 19 0 297 | 208 | 114 | 117 | 272 | 188 52
1 41 102 | 147 11 23 322 | 194 | 115 61 0 0 0 0 0 0 0 0
12 83 8 290 2 274 | 200 | 123 | 134 0 157 | 175 32 67 216 | 304 10 4
1 16 182 47 289 35 181 | 351 16 1 20 8 137 37 80 45 144 | 237 84 103
21 78 188 | 177 32 273 | 166 | 104 | 152 17 149 | 312 | 197 96 2 135 12 30
22 252 | 334 43 84 39 338 | 109 | 165 62 0 0 0 0 0 0 0 0
23 22 115 | 280 | 201 26 192 | 124 | 107 1 167 52 154 23 0 123 2 53
33 0 0 0 0 0 0 0 0 3 173 | 314 47 215 0 77 75 189
0 160 77 229 | 142 | 225 | 123 6 186 41 9 139 | 139 | 124 60 0 25 142 | 215
1 42 186 | 235 | 175 | 162 | 217 20 215 18 151 | 288 | 207 | 167 | 183 | 272 | 128 24
10 21 174 | 169 | 136 | 244 | 142 | 203 | 124 63 0 0 0 0 0 0 0 0
12 11 32 232 48 3 151 | 110 | 153 | 180 0 149 | 113 | 226 | 114 27 288 | 163 | 222
13 234 50 105 28 238 | 176 | 104 98 a2 4 157 14 65 91 0 83 10 170
18 7 74 52 182 | 243 76 207 80 24 137 | 218 | 126 78 35 17 162 71
34 0 0 0 0 0 0 0 0 64 0 0 0 0 0 0 0 0
0 177 | 313 39 81 231 | 311 52 220 1 151 | 113 | 228 | 206 52 210 1 22
3 248 | 177 | 302 56 0 251 | 147 | 185 16 163 | 132 69 22 243 3 163 | 127
13 7 151 | 266 | 303 72 216 | 265 1 154 43 18 173 | 114 | 176 | 134 0 53 99 49
20 185 | 115 | 160 | 217 47 94 16 178 25 139 | 168 | 102 | 161 | 270 | 167 98 125
23 62 370 37 78 36 81 46 150 65 0 0 0 0 0 0 0 0
35 0 0 0 0 0 0 0 0 0 139 80 234 84 18 79 4 191
0 206 | 142 78 14 0 22 1 124 7 157 78 227 4 0 244 6 211
12 55 248 | 299 | 175 | 186 | 322 | 202 | 144 44 9 163 | 163 | 259 9 0 293 | 142 | 187
15 206 | 137 54 211 | 253 | 277 | 118 | 182 22 173 | 274 | 260 12 57 272 3 148
14 16 127 89 61 191 16 156 | 130 95 66 0 0 0 0 0 0 0 0
17 16 347 | 179 51 0 66 1 72 1 149 | 135 | 101 | 184 | 168 82 181 | 177
21 229 12 258 43 79 78 2 76 45 6 151 | 149 | 228 | 121 0 67 45 114
36 0 0 0 0 0 0 0 0 10 167 15 126 29 144 | 235 | 153 93
15 0 40 241 | 229 90 170 | 176 | 173 39 67 0 0 0 0 0 0 0 0

ETSI



3GPP TS 38.212 version 16.7.0 Release 16 24 ETSI TS 138 212 V16.7.0 (2021-10)

Table 5.3.2-3: LDPC base graph 2 (H .. ) and its parity check matrices (Vi,j)
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H BG V., H BG VIJ
Row Column f 7 Row Column f 7
index index Setindex ILS index index Setindex ILS
| J 0 1 2 3 4 5 6 7 | J 0 1 2 3 4 5 6 7
0 9 174 0 72 3 156 143 145 16 26 0 0 0 0 0 0 0 0
1 117 97 0 110 26 143 19 131 1 254 158 0 48 120 134 57 196
2 204 166 0 23 53 14 176 71 5 124 23 24 132 43 23 201 173
0 3 26 66 0 181 35 3 165 21 17 11 114 9 109 206 65 62 142 195
6 189 71 0 95 115 40 196 23 12 64 6 18 2 42 163 35 218
9 205 172 0 8 127 123 13 112 27 0 0 0 0 0 0 0 0
10 0 0 0 1 0 0 0 1 0 220 186 0 68 17 173 129 128
11 0 0 0 0 0 0 0 0 18 6 194 6 18 16 106 31 203 211
0 167 27 137 53 19 17 18 142 7 50 46 86 156 142 22 140 210
3 166 36 124 156 94 65 27 174 28 0 0 0 0 0 0 0 0
4 253 48 0 115 104 63 3 183 0 87 58 0 35 79 13 110 39
5] 125 92 0 156 66 1 102 27 19 1 20 42 158 138 28 135 124 84
1 6 226 31 88 115 84 55 185 96 10 185 156 154 86 41 145 52 88
7 156 187 0 200 98 37 17 23 29 0 0 0 0 0 0 0 0
8 224 185 0 29 69 171 14 9 1 26 76 0 6 2 128 196 117
9 252 3 55 31 50 133 180 167 20 4 105 61 148 20 103 52 35 227
11 0 0 0 0 0 0 0 0 11 29 153 104 | 141 78 173 114 6
12 0 0 0 0 0 0 0 0 30 0 0 0 0 0 0 0 0
0 81 25 20 152 95 98 126 74 0 76 157 0 80 91 156 10 238
1 114 114 94 131 106 168 163 31 21 8 42 175 17 43 75 166 122 13
3 44 117 99 46 92 107 47 3 13 210 67 33 81 81 40 23 11
2 4 52 110 9 191 110 82 183 53 31 0 0 0 0 0 0 0 0
8 240 114 | 108 91 111 142 132 155 1 222 20 0 49 54 18 202 195
10 1 1 1 0 1 1 1 0 22 2 63 52 4 1 132 163 126 44
12 0 0 0 0 0 0 0 0 32 0 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0 0 0 23 106 0 156 68 110 52 5
1 8 136 38 185 120 53 36 239 23 3 235 86 75 54 115 132 170 94
2 58 175 15 6 121 174 48 171 5 238 95 158 134 56 150 13 111
4 158 113 102 36 22 174 18 95 33 0 0 0 0 0 0 0 0
5] 104 72 146 124 4 127 111 110 1 46 182 0 153 30 113 113 81
3 6 209 123 12 124 73 17 203 159 2 2 139 153 69 88 42 108 161 19
7 54 118 57 110 49 89 3 199 9 8 64 87 63 101 61 88 130
8 18 28 53 156 128 17 191 43 34 0 0 0 0 0 0 0 0
9 128 186 46 133 79 105 160 75 0 228 45 0 211 128 72 197 66
10 0 0 0 1 0 0 0 1 25 5 156 21 65 94 63 136 194 95
13 0 0 0 0 0 0 0 0 35 0 0 0 0 0 0 0 0
0 179 72 0 200 42 86 43 29 2 29 67 0 90 142 36 164 146
4 1 214 74 136 16 24 67 27 140 7 143 137 100 6 28 38 172 66
11 71 29 157 101 51 83 117 180 26 12 160 55 13 221 100 53 49 190
14 0 0 0 0 0 0 0 0 13 122 85 7 6 133 145 161 86
0 231 10 0 185 40 79 136 121 36 0 0 0 0 0 0 0 0
1 41 44 131 138 140 84 49 41 0 8 103 0 27 13 42 168 64
5 5] 194 121 142 170 84 35 36 169 27 6 151 50 32 118 10 104 193 181
7 159 80 141 219 137 103 132 88 37 0 0 0 0 0 0 0 0
11 103 48 64 193 71 60 62 207 1 98 70 0 216 106 64 14 7
15 0 0 0 0 0 0 0 0 28 2 101 111 126 212 77 24 186 144
0 155 129 0 123 109 47 7 137 5 135 168 110 193 43 149 46 16
5] 228 92 124 55 87 154 34 72 38 0 0 0 0 0 0 0 0
6 7 45 100 99 31 107 10 198 172 0 18 110 0 108 133 139 50 25
9 28 49 45 222 133 155 168 124 29 4 28 17 154 61 25 161 27 57
11 158 184 | 148 209 139 29 12 56 39 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 2 71 120 0 106 87 84 70 37
1 129 80 0 103 97 48 163 86 5 240 154 35 44 56 173 17 139
5 147 186 45 13 135 125 78 186 30 7 9 52 51 185 104 93 50 221
7 7 140 16 148 105 35 24 143 87 9 84 56 134 | 176 70 29 6 17
11 3 102 96 150 108 47 107 172 40 0 0 0 0 0 0 0 0
13 116 143 78 181 65 55 58 154 1 106 3 0 147 80 117 115 201
17 0 0 0 0 0 0 0 0 31 13 1 170 20 182 139 148 189 46
0 142 118 0 147 70 53 101 176 41 0 0 0 0 0 0 0 0
8 1 94 70 65 43 69 31 177 169 0 242 84 0 108 32 116 110 179
12 230 152 87 152 88 161 22 225 32 5 44 8 20 21 89 73 0 14
18 0 0 0 0 0 0 0 0 12 166 17 122 110 71 142 163 116
1 203 28 0 2 97 104 186 167 42 0 0 0 0 0 0 0 0
8 205 132 97 30 40 142 27 238 2 132 165 0 71 135 105 163 46
9 10 61 185 51 184 24 99 205 48 33 7 164 179 88 12 6 137 173 2
11 247 178 85 83 49 64 81 68 10 235 124 13 109 2 29 179 106
19 0 0 0 0 0 0 0 0 43 0 0 0 0 0 0 0 0
0 11 59 0 174 46 111 125 38 0 147 173 0 29 37 11 197 184
1 185 104 17 150 41 25 60 217 34 12 85 177 19 201 25 41 191 135
10 6 0 22 156 8 101 174 177 208 13 36 12 78 69 114 162 193 141
7 117 52 20 56 96 23 51 232 44 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 1 57 77 0 91 60 126 157 85
0 11 32 0 99 28 91 39 178 a5 5 40 184 157 165 137 152 167 225
7 236 92 7 138 30 175 29 214 11 63 18 6 55 93 172 181 175
11 9 210 174 4 110 116 24 35 168 45 0 0 0 0 0 0 0 0
13 56 154 2 99 64 141 8 51 0 140 25 0 1 121 73 197 178
21 0 0 0 0 0 0 0 0 36 2 38 151 63 175 129 154 167 112
1 63 39 0 46 33 122 18 124 7 154 170 82 83 26 129 179 106
12 3 111 93 113 217 122 11 155 122 46 0 0 0 0 0 0 0 0
11 14 11 48 109 131 4 49 72 10 219 37 0 40 97 167 181 154
22 0 0 0 0 0 0 0 0 37 13 151 31 144 12 56 38 193 114
13 0 83 49 0 37 76 29 32 48 47 0 0 0 0 0 0 0 0
1 2 125 112 113 37 91 53 57 38 1 31 84 0 37 1 112 157 42
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8 38 35 102 | 143 62 27 95 167 5) 66 151 93 97 70 7 173 41
13 222 | 166 26 140 47 127 | 186 | 219 11 38 190 19 46 1 19 191 | 105
23 0 0 0 0 0 0 0 0 48 0 0 0 0 0 0 0 0
1 115 19 0 36 143 11 91 82 0 239 93 0 106 | 119 | 109 | 181 | 167
6 145 | 118 | 138 95 51 145 20 232 39 7 172 | 132 24 181 32 6 157 45
14 11 3 21 57 40 130 8 52 204 12 34 57 138 | 154 | 142 | 105 | 173 | 189
13 232 | 163 27 116 97 166 | 109 | 162 49 0 0 0 0 0 0 0 0
24 0 0 0 0 0 0 0 0 2 0 103 0 98 6 160 | 193 78
0 51 68 0 116 | 139 | 137 | 174 38 40 10 75 107 36 35 73 156 | 163 67
15 10 175 63 73 200 96 103 | 108 | 217 13 120 | 163 | 143 36 102 82 179 | 180
11 213 81 99 110 | 128 40 102 | 157 50 0 0 0 0 0 0 0 0
25 0 0 0 0 0 0 0 0 1 129 | 147 0 120 48 132 | 191 53
1 203 87 0 75 48 78 125 | 170 1 5) 229 7 2 101 47 6 197 | 215
16 9 142 | 177 79 158 9 158 31 23 11 118 60 55 81 19 8 167 | 230
11 8 135 | 111 | 134 28 17 54 175 51 0 0 0 0 0 0 0 0
12 242 64 143 97 8 165 | 176 | 202

5.3.3 Channel coding of small block lengths
The bit sequence input for a given code block to channel coding is denoted by c,,c;,C,,C3,...,Cx_1, Where K isthe

number of bits to encode. After encoding the bits are denoted by d,,d,,d,,...,d,, ;-

5.3.3.1 Encoding of 1-bit information

For K =1, the code block is encoded according to Table 5.3.3.1-1, where N = Q,, and Q,, isthe modulation order for
the code block.

Table 5.3.3.1-1: Encoding of 1-bit information

Q. Encoded bits d,,d,,d,,...,dy_,
1 [Col

2 [C Y]

4 [Co y X X]

6 [Coy XX XxX]

8 [Coy XX xxxX]

The"x" and"y" in Table 5.3.3.1-1 are placeholders for Clause 6.3.1.1 of [4, TS 38.211] to scramble the information bits
in away that maximizes the Euclidean distance of the modulation symbols carrying the information bits.

5.3.3.2 Encoding of 2-bit information

For K = 2, the code block is encoded according to Table 5.3.3-2, where ¢, = (¢, +¢)mod2, N =3Q,,, and Q,, isthe
modulation order for the code block.

Table 5.3.3.2-1: Encoding of 2-bit information

Q, Encoded bits d,,d,,d,,...,d,_,

1 [&GCl

2 [6CC&GC)

’ [y & XX €, G XXC € XX]

6 [CHC XX XX C,CuXXXX € Cy,XXXX]

8 [CC X XXXXX CCyXXXXXX CCyXXXXXX]

The"x" in Table 5.3.3.2-1 are placeholders for Clause 6.3.1.1 of [4, TS 38.211] to scramble the information bitsina
way that maximizes the Euclidean distance of the modulation symbols carrying the information bits.
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5.3.3.3 Encoding of other small block lengths

For 3< K <11, the code block is encoded by d, =(§Ck'Mikjm0d2'Where i=0,1---,N-1, N=32,and M,
k=0
represents the basis sequences as defined in Table 5.3.3.3- 1.

Table 5.3.3.3-1: Basis sequences for (32, K) code

i Mio | Mix | Mi2 | Miz | Mi4a | Mis | Mie | Mi7z | Mig | Mig | Mi1o
0 1 1 0 0 0 0 0 0 0 0 1
1 1 1 1 0 0 0 0 0 0 1 1
2 1 0 0 1 0 0 1 0 1 1 1
3 1 0 1 1 0 0 0 0 1 0 1
4 1 1 1 1 0 0 0 1 0 0 1
5 1 1 0 0 1 0 1 1 1 0 1
6 1 0 1 0 1 0 1 0 1 1 1
7 1 0 0 1 1 0 0 1 1 0 1
8 1 1 0 1 1 0 0 1 0 1 1
9 1 0 1 1 1 0 1 0 0 1 1
10| 1 0 1 0 0 1 1 1 0 1 1
11| 1 1 1 0 0 1 1 0 1 0 1
12| 1 0 0 1 0 1 0 1 1 1 1
13| 1 1 0 1 0 1 0 1 0 1 1
14| 1 0 0 0 1 1 0 1 0 0 1
15| 1 1 0 0 1 1 1 1 0 1 1
16| 1 1 1 0 1 1 1 0 0 1 0
17| 1 0 0 1 1 1 0 0 1 0 0
18| 1 1 0 1 1 1 1 1 0 0 0
19| 1 0 0 0 0 1 1 0 0 0 0
20| 1 0 1 0 0 0 1 0 0 0 1
21| 1 1 0 1 0 0 0 0 0 1 1
22| 1 0 0 0 1 0 0 1 1 0 1
23| 1 1 1 0 1 0 0 0 1 1 1
24| 1 1 1 1 1 0 1 1 1 1 0
25| 1 1 0 0 0 1 1 1 0 0 1
26| 1 0 1 1 0 1 0 0 1 1 0
27 1 1 1 1 0 1 0 1 1 1 0
28| 1 0 1 0 1 1 1 0 1 0 0
29| 1 0 1 1 1 1 1 1 1 0 0
30| 1 1 1 1 1 1 1 1 1 1 1
1 0 0 0 0 0 0 0 0 0 0

w
[y

54 Rate matching

54.1 Rate matching for Polar code

The rate matching for Polar code is defined per coded block and consists of sub-block interleaving, bit collection, and
bit interleaving. The input bit sequence to rate matching is d,,d,,d,....,d,_,- The output bit sequence after rate matching

isdenoted as f,, f, f,,..., fo,-

5411 Sub-block interleaving

The bitsinput to the sub-block interleaver are the coded bits d,d,,d,,...,d,_,- The coded bits d ,d,,d,,...,d, , &€
divided into 32 sub-blocks. The bits output from the sub-block interleaver aredenoted as y,, y, v, ..., y,,_, » 9€nerated as
follows:
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forn=0to N-1
i=[32n/N];
J(n)=P(i)x(N/32)+mod(n,N/32);
Yo =y

end for

where the sub-block interleaver pattern P(i) isgiven by Table 5.4.1.1-1.

Table 5.4.1.1-1: Sub-block interleaver pattern P(j)

i | PG| i | P) | i Pi) | i | P() | i P(i) | i Pi) | i Pi) | i | P()
0 0 4 3 8 8 12 10 16 12 20 14 24 24 28 27
1 1 5 5 9 16 13 18 17 20 21 22 25 25 29 29
2 2 6 6 10 9 14 11 18 13 22 15 26 26 30 30
3 4 7 7 11 17 15 19 19 21 23 23 27 28 31 31

The sets of bitindices Q| and Q) are determined as follows, where K , n,. , and Q)" are defined in Clause 5.3.1
Qf i =2
if E<N
if K/IE<7/16 -- puncturing
forn=0to N-E-1
QFimp = Qfiump U{I (M)}
end for
if E>3N/4
Qi = QP U0 [3N/4-E/2]-1};
else
Qe = Qfp UI0L... [ON/16-E/4]-1};
end if
else -- shortening
foorn=EtoN-1
QFimp = Qe U{I (M)}
end for
end if
end if
Qi =Q0 "\ QF iy
Q) comprises (K + . ) most reliable bitindicesin QN _;

QF =Q5"\Q";
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54.1.2 Bit selection

The bit sequence after the sub-block interleaver y .y, ....,y,_, from Clause 5.4.1.1 iswritten into acircular buffer of
length N .

Denoting by E the rate matching output sequence length, the bit selection output bit sequence e, , k=012,....E-1, iS
generated as follows:

if ExN --repetition

for k=0to E-1

€& = Ymodk.N) §
end for
else
if K/E<7/16 -- puncturing

for k=0to E-1

€& = Yien-e’
end for
else  -- shortening

for k=0to E-1

€& =Y
end for
end if
end if
54.1.3 Interleaving of coded bits

The bit sequence ¢, ¢, e,,..., e, iSinterleaved into bit sequence f, f, f,,..., f.,, asfollows:

e
If 1, =1
Denote T asthe smallest integer suchthat T(T +1)/2> E;
k=0;
fori=0toT-1
for j=0to T—-1-i
if K<E
Vi, =6
else
Vi ; =< NULL >;

end if
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k=k+1;
end for
end for
k=0;
for j=0t0o T-1
fori=0toT—-1-]j

if v, #< NULL >

fe=v;
k=k+1
end if
end for
end for
else

fori=0to E-1
fi=e;
end for
end if

Thevalue of E isno larger than 8192.

5.4.2 Rate matching for LDPC code

The rate matching for LDPC code is defined per coded block and consists of bit selection and bit interleaving. The input
bit sequence to rate matching is d,,d,,d,....,d,,_,- The output bit sequence after rate matching is denoted as

foo foy Toueen Ty -

5421 Bit selection

The bit sequence after encoding d,,d,,d,....,d,_, from Clause 5.3.2 iswritten into a circular buffer of length N, for the
r -th coded block, where N isdefined in Clause 5.3.2.

For the r -th code block, let Ny, = N if 1, 5o, =0 and N, = min(N, N, ) otherwise, where _ :LTBSLBRMJ
C-Rigrm

R gru = 2/3, TBS 4, 1S determined according to Clause 6.1.4.2in [6, TS 38.214] for UL-SCH and Clause 5.1.3.2in

[6, TS 38.214] for DL-SCH/PCH, assuming the following:

- maximum number of layers for one TB for UL-SCH is given by X, where

- if the higher layer parameter maxMIMO-Layers of PUSCH-ServingCellConfig of the serving cell is
configured, X is given by that parameter

- elsaf the higher layer parameter maxRank of pusch-Config of the serving cell is configured, X is given by the
maximum value of maxRank across all BWPs of the serving cell

- otherwise, X is given by the maximum number of layers for PUSCH supported by the UE for the serving cell
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- maximum number of layers for one TB for DL-SCH/PCH is given by the minimum of X and 4, where

- if the higher layer parameter maxMIMO-Layers of PDSCH-ServingCellConfig of the serving cell is
configured, X isgiven by that parameter

- otherwise, X is given by the maximum number of layers for PDSCH supported by the UE for the serving cell
- if the higher layer parameter mcs-Table or mcs-TableDCI-1-2 given by a pdsch-Config for at least one DL

BWHP of the serving cell is set to ‘gam256', maximum modulation order Q_=8 isassumed for DL-SCH;
otherwise a maximum modulation order Q,, = 6 isassumed for DL-SCH,;

- if the higher layer parameter mcs-Table or mes-TableTransformPrecoder or mecs-TableDCI-0-2 or mcs-
TableTransformPrecoder DCI-0-2 given by a pusch-Config or the higher layer parameter mcs-Table or
mcs-TableTransformPrecoder given by configuredGrantConfig for at least one UL BWP of the serving cell
is set to 'gam256', maximum modulation order Q, =8 isassumed for UL-SCH; otherwise a maximum

modulation order Q,, = 6 isassumed for UL-SCH
- maximum coding rate of 948/1024;

- Nprg = Nprg Lgry IS Oiven by Table 5.4.2.1-1, where the value of Npgg)| gry for DL-SCH is determined

according to theinitial downlink bandwidth part if thereis no other downlink bandwidth part configured to the
UE;

- N =156-Nygg;

C isthe number of code blocks of the transport block determined according to Clause 5.2.2.

Table 5.4.2.1-1: Value of Ners,LBRM

Maximum number of PRBs across all configured DL BWPs and UL BWPs of a carrier for DL- n

SCH and UL-SCH, respectively R ETE A

Less than 33 32

33 to 66 66

67 to 107 107

108 to 135 135

136 to 162 162

163 to 217 217

Larger than 217 273

Denoting by E, the rate matching output sequence length for the r -th coded block, where the value of E, is
determined as follows:

Set j=0
forr=0to C-1

if the r -th coded block is not scheduled for transmission as indicated by CBGT| according to Clause 5.1.7.2 for
DL-SCH and 6.1.5.2 for UL-SCH in[6, TS 38.214]

E, =0;

else

if j<c-mod(G/(N, -Q,).C)-1
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else
E,:N_Qm.[NL gm_c},
end if
i=j+1
end if
end for
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- N, isthe number of transmission layers that the transport block is mapped onto;

- Q,, isthe modulation order;

- G isthetotal number of coded bits available for transmission of the transport block;

Denote by rv,, the redundancy version number for this transmission (rv,, =0, 1, 2 or 3), the rate matching output bit
sequence €, , k=0.12,...,.E-1, isgenerated as follows, where k, isgiven by Table 5.4.2.1-2 according to the value of

rv,, and LDPC base graph:
k=0;
j=0;
while k< E
if d,

kot 1)modny,, =< NULL >

€ = iy jmoan, *
k=k+1;

end if

j=j+1;

end while

Table 5.4.2.1-2: Starting position of different redundancy versions, k,

Cc'=C if CBGTI isnot present in the DCI scheduling the transport block and C' isthe number of scheduled code
blocks of the transport block if CBGTI is present in the DCI scheduling the transport block.

Ko
rv,
‘ LDPC base graph 1 | LDPC base graph 2
0 0 0
q 17N, 13N,
| 66Z, | S0Z, |
; 33N, 25N,
| 66Z, | S0Z, |
. 56N, 7 43N,
| 66Z, | 50Z, |
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5.4.2.2 Bit interleaving

The bit sequence e,,¢,,e,,....e._, iSinterleaved to bit sequence f, f,, f,,..., f._,, acording to the following, where the

value of Q,, isthe modulation order.

E-1’

for j=0to E/Q, -1
fori=01t0 Q, -1
fi+j-Qm =€eig+j ;

end for

end for

54.3 Rate matching for channel coding of small block lengths

Theinput bit sequence to rate matchingis d,,d,,d,,...,
fy, T, f,,..., foy» Where E isthe rate matching output sequence length. The bit sequence f, f,, f
the following:

d,_,- Theoutput bit sequence after rate matching is denoted as
f., isobtained by

29reny

for k=0to E-1

fi = Oy moan s

end for

55 Code block concatenation

Theinput bit sequence for the code block concatenation block are the sequences f, , for r =0,...,C-1 and
k=0,..,E, -1, where E, isthe number of rate matched bits for the r -th code block. The output bit sequence from the
code block concatenation block is the sequence g, 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,
9= f;
k=k+1
j=j+1
end while
r=r+1

end while
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6 Uplink transport channels and control information

6.1 Random access channel

The sequence index for the random access channel is received from higher layers and is processed accordingto [4, TS
38.211].

6.2 Uplink shared channel

6.2.1  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 bitsin a transport block delivered to layer
lbyay,a,a,,3a3,..,a,, and the parity bitsby py, p;, P2, Pz, PL_1, Where A isthe payload sizeand L isthe

number of parity bits. The lowest order information bit @, is mapped to the most significant bit of the transport block
asdefined in Clause 6.1.1 of [TS38.321].

The parity bits are computed and attached to the UL-SCH transport block according to Clause 5.1, by setting L to 24
bits and using the generator polynomial g..,,.(D) if A>3824; and by setting L to 16 bits and using the generator

polynomial g..,;(D) otherwise.

The bits after CRC attachment are denoted by by, b,,b,,b,...,bg ;, where B= A+ L.

6.2.2 LDPC base graph selection

For initial transmission of atransport block with coding rate R indicated by the MCS index according to Clause
6.1.4.1in[6, TS 38.214] and subsequent re-transmission of the same transport block, each code block of the transport
block is encoded with either LDPC base graph 1 or 2 according to the following:

- if AL292, orif A<3824 and R<0.67, orif R<0.25, LDPC base graph 2 is used;
- otherwise, LDPC base graph 1 is used,

where A isthe payload size as described in Clause 6.2.1.

6.2.3 Code block segmentation and code block CRC attachment

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

Code block segmentation and code block CRC attachment are performed according to Clause 5.2.2.

The bits after code block segmentation are denoted by C,,C;1,C,2, Cr3,..-: Cr(k, 1) » Where I' isthe code block number
and K, isthe number of bits for code block number I according to Clause 5.2.2.

6.2.4 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,Crgs- Cr(k, -1) » Where I isthe code block number, and K isthe number of bitsin code block number 1 .
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The total number of code blocksis denoted by C and each code block isindividually LDPC encoded according to
Clause 5.3.2.

After encoding the bitsaredenoted by d ,d ,,d,,,d,5,...,d, where the valuesof N, isgivenin Clause5.3.2.

(N-1)?

6.2.5 Rate matching

Coded hits for each code block, denotedas d ..d ..d .. d

s Fs I r3,,,,,dr(Nr_l),aredeliveredtotheratema*tchblock, where 1 is

the code block number, and N, is the number of encoded bitsin code block number r . The total number of code
blocksis denoted by C and each code block isindividually rate matched according to Clause 5.4.2 by setting

=1 if higher layer parameter rateMatching is set to limitedBuffer RM and by setting | =0 otherwise.

I LBRM LBRM

After rate matching, the bits are denoted by f
code block number T .

c0r fras Frzs frgnes £ (g y)» Where B, isthe number of rate matched bits for
6.2.6 Code block concatenation

Theinput bit sequence for the code block concatenation block are the sequences f for

1o’ 1:rl’ frZ’ fr3""' 1:r(E,—l)’
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 Clause 5.5.

The bits after code block concatenation are denoted by ¢, 9,,0,, Js....,Jg_;» Where G isthe total number of coded bits
for transmission.

6.2.7 Data and control multiplexing
Denote the coded bits for UL-SCH as g5, g, >, g, >, g3’ >" ..., goiisen -

Denote the coded bits for HARQ-ACK or jointly coded bits for HARQ-ACK and CG-UCI when the high layer

parameter cg-UCI-Muiltiplexing is configured, if any, as go™, g™, g, g5“,..., g4 .

Denote the coded bitsfor CSI part 1, if any, as g5~ ™", g > ™", gs> P, oS>t | g&rat

' N 192 1 I3 LARES GCS"panl,l'
Denote the coded bits for CSI part 2, if any, as gy >, g>P*?, g™, g™ | g s -

Denote the coded bits for CG-UCI without HARQ-ACK, if any, asg§¢-UC!, gfG-UCl, gfG-UCI oCG-UCT  oCGlf_ .
Denote the multiplexed data and control coded bit sequence as g,,0;,9,, 93,194 -

Denote | as the OFDM symbol index of the scheduled PUSCH, starting from 0 to NJ/5G —1, where NI isthe

total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS.

Denote k asthe subcarrier index of the scheduled PUSCH, starting from O to M EUseH _1, where (Pt is expressed as
anumber of subcarriers.

Denote @’ asthe set of resource elements, in ascending order of indices k , available for transmission of datain
OFDM symbol |, for | =0,1,2,..., N?VSH 1.

symb,al —

Denote g u-s+ (|):‘¢IUL-SCH‘ asthe number of elementsin set @’ . Denote @5 (j) asthe j -th elementin

UL-SCH
IS
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Denote @, asthe set of resource elements, in ascending order of indices k , available for transmission of UCI in

OFDM symbol |, for | =0,1,2,...,N§ 2% —1. Denote p (1) =|@ye| asthe number of elements in set @’ . Denote

@’ () asthe j-thelementin @’ . For any OFDM symbol that carriers DMRS of the PUSCH, @, =& . For any
OFDM symbol that does not carry DMRS of the PUSCH, @’ = @~

If frequency hopping is configured for the PUSCH,

- denote | asthe OFDM symbol index of the first OFDM symbol after the first set of consecutive OFDM
symbol(s) carrying DMRS in the first hop;

- denote |® asthe OFDM symbol index of the first OFDM symbol after the first set of consecutive OFDM
symbol(s) carrying DMRS in the second hop.

- denote | @

¢y asthe OFDM symbol index of the first OFDM symbol that does not carry DMRS in the first hop;

- denote | @

¢y asthe OFDM symbol index of the first OFDM symbol that does not carry DMRS in the second hop;

- if HARQ-ACK ispresent for transmission on the PUSCH with UL-SCH or if both HARQ-ACK and CG-UCI
are present on the same PUSCH with UL-SCH, let

- M@ =N, -Q, [6**/(2-N, -Q,)|ad G**(@) =N, -Q, [6**/(2:N, -Q,)|:
- if CSl is present for transmission on the PUSCH with UL-SCH, let
-Gy - N, Q| (2N, -0, )|
U AR
- GeEREE) = N, .Q, |6 (2N, -Q,)); and
A PR
- if CG-UCI ispresent for transmission on the PUSCH with UL-SCH and without HARQ-ACK, let

GEU(L) = Ny~ Q- LGSO /(2 Ny - Q)] and G4V (2) = Ny - Q- TGV /(2= Ny - Q)]
- if only HARQ-ACK and CSl part 1 are present for transmission on the PUSCH without UL-SCH, let

- G*@=min(N_-Q,[G"*/(2N.-Q,) |, M;N.-Q,);
- GACK (2) — GACK _GACK (1) ’
" GEM=MN, Q-G () and
- GCS!—partl(z) — GCS!—panl _ GCSI—panl(l) :
- if HARQ-ACK, CSl part 1 and CSl part 2 are present for transmission on the PUSCH without UL-SCH, let
- G = min(NL .Qm.LGACK /(2-N, Qm)J , M N, Qm) ;
- GACK (2) — GACK _GACK (1) ,

- if the number of HARQ-ACK information bits is more than 2 or if both HARQ-ACK and CG-UCI are
present on the same PUSCH with UL-SCH,
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GO () = min(N, -Q, -|G=™/(2- N, -Q,)], M;N, -Q, —G**(1)); otherwise,
G (M) =min(N_-Q, [ ™™ /(2:N.-Q,) |, M N, -Q, -G ()

- GCS!-parll(z) — GCS!-panl _ GCSI-panl(l) ,

- G =M N, -Q, -G (1) if the number of HARQ-ACK information bitsis no more than 2, and
GO P(D) =M N, - Q, G ™ () -GP(1) otherwise; and

- GIPZ(2) =M ,;N, -Q, —GP(2) if the number of HARQ-ACK information bitsis no more than 2, and
GOP2(2) =M ,N, - Q, — G ™ (2) - G+ (2) otherwise;

if CG-UCI ispresent for transmission on the PUSCH with UL-SCH and without HARQ-ACK, let

- GEIPE(L) = min(N, - Q- LGSR/ (2 Ny - @)l My N, @ — GEOTYN(D) )

_ GCSI—partl(z) — GCSI—partl _ GCSI—partl(l).

_ GCSI—paTtZ(l) — Iw1 . NL . Qm _ GCG—UCI(l) _ GCSI—paTtl(l); and

_ GCSI—paTtZ(z) — M2 R NL . Qm _ GCG—UCI(z) _ GCSI—paTtl(z);

if only CSI part 1 and CSl part 2 are present for transmission on the PUSCH without UL-SCH, let
G (1) = min(N, Q| G™™/(2:NL-Qy) |, M N, Q=G (),

- GCS!-parll(z) — GCS!-panl _ GCSI-panl(l) ,

- GCS!—panZ(l) =M 1'NL . Qm _ GCS!—panl(l) : and

- GCSI-parlZ(Z) :M 2'NL . Qm _ GCSI-parll(z) ,

let N/VS* =2, and denote NPUSCH (1), NPYSCH (2) as the number of OFDM symbols of the PUSCH in the first

hop symb, hop symb, hop

and second hop, respectively;

N, isthe number of transmission layers of the PUSCH;

Q,, isthe modulation order of the PUSCH;

N actp (D1

M= > ML),

1=0 !

Narmb.nop (L NG p (2)-1

M, = > Mg (1)

1=NGopss (1)

NS (D-1
My= > Mg'(1)

1=1®

If frequency hopping is not configured for the PUSCH,

denote | asthe OFDM symbol index of the first OFDM symbol after the first set of consecutive OFDM
symbol(s) carrying DMRS;
denote | asthe OFDM symbol index of the first OFDM symbol that does not carry DMRS;

if HARQ-ACK is present for transmission on the PUSCH or if both HARQ-ACK and CG-UCI are present on the
same PUSCH with UL-SCH, let GA (1) = G,
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- if CSl is present for transmission on the PUSCH, let G©S-Pat(1) = GSS-Pt and GS-Pat2(1) = GOSPa2,

- if CG-UClI ispresent for transmission on the PUSCH without HARQ-ACK, let G¢6-UCI(1) = gC¢6-Uct.
- et N$$H =1and N;‘r’nﬁ';p(l) = N;Jnif;'f .

The multiplexed data and control coded bit sequence g,,0;,J,, J5,..., 94 1S obtained according to the following:

Step 1:
Set PV = VS for | =0,1,2,.., NI ~ 1

symbal

Set M-S (1) =[@P-| for 1 =0,1,2,..., N — 1

symball —

Set U = @V for | =0,1,2,... NFUSH _1;

symb,all
Set Mgm (|)=|&)|UCI| for | =0,1, 2,...,N;L,izf:5 -1

if the number of HARQ-ACK information bits to be transmitted on PUSCH is O, 1 or 2 bits and without CG-UCI

the number of reserved resource elements for potential HARQ-ACK transmission is calculated according to Clause
6.3.24.2.1, by setting O, =2;

denote G2 as the number of coded bits for potential HARQ-ACK transmission using the reserved resource
elements;

if frequency hopping is configured for the PUSCH, let GA% ()= N, -Q_ ~LG§§K /(2-N, -Qm)J and
G (=N Q, [G 1(2:N.-Q,) ]
if frequency hopping is not configured for the PUSCH, let GAS (1) = GASK;

denote @™ asthe set of reserved resource elements for potential HARQ-ACK transmission, in OFDM symboal |,
for 1 =0,1,2,..,Noe —1;

symb,al —
Set Mg (D) =0;
Set Mm% (2) =0

ount

M= for1=0,1,2,...,Ngp5 —1;

for i =1 to NEUSH

=10,
while (% (i) < G i)
it GL () - ()= M (1)-N,-Q,
d=1;

M =ML (1)
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end if

if Glg ()~ Mo () <M (1) N_-Q,

d=| M2 (1)-N,-Q,/(GLg* () -tk ) |

s, = (Gas () —mis ())/ (N, -Q,) | +
end if
for j=0to mp —1

(T)lrvd za)lrvd U{&)luL-SCH ( J d)}

rniﬁﬁt(')z oﬁﬁt(i)—i_NL'Qm;

end for
end if
I =1+1;
end while
end for
else
oM =@ for 1 =0,1,2,...,NJ 2% -1
end if
Denote M7 (1) =[@*| asthe number of elementsin &
Step 2:

ETSI TS 138 212 V16.7.0 (2021-10)

if HARQ-ACK ispresent for transmission on the PUSCH and the number of HARQ-ACK information bits is more than
2 or if both HARQ-ACK and CG-UCI are present on the same PUSCH with UL-SCH,

Set My () =0:
Set Mg (2) =0;
Set My =0;
for i =1to NUSH

| =10;

while (i) < G*(i)

if Mg (1)>0
if G*([) - () > M2 (1)-N, -Q,

d=1;
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M =ML (1)

end if
it G** () -k (i) <M (1)-N_-Q,
d=| My (1):N_-Q,/(G"** () -t ) |

M =/ (62 () - M )N, -Q,)]
end if
for j=0to My, —1

k=@ (j-d);

forv=0to N -Q, -1

ACK

gl kv ™ gnﬁoun(dl .

ount al — rr(:Aount aII

Mot (1) = M () + 15
end for

end for

D gy = Dp1ry U (j-d);
end for

@ @UC| \ @UC‘

Itrrp

a)lLJL-SCH ¢UL -SCH \ ¢|Ut?p

MUC' |q)u0||
M UL-SCH | ) — |&)|U|_SCH| :
end if
I =1+1,
end while

end for

end if
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Step 2A:
If CG-UCI is present for transmission on the PUSCH without HARQ-ACK,
Set Migunt” (1) = 0;
Set migun: (2) = 0;
Set mgimean = 0;
fori = 1to Ny
[ = l(i);
while m&&UCT (1) < GEE-UCl())
if MYS1(D) >0
if GOV () —mGi' (1) 2 Mg (D-N,. O,
d=1;
Megune = Msc™ ()
end if
if GOV @) = mGan' (1) < Mg (D). Ny O
d = |[ME' (DN Qn /(G (1) — mEGan D)];
mEE e = [(GEUC1 () —mEGaA D)/ (N, Q)]
end if
forj=0to mRE, ., —1
k=3P (j.d);
forv=0t0N;.Q,, — 1

G-UCI

8Lk —g cG-UcI ;
Mceount,all

mCG—UCI CG—UCIl + 1

count,all = mcount,al

mcounta(l) = mcountCI @ +1;

end for
end for
iy = 0

forj=0tomfE,,, —1
Pimp = Pllimp U @' (. d);

end for

ucr _ ucl ucr .
CD <I)l \chtmp'

UL-SCH _ sUL-SCH ucl .
CD CI) \q)ltmpv

MSUCCI(I) — |<T)lUCI|;

MSUCL—SCH(Z) — |CT)IUL_SCH|;
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end if
l=1+1;
end while
end for

end if

Step 3:

if CSl is present for transmission on the PUSCH,
Set Mg () =0;
Set g () =0;
Set mgear =0;
for i =1 to NFU™

=19 ;

csl

while M2 (1) -M2 ,(1)<0
I=1+1;

end while

while merP(i) < GESP(j)

it M2®(1)-M2 ,(1)>0

it GESP() —mEg P () 2 (M (1)
d=1;
M =M (1) =M (1)

end if

if GO (i) — mE P (i) < (Mg (1)

d=[ (M (1)-M2

e, =[G ) - mEE P @)I(N, Q)]

end if
O™ =\,
for j=0to My, —1

k=8 (]-d);

42

sc, rvd

sc, rvd

2w (1)) N-Q, /(G (i) -

ETSI
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forv=0to N -Q,-1

= _ ~CSl-partl.
gl,k,v - CSl-partl 1

Mhount all

CSl-partl CSl-partl .
P = P+l

rn:ountdl - rr1:our1tall

CSI-partl(i) — CSI-partl(i) +1,

ount ount
end for

end for
(T)UCI — @

1,tnp

for j=0to M, —1

Doy =Dy, UD™ (- d);
end for

&)|UCI — (T)|UC| \(T)UCI

I,tmp -
1

B = HNBE,

MUCI (|)=|&)|UC||;

M UL-SCH (I ) _ |&)UL-SCH| .
sc - | !
end if
[ =1+1;
end while
end for

Seat CSl-part2 (1) — O :

ount

Seat CSl »part2(2) — 0 :

ount

CSl-part2 __

Set Mgear =0
fori=1to NEOLF’JSCH

=18

while MY (1) <0
I=1+1;
end while

while mZP2(j) < GESP(j)

ount
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if G ™ @) =M™ (1)-N.-Q,

end if
it GO ) - SR 1) < MY (1) N, -Q,
d=[ M (1)-N_-Q,/(G=2() ~nf5*2() |
M =[G @ -mEF )N, -Q,)]
end if
for j=0to mr —1
k=81 (j-d);
forv=0to N, -Q,-1

CSl-part2.

Ghicw = Onme

CSl-part2 CSl-part2 .
P Pt 11

rn:ountall = rn:ountall
Mot (1) = Mg 2(1) +1;
end for
end for

P O

o=
for j=0to My, —1

3%, =15, UB (j-d);
end for
B =BG,
BT NG,

MY (1) =|@|;
MSL(J:L-SCH (| ) =|&)|U|_-SCH| :

end if

I=1+1;

end while
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end for

end if

Step 4:
if UL-SCH is present for transmission on the PUSCH,

UL-SCH 0
- )

rTISOU nt

for I =0to NJ25 -1
if M2 (1)>0
for j=0to MZ"5"(1)-1
=B (j);

forv=0to N, -Q,-1

_ UL-SCH -
Oikv = Guson
UL-SCH UL-SCH

Meount = Meount 1
end for
end for
end if
end for

end if

Step 5:

if HARQ-ACK is present for transmission on the PUSCH without CG-UCI and the number of HARQ-ACK information
bitsis no more than 2,

Set M () =0
Set m{n(2)=0;

Set Mgy =0
for i =1to N>
=10
while non (i) < GM" (i)
it M3 4(1)>0

if GACK(I) rTﬁEK(I)>Mscrvd() NL Qm
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end if

if G" ()= () <M o (1)-N_-Q,
d=| M2 oa(1)Ne-Qu/ (G () -t ) |
meE, =[ (6" @) -m NN, Q)] :

end if

for =010 M5, ~1
k=& (j-d);

forv=0to N -Q,-1

ACK

Ok = g”ﬁﬁﬁ«,m )

oﬁ:t,all = oirft,all +1;
ourt (1) = Ml (1) + 1
end for
end for
end if
I=1+1;
end while
end for
end if
Step 6:
Set t=0;

for =0to N33 -1
for j=0to MJ"5"(1)-1

K= (j);
forv=0to N -Q,-1

G =0y

t=t+1,;
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end for
end for

end for

6.3 Uplink control information

6.3.1 Uplink control information on PUCCH

The procedure in this clause applies to PUCCH formats 2/3/4.
6.3.1.1 UCI bit sequence generation

6.3.1.1.1 HARQ-ACK/SR only

If only HARQ-ACK bits are transmitted on a PUCCH, the UCI bit sequence a,, a,, a5, as,..., a4 isdetermined by

setting g =0 for i =0,1,..,0** —1 and A=0"", where the HARQ-ACK hit sequence 65, 5/™,....0/%%x

isgiven by Clause 9.1 of [5, TS38.213].

If only HARQ-ACK and SR bits are transmitted on a PUCCH, the UCI bit sequence ag,a,,a,, 8g,...,aa_1 IS

determined by setting a, =0 for i =0,1,...,0°* —1,a; = &, gack for i =0A* OAX +1,_.. 0** +OF —1, and

A=0"" + 0%, wherethe HARQ-ACK bit sequence 6, 6,"™,...,07:% | isgiven by Clause9.1 of [5, TS 38.213],
SR

and the SR bit sequence O -, 0} ,...,6§R_l isgiven by Clause 9.2.5.1 of [5, TS 38.213)].

6.3.1.1.2 CSl only

The bitwidth for PMI of codebookType=typel-SinglePanel with 2 CSI-RS portsis 2 for Rank=1 and 1 for Rank=2,
according to Clause 5.2.2.2.1in [6, TS 38.214].

The bitwidth for PMI of codebookType=typel-SnglePanel with more than 2 CSI-RS portsis provided in Tables
6.3.1.1.2-1, where the values of (N;,N,)and (O;,0,) aregiven by Clause5.2.2.2.1in[6, TS 38.214].

Table 6.3.1.1.2-1: PMI of codebookType=typel-SinglePanel

Information field X, for wideband
Information field X, for wideband PM!I PMI
or per subband PMI
(i12+112) . iy
codebookMode=1 codebookMode=2 codebookMode=1 | codebookMode=2
. ( |Og Nl 1
Rank = 1 with>2 (Dogz Nlol—‘ , 2 2 '
CSI-RS ports, N/A 2 4
N, >1 DOQZ Nzoz—l) | N,O,
09, )
2
Rank = 1 with >2 (| log, N,O, |,
CSI-RS ports, |10 NG, | (Pogz[ Nlolﬂ, 0 | NA 2 4
N,=1 Dogz Nzoz—l) 2
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Rank=2 with 4 log, N.O 1.
CSI-RS ports, ([og. N.O, | (Pogz[ ﬂ 1 1 3
N,=1 |_|ng N202—|)
Jm 2]
Rank=2 with >4 log, NO |, 2 '
CSI-RS ports, ([Tog, NG, | 2 2 1 3
N, >1 [log, N,O, ) [Iog ,0, W)
2
Rank=2 with >4 log, N.O, |,
CSI-RS ports, ([1og; NG, | (Pogz( 101ﬂ 0) 2 1 3
N, =1 [Iog2 N202—|)
Rank=3 or 4,
with 4 CSI-RS ([log, N,O, ].[log, N,O, ]) 0 1
ports
Rank=3 or 4,
with 8 or 12 CSI- ([log, N,O, ].[log, N,O, ]) 2 1
RS ports
Rank=3 or 4, N.O
with >=16 CSI- ([Iog2 - 1] [log, N,O, |) 2 1
RS ports
Rank=5 or 6 ([log, N,O, ].[log, N,O, ]) N/A 1
Rank=7 or 8,
Ny = 4N, =1 ({Iog2 w [log, N,O, |) N/A 1
Rank=7 or 8, N.,O
N, >2,N, =2 ([1og, Nlol—\:Png 22 zw) N/A 1
Rank=7 or 8,
with
N, >4,N, =1
o ([log, N,O,T,[10g, N,O, ) N/A 1
N; =2,N, =2o0r
N; >2,N, >2

The bitwidth for PMI of codebookType= typel-MultiPanel is provided in Tables 6.3.1.1.2-2, where the val ues of
(Ng.Ni,N, ) and (0;,0,) are given by Clause 5.2.2.2.2in[6, TS 38.214].

Table 6.3.1.1.2-2: PMI of codebookType= typel-MultiPanel

Information fields X, for wideband

Information fields X,

for wideband
or per subband

(il,l’ i1,2) |1’3

I1,4,1

I1,4,2

lbaz | T2 | loo | l21 | l22
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= i = ( IOg N,O '
Renk=1with Ny =2 [109: NO, | N/A NA | NA | 2 | NA | NA | N/A
codebookMode=1 [log, N,O, )
Rank=1 with Ng 4 ( 2 Ny 1—| N/A 9 9 > Inia | va | s
codebookMode=1 [log, N,O, )
Rank=2 with Ng =2, (|_Iog N O—|
NN, =2 e 1 NA | NIA | 1 | N/A | N/A | N/A
1%2 [log, N,O, )
codebookMode=1
Rank=3 or 4 with Ng=2, (|_|09 NO—|
NN. =2 T o N/A | NJA | 1 | N/A | N/A | N/A
1%2 [log, N,O, )
codebookMode=1
Rank=2 or 3 or 4 with Ng=2, (Dog NO—|
NN, > 2 2 2 N/A | NIA | 1 | N/A | N/A | NIA
12 [log, N,O, )
codebookMode=1
NN =2 2 1 2 | 2 | 1 |NA|NA|NA
12 [log, N,O, )
codebookMode=1
Rank=3 or 4 with Ng=4, (DOQ NO—|
NN, =2 2 0 2 | 2 | 1 |NA|NA|NA
12 [log, N,O, )
codebookMode=1
Rank=2 or 3 or 4 with Ng=4, (|_|09 NO—|
NN, > 2 S 2 | 2 | 1 |NA|NA|NA
1%2 [log, N,O, )
codebookMode=1
Rank=1 with Ng 2 ( 2 Ny 1—| N/A 9 NA | A |l 2 1 1
codebookMode=2 [log, N,O, )
Rank=2 with Ng =2, (|_Iog N O—|
2 11 |
_ 1 2 N/A | N/A 1 1 1
NN, =2 [log, N,O, )
codebookMode=2
Rank=3 or 4 with Ng=2, (|_|09 NO—|
NN. =2 T o 2 [ NA[NA| 1| 1|1
1%2 [log, N,O, )
codebookMode=2
Rank=2 or 3 or 4 with Ng=2, (Dog NO—|
2 11 |
2 2 N/A | N/A 1 1 1
codebookMode=2
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The bitwidth for PMI with 1 CSI-RS port is O.
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The bitwidth for RI/LI/CQI/CRI of codebookType=typel-SinglePanel is provided in Tables 6.3.1.1.2-3.

Table 6.3.1.1.2-3: RI, LI, CQI, and CRI of codebookType=typel-SinglePanel

Bitwidth
Field 1 antenna port 2 antenna 4 antenna >4 antenna ports
P ports ports Rank1~4 Rank5~8
Rank Indicator 0 min(L, |V| 09, Ny —|) min(2, |V|092 Mg —D ﬂng Na W |7|092 Ny —|
Layer Indicator 0 [log,v] min(2,[log,v]) | min(2[log,v]) | min(2]log,v])
Wide-band CQI for the
first TB 4 4 4 4 4
Wideband CQI for the
second TB 0 0 0 0 4
Subband differential CQI
for the first TB 2 2 2 2 2
Subband differential CQI
for the second TB 0 0 0 0 2
CRI [1og, (k£==)] | [1og,(K&5")[ | [log,(k==]] | [1og,(&> "] | [log, (k™ )]

Ng inTable 6.3.1.1.2-3 is the number of allowed rank indicator values according to Clause 5.2.2.2.1 [6, TS 38.214].

U isthe value of the rank. The value of K;: SRS s the number of CSI-RS resourcesin the corresponding resource Set.

The values of the rank indicator field are mapped to alowed rank indicator values with increasing order, where'0' is
mapped to the smallest allowed rank indicator val ue.

The bitwidth for RI/LI/CQI/CRI of codebookType= typel-MultiPanel is provided in Table 6.3.1.1.2-4.

Table 6.3.1.1.2-4: RI, LI, CQI, and CRI of codebookType=typel-MultiPanel

Field Bitwidth

Rank Indicator min(2,[log, N, )

Layer Indicator min(2,[log, v )
Wide-band CQI 4
Subband differential CQI 2
CRI [log, (ke==<]]
where n,, isthe number of allowed rank indicator values according to Clause 5.2.2.2.2 [6, TS 38.214], U isthevalue

of the rank, and K;: SRS s the number of CSI-RS resourcesin the corresponding resource set. The values of the rank

indicator field are mapped to alowed rank indicator values with increasing order, where '0" is mapped to the smallest
allowed rank indicator value.

The bitwidth for RI/LI/CQI of codebookType= typell or codebookType=typell-PortSelection is provided in Table
6.3.1.1.2-5.
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Table 6.3.1.1.2-5: RI, LI, and CQI of codebookType=typell or typell-PortSelection

where n,, isthe number of allowed rank indicator values according to Clauses 5.2.2.2.3 and 5.2.2.2.4 [6, TS 38.214]
and U isthe value of the rank. The values of the rank indicator field are mapped to allowed rank indicator values with
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Field

Bitwidth
Rank Indicator min(L]l1og, ng, |)
Layer Indicator min(2[log, v])
Wide-band CQI 4
Subband differential CQI 2

Indicator of the number of non-zero
wideband amplitude coefficients M, for layer |

|—| 09, (ZL _1)-|

increasing order, where '0' is mapped to the smallest allowed rank indicator value.

The bitwidth for CRI, SSBRI, RSRP, and differential RSRP are provided in Table 6.3.1.1.2-6.

CSI-RS
where K

Table 6.3.1.1.2-6: CRI, SSBRI, and RSRP

Field Bitwidth
CRI [tog, (ke™J]
log (k=]
RSRP 7
Differential RSRP 4

is the number of CSI-RS resources in the corresponding resource set, and KSSSB is the configured

number of SS/PBCH blocks in the corresponding resource set for reporting 'ssb-1ndex-RSRP'.

The bitwidth for CRI, SSBRI, SINR, and differential SINR are provided in Table 6.3.1.1.2-6A.

where K&57-RS s the number of CSI-RS resources in the corresponding resource set, and K558 is the configured number

Table 6.3.1.1.2-6A: CRI, SSBRI, and SINR

Field Bitwidth
CRI [log, (KEST-R9)]
SSBRI [log, (K55B)]
SINR 7
Differential SINR 4

of SS/IPBCH blocks in the corresponding resource set for reporting 'ssb-Index-SINR'.
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Table 6.3.1.1.2-7: Mapping order of CSl fields of one CSl report, pmi-Formatindicator=widebandPMI
and cqi-Formatindicator=widebandCQI

CSl report q
number CSl fields
CRIl as in Tables 6.3.1.1.2-3/4, if reported
Rank Indicator as in Tables 6.3.1.1.2-3/4, if reported
Layer Indicator as in Tables 6.3.1.1.2-3/4, if reported
Zero padding bits Oy, if needed
CSl report #n PMI wideband information fields Xl, from left to right as in Tables 6.3.1.1.2-1/2, if reported

PMI wideband information fields Xz, from left to right as in Tables 6.3.1.1.2-1/2, or codebook

index for 2 antenna ports according to Clause 5.2.2.2.1 in [6, TS38.214], if reported
Wideband CQI for the first TB as in Tables 6.3.1.1.2-3/4, if reported
Wideband CQI for the second TB as in Tables 6.3.1.1.2-3/4, if reported

The number of zero padding bits 0, in Table 6.3.1.1.2-7 is0 for 1 CSI-RS port and O = N5 = Nygoneq fOr more than
1 CSI-RS port, where

N, = Max B(r)

reSkak

and S, istheset of rank values  that are allowed to be reported;

- Nigoe = B(R), where g isthe reported rank;

- For 2 CSI-RS ports, B(r) =Ny, (r)+ Neg, (r)+ N, (r);

- For morethan 2 CSI-RS ports, B(r)= Npya(r)+ Neyio(r) + Nch(r)+ N, (r);

- if PMlisreported, N, (1)=2 and N, (2)=1; otherwise, N,,, (r)=0;

- if PMI j1 isreported, Npy,;(r) is obtained according to Tables 6.3.1.1.2-1/2; otherwise, Npy,;1(r)=0;
- if PMI j5 isreported, Npy,;,(r) isobtained according to Tables 6.3.1.1.2-1/2; otherwise, Npy,,(r)=0;
- if CQl isreported, Neg (1) isobtained according to Tables 6.3.1.1.2-3/4; otherwise, Ny, (r)=0;

- if Llisreported, N, (r) isobtained according to Tables 6.3.1.1.2-3/4; otherwise, N, (r)=0-

Table 6.3.1.1.2-8: Mapping order of CSl fields of one report for CRI/RSRP or SSBRI/RSRP reporting

CSl report :
numt?er CSil fields
CRI or SSBRI #1 as in Table 6.3.1.1.2-6, if reported
CRI or SSBRI #2 as in Table 6.3.1.1.2-6, if reported
CRI or SSBRI #3 as in Table 6.3.1.1.2-6, if reported
CRI or SSBRI #4 as in Table 6.3.1.1.2-6, if reported

RSRP #1 as in Table 6.3.1.1.2-6, if reported

Differential RSRP #2 as in Table 6.3.1.1.2-6, if reported

Differential RSRP #3 as in Table 6.3.1.1.2-6, if reported

Differential RSRP #4 as in Table 6.3.1.1.2-6, if reported

CSl report #n

ETSI



3GPP TS 38.212 version 16.7.0 Release 16 53 ETSI TS 138 212 V16.7.0 (2021-10)

Table 6.3.1.1.2-8A: Mapping order of CSl fields of one report for CRI/SINR or SSBRI/SINR reporting

CSl report

number CSl fields

CRI or SSBRI #1 as in Table 6.3.1.1.2-6A, if reported
CRI or SSBRI #2 as in Table 6.3.1.1.2-6A, if reported
CRI or SSBRI #3 as in Table 6.3.1.1.2-6A, if reported
CRI or SSBRI #4 as in Table 6.3.1.1.2-6A, if reported
SINR #1 as in Table 6.3.1.1.2-6A, if reported
Differential SINR #2 as in Table 6.3.1.1.2-6A, if reported
Differential SINR #3 as in Table 6.3.1.1.2-6A, if reported
Differential SINR #4 as in Table 6.3.1.1.2-6A, if reported

CSl report #n

Table 6.3.1.1.2-9: Mapping order of CSl fields of one CSl report, CSl part 1, pmi-Formatindicator=
subbandPMI or cqi-Formatindicator=subbandCQI

CSl report number CsSil fields

CRIl as in Tables 6.3.1.1.2-3/4, if reported
Rank Indicator as in Tables 6.3.1.1.2-3/4/5, if reported
Wideband CQlI for the first TB as in Tables 6.3.1.1.2-3/4/5, if reported
Subband differential CQI for the first TB with increasing order of subband number as in
Tables 6.3.1.1.2-3/4/5, if reported
CSl report #n

CSl part 1 Indicator of the number of non-zero wideband amplitude coefficients M, for layer 0 as in
Table 6.3.1.1.2-5, if reported

Indicator of the number of non-zero wideband amplitude coefficients M, for layer 1 as in Table
6.3.1.1.2-5 (if the rank according to the reported Rl is equal to one, this field is set to all

zeros), if 2-layer PMI reporting is allowed according to the rank restriction in Clauses 5.2.2.2.3

and 5.2.2.2.4 [6, TS 38.214] and if reported
Note: Subbands for given CSI report n indicated by the higher layer parameter csi-ReportingBand are numbered
continuously in the increasing order with the lowest subband of csi-ReportingBand as subband 0.

Table 6.3.1.1.2-10: Mapping order of CSl fields of one CSl report, CSI part 2 wideband, pmi-
Formatindicator= subbandPMI or cqgi-Formatindicator=subbandCQI

CSl report .
number CsSl fields
Wideband CQI for the second TB as in Tables 6.3.1.1.2-3/4/5, if present and reported
Layer Indicator as in Tables 6.3.1.1.2-3/4/5, if reported
C?Srlepmt;n PMI wideband information fields X, , from left to right as in Tables 6.3.1.1.2-1/2, if reported
part
wideband PMI wideband information fields Xz, from left to right as in Tables 6.3.1.1.2-1/2, or codebook
index for 2 antenna ports according to Clause 5.2.2.2.1 in [6, TS38.214], if pmi-
Formatlndicator= widebandPMI and if reported
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Table 6.3.1.1.2-11: Mapping order of CSl fields of one CSI report, CSI part 2 subband, pmi-
Formatindicator= subbandPMI or cqgi-Formatindicator=subbandCQI

Subband differential CQI for the second TB of all even subbands with increasing order of
subband number, as in Tables 6.3.1.1.2-3/4/5, if cqi-Formatindicator=subbandCQI and if reported

PMI subband information fields X2 of all even subbands with increasing order of subband
number, from left to right as in Tables 6.3.1.1.2-1/2, or codebook index for 2 antenna ports
according to Clause 5.2.2.2.1 in [6, TS38.214] of all even subbands with increasing order of
CSl report #n subband number, if pmi-Formatindicator= subbandPMI and if reported

Part 2 subband | Subband differential CQI for the second TB of all odd subbands with increasing order of subband
number, as in Tables 6.3.1.1.2-3/4/5, if cqi-Formatindicator=subbandCQI and if reported

PMI subband information fields X, of all odd subbands with increasing order of subband

number, from left to right as in Tables 6.3.1.1.2-1/2, or codebook index for 2 antenna ports

according to Clause 5.2.2.2.1 in [6, TS38.214] of all odd subbands with increasing order of
subband number, if pmi-Formatindicator= subbandPMI and if reported

Note: Subbands for given CSI report n indicated by the higher layer parameter csi-ReportingBand are numbered
continuously in the increasing order with the lowest subband of csi-ReportingBand as subband O.

If none of the CSI reports for transmission on a PUCCH is of two parts, the CSl fields of all CSl reports, in the order
from upper part to lower part in Table 6.3.1.1.2-12, are mapped to the UCI bit sequence a,,ay,a,, as,..., a4 Starting

with &;. 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 &,.

Table 6.3.1.1.2-12: Mapping order of CSl reports to UCI bit sequence a,,a;,a,,as,...,854, Without two-
part CSl report(s)

UCI bit sequence CSl report number

CSl report #1
as in Table 6.3.1.1.2-7/8

CSl report #2
as in Table 6.3.1.1.2-7/8

e

CSl report #n
as in Table 6.3.1.1.2-7/8

)I>QJ
IR

If at least one of the CSl reports for transmission on a PUCCH is of two parts, two UCI bit sequences are generated,
a((,l),ai(l),agl),aél),...,afi)l,fl and af? ,a1<2>,ag),a;z),,,,,agg)fl. The CSl fields of all CSl reports, in the order from upper
part to lower part in Table 6.3.1.1.2-13, are mapped to the UCI bit sequence al’,a®,a" ,af’ ,,,,,a;l()l)il starting with
al . 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 thefirst field is mapped toa{” . The CSl fields of al CSl reports, in the order from upper part to lower
part in Table 6.3.1.1.2-14, are mapped to the UCI bit sequence a?,a{?,a{”,a{? ....a?, | starting with af . 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(? . If the length of UCI bit sequence &”,a(?,a5”,af?,...,8%%), , islessthan 3 bits, zeros
shall be appended to the UCI bit sequence until its length equals 3.
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Table 6.3.1.1.2-13: Mapping order of CSI reports to UCI bit sequence a® a® a®,a®,....a%

el

with two-part CSl report(s)

UCI bit sequence CSl report number

CSl report #1 if CSI report #1 is not of two parts, or
ac(]1) CSl report #1, CSl part 1, if CSI report #1 is of two parts,
as in Table 6.3.1.1.2-7/8/9

ai(l) CSil report #2 if CSI report #2 is not of two parts, or
o) CSl report #2, CSl part 1, if CSI report #2 is of two parts,
% as in Table 6.3.1.1.2-7/8/9
1
aé)
a® CSl report #n if CSI report #n is not of two parts, or

AD 1 CSl report #n, CSl part 1, if CSI report #n is of two parts,
as in Table 6.3.1.1.2-7/8/9

where CS| report #1, CSl report #2, ..., CSl report #n in Table 6.3.1.1.2-13 correspond to the CSI reportsin increasing
order of CSl report priority values according to Clause 5.2.5 of [6, TS38.214].

Table 6.3.1.1.2-14: Mapping order of CSl reports to UCI bit sequence a®,a®,a?,al?,....a?

AP’

with two-part CSl report(s)

UCI bit sequence CSl report number

CSl report #1, CSI part 2 wideband, as in Table 6.3.1.1.2-10
if CSI part 2 exists for CSl report #1

CSl report #2, CSl part 2 wideband, as in Table 6.3.1.1.2-10
if CSl part 2 exists for CSI report #2

(2)

8
af?
CSl report #n, CSlI part 2 wideband, as in Table 6.3.1.1.2-10
al? if CSI part 2 exists for CSI report #n
al? CSl report #1, CSI part 2 subband, as in Table 6.3.1.1.2-11
. if CSI part 2 exists for CSl report #1
a(fl) CSl report #2, CSl part 2 subband, as in Table 6.3.1.1.2-11
A -1

if CSl part 2 exists for CSI report #2

CSil report #n, CSI part 2 subband, as in Table 6.3.1.1.2-11
if CSl part 2 exists for CSl report #n

where CSl report #1, CSl report #2, ..., CSl report #nin Table 6.3.1.1.2-14 correspond to the CSI reports in increasing
order of CSI report priority values according to Clause 5.2.5 of [6, TS38.214].

6.3.1.1.3 HARQ-ACK/SR and CSI

If none of the CSl reports for transmission on a PUCCH is of two parts, the UCI bit sequence a,, 8, a,,as,...,85_1 IS
generated according to the following, where A= 0" + O + 0% :

- if thereisHARQ-ACK for transmission on the PUCCH, the HARQ-ACK bits are mapped to the UCI bit
SeqUENCE &), 8,,8,,8;,..., &, Where g =g for i =0,1,..., 0" -1, the HARQ-ACK bit sequence

~ACK ~ACK ~ACK

O 0,0 ek, IS given by Clause 9.1 of [5, TS38.213], and O* is number of HARQ-ACK bits; if there
isno HARQ-ACK for transmission on the PUCCH, set 0A%K — Q;
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- if thereis SR for transmission on the PUCCH, set a; = 0 gac for i =0** OA% 11, 0** + O —1,

where the SR bit sequence G, 0y »....0 5, isgiven by Clause 9.25.1 of [5, TS38.213]; if there isno SR

for transmission on the PUCCH, set oSR = (;

- the CSl fields of al CSI reports, in the order from upper part to lower part in Table 6.3.1.1.2-12, are mapped to
the UCI bit sequence a_,q a a starting with a_,e, « » Where O isthe

OACK LOSR 417"V FOAK LoR 10O 1
number of CSI hits.

+OR?

If at least one of the CSl reports for transmission on a PUCCH is of two parts, two UCI bit sequences are generated,

M 4@ 40 5O o) (@ 4@ 40 4@ @) i i
a5 a8 ,85 e @0 and a;”,a”,a;,”,a; ,,,,,aA(ZLl,accordmgtothefollowmg, where

AD = OAK L OR L OCSPatl gnd A@ = QFS-Pat2:

- if thereisHARQ-ACK for transmission on the PUCCH, the HARQ-ACK bits are mapped to the UCI bit
sequence al’,a,al”,ay’ ..., al_,, where a® =5 for i =0,1,...,0* —1, the HARQ-ACK bit sequence
0y, 0/"%,...,00% _, isgiven by Clause 9.1 of [5, TS38.213], and 0 is number of HARQ-ACK bits; if there
isno HARQ-ACK for transmission on the PUCCH, set 0A%K — Q;

- if thereis SR for transmission on the PUCCH, set a; = 0 gac for i =0** OA% 11, 0** + O —1,

where the SR bit sequence G, 0y »...,.0 5, isgiven by Clause 9.25.1 of [5, TS 38.213]; if there isno SR

for transmission on the PUCCH, set oSR = (;

- the CSl fields of al CSI reports, in the order from upper part to lower part in Table 6.3.1.1.2-13, are mapped to
the UCI bit sequence a® a0 a® starting with a8, «, where Ot jsthe

OACK +OSR i) +OSR+1 LR | OACK +OSR +OCS|rpanl_l

number of CSI bitsin CSI part 1 of al CSl reports;

- the CSl fields of al CSI reports, in the order from upper part to lower part in Table 6.3.1.1.2-14, are mapped to
the UCI bit sequence a?,a(”,af? a? ..,al? | startingwith a{?, where O™ isthe number of CSI bitsin

CSl part 2 of al CSl reports. If the length of UCI bit sequence a?,a?,a{?,a8?,... a?)

L2, I1slessthan 3 bits,

zeros shall be appended to the UCI bit sequence until its length equals 3.
6.3.1.2 Code block segmentation and CRC attachment
The UCI bit sequence from clause 6.3.1.1 isdenoted by a,,a,,a,,3a3,...,a,_1, Where A isthe payload size. The
procedurein 6.3.1.2.1 appliesfor A>12 and the procedure in Clause 6.3.1.2.2 appliesfor A<11.
6.3.1.2.1 UCI encoded by Polar code

If the payload size A>12, code block segmentation and CRC attachment is performed according to Clause 5.2.1. If
(A>360 and E>1088) orif A>1013, | « =1; Otherwise | =0, where E isthe rate matching output sequence

length as given in Clause 6.3.1.4.1.

If 12< A<19, the parity bits p,,, p,1, pr»
generator polynomia g..,(D) in Clause 5.1, resulting in the sequence Cq, C;1,C;2, Crge Cr(k

Pr(L-1) in Clause 5.2.1 are computed by setting L to 6 bits and using the

1) Where I isthe code

=

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

If A> 20, the parity bits p,q, pry, prs.-m.. Pr(L) N Clause 5.2.1 are computed by setting L to 11 bits and using the

generator polynomia g ..,,(D) in Clause 5.1, resulting in the sequence C;q, C;1,C2, 3y Cr (k, 1) Where I' isthe

r=

code block number and K, isthe number of bits for code block number I .
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6.3.1.2.2 UCI encoded by channel coding of small block lengths
If the payload size A<11, CRC bits are not attached.

The output bit sequence is denoted by ¢,,¢;,C;,Cs,...,Cx 5, Where ¢ =g for i=0,1..,A-1and K =A.

6.3.1.3 Channel coding of UCI

6.3.1.3.1 UCI encoded by Polar code

Information bits are delivered to the channel coding block. They are denoted by C;¢,C1,C,2,Cr3--,Cr(k, 1) » Where I
is the code block number, and K, isthe number of bitsin code block number 1 . The total number of code blocksis
denoted by C and each code block isindividually encoded by the following:

If 18< K, <25, theinformation bits are encoded via Polar coding according to Clause 5.3.1, by setting n_, =10,

I, =0, N =3, Nt =1if E, K, +3>192 and n;d =0 if E, — K, +3<192, where E, isthe rate matching
output sequence length as given in Clause 6.3.1.4.1.

If K, > 30, theinformation bits are encoded via Polar coding according to Clause 5.3.1, by setting n_, =10, |, =0,

Nee =0, and N =0.

After encoding the bits are denoted by d ,,d ,,d,,,d,,,...,d
number I .

(N where N, isthe number of coded bitsin code block
6.3.1.3.2 UCI encoded by channel coding of small block lengths

Information bits are delivered to the channel coding block. They are denoted by c,,c;,C,,Cs,...,Ck_1, Where K isthe
number of bits.

Theinformation bits are encoded according to Clause 5.3.3.

After encoding the bits are denoted by d,,d,,d,,d,,...,d,_,» Where N isthe number of coded bits.

6.3.1.4 Rate matching

For PUCCH formats 2/3/4, the total rate matching output sequence length E

N;ﬁ%'g , N;‘fn%%'*g; and N;‘fn‘;i,'*c",‘ are the number of symbols carrying UCI for PUCCH formats 2/3/4 respectively;

isgiven by Table 6.3.1.4-1, where

tot

N2 and Nfss 2 are the number of PRBs that are determined by the UE for PUCCH formats 2/3 transmission

respectively according to Clause 9.2 of [5, TS38.213]; and N;‘,’ ez, N;‘,’ CCH3

for PUCCH format 2, PUCCH format 3, and PUCCH format 4, respectively.

,and N2Y°* are the spreading factors

Table 6.3.1.4-1: Total rate matching output sequence length E

tot

Modulation order
PUCCH format OPSK ~7-BPSK
PUCCH format 2 16 Noooeta - Nogg o 2 /Neg - N/A
PUCCH format 3 24 - NESOUS - Nogg % /NG ©O 12 NEVSEUS - Npg o /Ngg ©C°
PUCCH format 4 24- NJ oO8 TNG 12 NFUSeHs | FuccHa
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6.3.1.4.1

Theinput bit sequence to rate matchingis d ,d,,,d,,,d,,,...
number of coded bitsin code block number .

Table 6.3.1.4.1-1: Rate matching output sequence length E
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UCI encoded by Polar code

,d, () Where I isthe code block number, and N, isthe

ucl

UCI(s) for
transmission on a | UCI for encoding Value of E
PUCCH

HARQ-ACK HARQ-ACK Eyq = Eu

HARQ-ACK, SR HARQ-ACK, SR Eug = Eyy

CSl _

(CSI not of two parts) csi Eia = B

HARQ-ACK, CSI _

(CSI not of two parts) HARQ-ACK, CSI Eua = B

HARQ-ACK, SR, CSI HARQ-ACK, SR, E -E

(CSlI not of two parts) | CSI uel tot

csl CSlpart 1 Eua = min(EtowRocs'_pam + L)/ RiG /Qm—"Qm )

(CS! of two parts) CSlpart 2 Eyq = Eo —min(Eg.| (05" + L)/R™/Q, | Q. )
HARQ-ACK, CSI ACK CSl-partl

HARQ-ACK, CSI part 1 Eug =mi n( tot"r(o +OP 4 L)/ RUCI 1Qn —‘ )

(CSI of two parts) CSl part 2 E,. =E,-mi n( tm”'(OA(:K 4 QCSpatL | L)/ R™ /Q_ —‘ Q. )
HARQ-ACK, SR, . ACK SR CSl-partl

HARQ-ACK, SR, CSI | Csl part 1 Eue = mm( tot”r( +OS + 0% 4 L)/ RIZ/Q, Q. )

(CSI of two parts) CSl part 2 E,g = E, —mi n(EtOt”'(OACK +OR £ OSSPty | /RUCI Q. —‘ Q. )

Rate matching is performed according to Clause 5.4.1 by setting |, =1 and the rate matching output sequence length
to E, = LEuq ICLq J , Where C,, isthe number of code blocks for UCI determined according to Clause 6.3.1.2.1 and

thevalueof E

ucl

isgiven by Table6.3.1.4.1-1.

- O isthe number of bits for HARQ-ACK for transmission on the current PUCCH;

- O isthe number of bits for SR for transmission on the current PUCCH:

- 0% jsthe number of bits for CSl part 1 for transmission on the current PUCCH;

- Q%P2 jsthe number of bits for CSI part 2 for transmission on the current PUCCH;

- if A>360, L=11; otherwise, L isthe number of CRC bits determined according to clause 6.3.1.2.1, where A

equals O™ for "CSl (CSI of two parts)”, equals O*"

+0% Pt for "HARQ-ACK, CSI (CSl of two parts)”,

and equals O** + O + O™ for "HARQ-ACK, SR, CSI (CSI of two parts)" respectively in Table

6.3.1.4.1-1;;

IOI

The output bit sequence after rate matching isdenotedas f _ f  f f

isgiven by Table 6.3.1.4-1.

output sequence in code block number T .

6.3.1.4.2

The input bit sequence to rate matching is d,,d,,d,,...,d

RI& isthe configured maximum PUCCH coding rate;

where E, isthelength of rate matching

r0r Trly Tr20t Tr(E A1)

UCI encoded by channel coding of small block lengths

N-1°
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Thevaueof E, . isdetermined accordingto Table 6.3.1.4.1-1 by setting L =0.

ucl

Rate matching is performed according to Clause 5.4.3 by setting the rate matching output sequence length E = E,, -

The output bit sequence after rate matching is denoted as f

o Fis Ty Fes

6.3.1.5 Code block concatenation

The input bit sequence for the code block concatenation block are the sequences f

o f fre oy forr=0..,C-1

roy "r1r Tr290tty Tr(

and where E, isthe number of rate matched bits for the r -th code block.
Code block concatenation is performed according to Clause 5.5.

The bits after code block concatenation are denoted by g, g, d, . Js.-rrs gy » Where G'=[Euc /Cuci ] Cuer with the

valuesof E . and C  giveninClause6.3.1.4.1. Let G be the total number of coded bits for transmission and

G =G+mod(E, ,Cyg )- Set g, =0 for i =G',G'+1,...,G-1.

6.3.1.6 Multiplexing of coded UCI bits to PUCCH

If CSl of two parts are transmitted on a PUCCH, the coded bits corresponding to UCI bit sequence
al,a?,aP,af,...ad,  isdenotedby gi,g%, 9P, 0f’.....g%,  and the coded bits corresponding to UCI bit

sequence af? ,a?,a?,a?,...,a?,  isdenoted by gi?,9{, 9P, 0?.....g%% , - The coded bit sequence
00,91, 95, 0., 04 » Where G=G® + G, is generated according to the following.

Table 6.3.1.6-1: PUCCH DMRS and UCI symbols

Number of UCI n .

(symbols) symbol indices sets NLSJ%I indices set Sjg, indices set Sj¢ indices set S,

4 {1} 2 {0,2} {3} -

4 {0,2} 1 {1,3} ; -

5 {0, 3} 1 {1,2,4} - -

6 {1, 4} 1 {0, 2,3, 5} - -

7 {1, 4} 2 {0, 2, 3,5} {6} -

8 {1, 5} 2 {0, 2, 4, 6} {3, 7} -

9 {1, 6} 2 {0,2,5,7} {3.4, 8} -

10 {2, 7} 2 {1, 3,6, 8} {0, 4,5, 9} -

10 {1, 3,6, 8} 1 {0,2,4,5,7,9} - -

11 {2, 7} 3 {1,3,6,8} {0,4,5,9} {10}

11 {1,3,6,9} 1 {0,2,4,5,7,8,10} - -

12 {2, 8} 3 {1,3,7,9} {0,4,6,10} {5, 11}

12 {1,4,7,10} 1 {0,2,3,5,6,8,9,11} - -

13 {2, 9} 3 {1,3,8,10} {0,4,7,11} {5,6,12}

13 {1,4,7,11} 2 {0,2,3,5,6,8,10,12} {9} -

14 {3, 10} 3 {2,4,9,11} {1,5,8,12} {0,6,7,13}

14 {1,5,8,12} 2 {0,2,4,6,7,9,11,13} {3, 10} -

Denote § as UCI OFDM symbol index. Denote N, asthe number of elementsin UCI symbol indices set S, for
i=1..,N5 , where SU) and N, are given by Table 6.3.1.6-1 according to the PUCCH duration and the PUCCH

set
NUCI

DMRS configuration. Denote NFUCCH. — Z N{), asthe number of OFDM symbols carrying UCI in the PUCCH.

symb,UCI —
i=1

Denote Q,, as the modulation order of the PUCCH.
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For PUCCH format 3, set Ngi™™ = 12 - Ny ™3 /Ngy “™* , where NFYSH3 iis the number of PRBS that is determined

by the UE for PUCCH format 3 transmission according to Clause 9.2 of [5, TS 38.213], and N¢ ““" is the spreading
factor for PUCCH format 3 [4, TS 38.211].

For PUCCH format 4, set NJZ™ =12/ N&°***, where NV 4 is the spreading factor for PUCCH format 4.

i
Find the smallest j > 0 such that [Z Nﬂ)mj' NSO .Q >GW.

UcCl
i=1
Set n =0;
Set n, =0;

Set Nl?,cr?bd = KG@ _[i NS)uj' Nl?g;ml 'Qmj/(NEJj(%I 'Qm)J;

i=1

-1 .
et mc{[e (S o /Qm,Nag]:
i=1

for I =0 to N 53¢ —1

it geUsl,
i=1

for k=0 to N¥™ _1

UcCl

forv=0toQ, -1

H —_ 0.
Jxv =0

n=n+1;
end for

end for
dsaif §e S
if M>0
y =1,
else
y=0;
end if
M=M-1,
for k=0to N 1 1

UcCl
forv=0toQ, -1

5 —AD.
Gkv=0n
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n=n+1;
end for

end for
for k= NJZ™ +y to N3I™ -1

forv=0toQ, -1

Oy = gr(:) ;
n,=n,+1;
end for
end for
else

for k=0 to Nf}f(’:‘l""" -1

forv=0toQ, -1

Oixy = grf) ;
n,=n,+1;
end for
end for
end if
end for
Set n=0

PUCCH,
for 1 =0 to Ny ¢ —1

for k=0 to Nf}’c”l‘b"' -1

forv=0toQ, -1

90 =01y
n=n+1;
end for
end for

end for

ETSI
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6.3.2 Uplink control information on PUSCH
6.3.2.1 UCI bit sequence generation

6.3.2.1.1 HARQ-ACK

If HARQ-ACK bits are transmitted on a PUSCH, the UCI bit sequence a,, a;, a5, as,..., a4 iSdetermined as follows:
- If UCI istransmitted on PUSCH without UL-SCH and the UCI includes CSI part 1 without CS| part 2,

- if thereisno HARQ-ACK bit given by Clause 9.1 of [5, TS38.213], set a, = 0, a=0,and p=2;

- if thereisonly one HARQ-ACK bit GOACK given by Clause 9.1 of [5, TS 38.213], set @, = GOACK = 0,
and A=2;
- otherwise, set & =0 for i =0,1,...,0"™ —Land A= 0", where the HARQ-ACK bit sequence
0y, 0/'%,...,00%& _, isgiven by Clause 9.1 of [5, TS 38.213].

6.3.2.1.2 CSl

The bitwidth for PMI of codebookType=typel-SinglePanel and codebookType=typel-MultiPanel is specified in Clause
6.3.1.1.2.

The bitwidth for RI/LI/CQI/CRI of codebookType=typel-SnglePanel and codebookType=typel-MultiPanel is specified
in Clause 6.3.1.1.2.

The bitwidth for PMI of codebookType=typell is provided in Tables 6.3.2.1.2-1, where the values of (Nl, N2) ,
(0L05), L, Ny » M;, M,, and K'? are given by Clause 5.2.2.2.3in[6, TS 38.214].

Table 6.3.2.1.2-1: PMI of codebookType= typell

Information filds X, for wideband PMI Information fields X, for;:;(?eband PMI or per subband
il.l i1,2 i1,3,1 i1,4,1 i1,3,2 i1,4,2 i2,1,1 i2,1,2 i2,2,1 i2,2,2
Rank=1
seAmp||19%:(00)] (Iogz[NlLNzﬂ [log,(2L)]32L-1) N/A | N/A | (M,=1)-log Ne N/A N/A N/A
off
Rank=2
SBAmp “092(0102)—‘ ’Vlo%[NlLNzﬂ |—|ng(2|-)} :XZL_]-) Dng(ZLﬂ :XZL_]- (Ml_l)'mgz Nesq (Mz _1)'|Oge Nosc N/A N/A
off
Rank=1 N min(M,,K®)-10g, Nog
ssampl10%(0.0:)] Pogz[ Lﬂ [log,(2L)1[32L-1) N/A | N/A | -log N N/A minv, k@)-1]  N/A
mp +2-(M, —min(M,,K®))
on 1 i
Rank=2 NN min(Ml,K‘z’)«Iog2 Nesq min(Mz,K(z))»Iog2 N
SBAM [log,(0,0,)] Pog{ ! ﬂ [log,(2L)]|32L-1)|[l0g,(2L)]|32L—1] ~log, Nesc —10g, Ny in(M,K@)—1| min{M,,K@)-1
o P 2 (M, —min(M, K@) |+ 2. (M, - min(M,, k@)

The bitwidth for PMI of codebookType=typell-r16is provided in Tables 6.3.2.1.2-1A, where the values of (N;, N,),
(04,0,), L, KN*, Ny, and {M,},-, _, aregiven by Clause 5.2.2.2.5in[6, TS 38.214].
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Table 6.3.2.1.2-1A: PMI of codebookType=typell-r16

Information fields X,

i11 i12 l1,81 i1,82 i183 l1,84
Rank=1 [log,(0,0,)] [logz (NlLNZ)] [log, KVZ] N/A N/A N/A
N; <19
Rank=2 [log,(0,0,)] [logz (NlLNZ)] [log,(2L)] [log,(2L)] N/A N/A
N; <19
Rank=3 [log,(0102)] [logz (NlLNZ)] [log,(2L)] [log,(2L)] [log,(2L)] N/A
N; <19
Rank=4 [log2(0,02)] [10g2 (NILNZ)] [log,(2L)] [log,(2L)] [log,(2L)] [log,(2L)]
N; <19
Rank=1 [log,(0,0)] [logz (NlLNZ)] [log, KN N/A N/A N/A
N; > 19
Rank=2 [log,(0,0)] [logz (NlLNZ)] [log, (2L)] [log,(2L)] N/A N/A
N; > 19
Rank=3 [log,(0102)] [logz (NlLNZ)] [log,(2L)] [log,(2L)] [log,(2L)] N/A
N; > 19
Rank=4 [log,(0102)] [logz (NlLNZ)] [log,(2L)] [log,(2L)] [log,(2L)] [log,(2L)]
N; > 19
Information fields X,
231 {232 i2,3,3 i2,3,4 il,S 161 i1,6,2 163 i1,6,4 {i2,4,L}l=1, " {i2,5,1}1=1, " {i1,7,L}l=1, "
Rank= | 4 NA [N | N[ NA [ log, (N2 = T\ | VA N/A N/A 3(kVZ 4(KV 2LM,
1 A |a 082 (M1 - 1)] -1 -1
N3
<19
Rank= | 4 4 NS NG| NA N;—1 N;—1\]| NA N/A NZ NZ 3
2 A A Joe: (v, ~ )| | Joea i, ") . e o
N3
<19
Rank= | 4 4 4 N/ | N/A N;—1 N;—1 N; —1\] | N/A vz vz s
B A Jog: (M, - 1)] Jog: (M3 - 1)] Jog: (M3 - 1)] BL(13() i(ls() o
N3
<19
Rank= | 4 4 4 4 N/A N;—1 N;— 1 N;— 1 N;—1 vz vz A
p Joga (v, ~ D)l | Joea (o, = 0)I| Dose (i~ D)1 | Jrose G )1 | 2% o o
N3
<19
Rank= | 4 N/A | N/ N/ [log,(2M;)] [1 og (2M1 - 1)] N/A N/A N/A 3(KNE 4KV 2LM,
1 A A 2\ My -1 -1 -1
Ny
>19
Rank= | 4 4 N[N L(2M, 2M, — 1 2M, - 1| N/A N/A vz vz )
% N | s g, w1l Jog: 1) i(;() i(;() e
Ny
>19
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= 2M; — 1 2M; — 1 2M; — 1 Nz Nz 5
Ragk S ¢ Z/ Nlog: 2] [mgz ( M, —1 )] [logz( Ms—1 ) [logz( Ms—1 )] WA i(3[() i(3K) oM
N
> 19
K= M, — 1 2M, — 1 2M, — 1 2M, — 1 NZ NZ A
MLt Lt e fom ()] o () fose (a2 )] fose (1) i(i() ﬂ() o
N
> 19
Note: the bitwidth for {i; 7 ;3121 v {i2.40}1=1,.0 @ {iz5,:}21,., ShOWn in Table 6.3.2.1.2-1A isthe total

bitwidth of {i, , }, {i, , ,} and {i, ; ;} up to Rank = v, respectively, and the corresponding per layer
bitwidths are 2LM,,, 3(KN* — 1), and 4(Kk}'* — 1), (i.e., 1, 3, and 4 bits for each respective indicator

elements k{y;, ki)

Lif?

is the number of nonzero coefficients for layer [ suchthat K¥2 = 3'7_, KN%.

and ¢ ¢, respectively), where KV# as defined in Clause 5.2.2.2.5in [6, TS 38.214]

The bitwidth for PMI of codebookType= typell-PortSelection is provided in Tables 6.3.2.1.2-2, where the val ues of
Res rs. d. L, Nog» M,, M,, and K@ are given by Clause5.2.2.2.4in [6, TS 38.214].

Table 6.3.2.1.2-2: PMI of codebookType= typell-PortSelection

Information filds X, for wideband PMI Information fields X, forF\)/K:Icljeband PMI or per subband
i1 l131 l1,41 li3,2 1,42 l211 l212 l221 12,22
Rank=1
P
SBAmp Iogz[ C;;SH [log,(2L)]| a2L-1 | N/A | N/A | (M-1)-log Ny, N/A N/A N/A
off
Rank=2| _
P
SBAmp |092 C;(;RS |—|ng(2|-)—‘ 32L_3 ’—|092(2L)—| 32L_1) (Mi_l)'IOQ NPSK (Mz_l)'mgz NPSK N/A N/A
off
Rank=1| _ B ? min(Ml,K‘z’)«IogzNPSK
sBAmp| | 19% % [log,(2L)]| 3J2L-1) | N/A N/A | 106 Nesc N/A min(M,,K®)-1|  N/A
+2-(M, —min(M,,K®@))
on
Rank=2| _ P - min(Ml,K‘z’)4I092NF\SK min(Mz,K‘z))JogzNPSK
caamp| |00 == || Nog,(2L]] | d2L-1) | Nlog,(2L)]| A2L—1) | ~1om.Ne 109, N i, k)1 il k7)1
p 2d . '
on +2- (M, —min(M,,K®)) |+ 2- (M, —min(M,,K®)

The bitwidth for PMI of codebookType=typell-PortSelection-r16 isprovided in Tables 6.3.2.1.2-2A, where the values
of Pesj—gs, d, L, KM%, N3, and {M;},-, _, aregiven by Clause5.2.2.2.6in[6, TS 38.214].

Table 6.3.2.1.2-2A: PMI of codebookType= typell-PortSelection-ri16

Information fields X;

il,l i1,8,1 i1,8,2 i1,8,3 i1,8,4-
Rank=1 Pest_rs Mog, KVZ] N/A N/A N/A
log2 | =54 ]
N; <19
Rank=2 Pesi—rs Mog,(2L)] Mog,(2L)] N/A N/A
log2 | =54 ]
N; <19
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Rank=3 PCSI—RS] [log, (2L)] [log,(2L)] [log,(2L)] N/A
log, |——
2d
N; <19
Rank=4 | PCSI—RS] [log,(2L)] [log, (2L)] [log,(21)] [log,(21)]
082 |—7
2d
Ny <19
Rank=1 Pesi—rs llog,K V7] N/A N/A N/A
log, —]
2d
N; > 19
Rank=2 ] PCSI—RS- [logz (ZL)] [logz (ZL)] N/A N/A
082 |—7—
2d
N; > 19
Rank=3 | Pcsi—gs) [log,(2L)] [log,(2L)] [log,(2L)] N/A
082 |—7—
2d
N; > 19
Rank=4 lo Pesi—rs] [log, (2L)] [log, (2L)] [log,(21)] [log,(2L)]
82|7%q
Ny > 19
Information fields X,
i2,3,1 i2,3,2 i2,3,3 i2,3,4 il,S i1,6,1 il,G,Z i1,6,3 i1,6,4 {i2,4,l}l=1,. WU {i2,5,l}l=1, U {i1,7,l}l=1,. WU
Rank= | 4 N | NA | NI | N/A [1 (N3 —1\] | N/A N/A N/A 3(K"2 4(K"Z 2LM,
1 A A %82\ m, - 1)] —1) -1)
Ny
<19
Rank= | 4 4 NA | N | NA N;—1 N;—1y] | NIA N/A 3(K2 H(KVZ aLM
B A g (o, = 1)| | [roe= (i =) 7(2) —(2) ’
N3
<19
Rank= | 4 4 4 NI | N/A Ny — 1 Ny —1 N;—1\|| NIA 3(K2 H(KVZ 6LM.
B A o8 (3~ )] | [roz= (s~ )] | [roea (i =1 —(3) 7(3) ’
N3
<19
Rak= | 2 4 4 4 N/A N—1 N—1 N;—1 N—1 3K 2(KV? 8LM,
% g (ar, = )| | og= (e ~ )l | roea (a2 Z2)1 | Jroe= 3, = )| —(4) M ‘
N3
<19
Rank= | 4 N | NJA | NI | Mlog,(2M))] [log (ZM1 - 1)] N/A N/A N/A 3KV 2(KV? 2LM,
1 A A 2\mM -1 -1 -1
N3
>19
Rank= | 4 4 NA | N/ log, (ZM. 2M, — 1 2M, — 1 N/A N/A 3K 2(KV? 4LM
% | M@ fog, (S )] frose (547 —(2) X ’
Ny
>19
Rank= | 4 4 4 N/ 1 2M;—1 2M;—1 2M; -1 N/A Nz NZ
3 | o) [logz( My -1 )] [logz( M, -1 )] [l"gz ( M, 1 ) i(;() ‘i(’; oLtts
Ny
>19
Rak= | 4 4 4 4 2M, — 1 M, — 1 2M, — 1 2M, — 1 VZ Z
! Mowe G uoga (e 73 )| [roee (o )| o Gy 70| oG 0] 255 e oL
Ny
>19
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Note: the bitwidth for {i; 7 ,},21 v {i2.40}1=1,..0 @ {iz 5, }21,., ShOWn in Table 6.3.2.1.2-2A isthe total
bitwidth of {i, , }, {i, , ,} and {i, ; ;} up to Rank = v, respectively, and the corresponding per layer
bitwidths are 2LM,,, 3(KN? — 1), and 4(K}N? — 1), (i.e., 1, 3, and 4 bits for each respective indicator
elements k{»;, k{7, and ¢, 7, respectively), where KN as defined in Clause 5.2.2.2.5in[6, TS 38.214]
is the number of nonzero coefficients for layer [ such that K¥2 = 3'7_, KN%.

For CSl on PUSCH, two UCI bit sequences are generated, al’,a®,al”,al’,...,a and a{?,a® a{?,al?,...,a%

A1 AD 1"
The CSl fields of al CSl reports, in the order from upper part to lower part in Table 6.3.2.1.2-6, are mapped to the UCI
bit sequence al’,a®,a’,af’,...,a® | starting with al’ . The CSl fields of all CSl reports, in the order from upper part

A _

to lower part in Table 6.3.2.1.2-7, are mapped to the UCI bit sequence a{?,a?,a{?,a{?,...,.a?

A

starting with a{?.

The mapping order of CSl fields of one report for CRI/RSRP or SSBRI/RSRP reporting is provided in Table 6.3.1.1.2-
8. The mapping order of CSI fields of one report for CRI/SINR or SSBRI/SINR reporting is provided in Table
6.3.1.1.2-8A. The procedure in clause 6.3.2 described for CSI part 1 is also applicable for one report for CRI/RSRP,
SSBRI/RSRP, CRI/SINR, or SSBRI/SINR reporting.

Table 6.3.2.1.2-3: Mapping order of CSl fields of one CSl report, CSl part 1

CSl report number CsSil fields

CRI as in Tables 6.3.1.1.2-3/4/6, if reported
Rank Indicator as in Tables 6.3.1.1.2-3/4/5 or 6.3.2.1.2-8, if reported
Wideband CQI for the first TB as in Tables 6.3.1.1.2-3/4/5 or 6.3.2.1.2-8, if reported
Subband differential CQI for the first TB with increasing order of subband number as in
Tables 6.3.1.1.2-3/4/5 or 6.3.2.1.2-8, if reported

CSl report #n Indicator of the number of non-zero wideband amplitude coefficients M, for layer 0 as in
CSlpart 1 Table 6.3.1.1.2-5, if reported
Indicator of the number of non-zero wideband amplitude coefficients M, for layer 1 as in Table
6.3.1.1.2-5 (if the rank according to the reported Rl is equal to one, this field is set to all
zeros), if 2-layer PMI reporting is allowed according to the rank restriction in Clauses 5.2.2.2.3
and 5.2.2.2.4 [6, TS 38.214] and if reported
Indicator of the total number of non-zero coefficients summed across all layers K¥# as in
Table 6.3.2.1.2-8, if reported
Note: Subbands for given CSI report n indicated by the higher layer parameter csi-ReportingBand are numbered
continuously in the increasing order with the lowest subband of csi-ReportingBand as subband 0.

Table 6.3.2.1.2-4: Mapping order of CSl fields of one CSI report, CSI part 2 wideband

CSl report .
number CsSl fields
Wideband CQI for the second TB as in Tables 6.3.1.1.2-3/4/5, if present and reported
Layer Indicator as in Tables 6.3.1.1.2-3/4/5, if reported
CSl report #n PMI wideband information fields X, from left to right as in Tables 6.3.1.1.2-1/2 or 6.3.2.1.2-
CSl part 2 1/2, if reported
wideband PMI wideband information fields XZ, from left to right as in Tables 6.3.1.1.2-1/2 or 6.3.2.1.2-
1/2, or codebook index for 2 antenna ports according to Clause 5.2.2.2.1 in [6, TS38.214], if
pmi-Formatindicator= widebandPMI and if reported
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Table 6.3.2.1.2-5: Mapping order of CSl fields of one CSl report, CSl part 2 subband

Subband differential CQI for the second TB of all even subbands with increasing order of
subband number, as in Tables 6.3.1.1.2-3/4/5, if cqi-Formatindicator=subbandCQI and if reported

PMI subband information fields X2 of all even subbands with increasing order of subband
number, from left to right as in Tables 6.3.1.1.2-1/2 or 6.3.2.1.2-1/2, or codebook index for 2
antenna ports according to Clause 5.2.2.2.1 in [6, TS38.214] of all even subbands with increasing

CSl report #n order of subband number, if pmi-Formatindicator= subbandPMI and if reported
Part 2 subband | Subband differential CQI for the second TB of all odd subbands with increasing order of subband
number, as in Tables 6.3.1.1.2-3/4/5, if cqi-Formatindicator=subbandCQI and if reported

PMI subband information fields X, of all odd subbands with increasing order of subband

number, from left to right as in Tables 6.3.1.1.2-1/2 or 6.3.2.1.2-1/2, or codebook index for 2
antenna ports according to Clause 5.2.2.2.1 in [6, TS38.214] of all odd subbands with increasing
order of subband number, if pmi-Formatindicator= subbandPMI and if reported
Note: Subbands for given CSI report n indicated by the higher layer parameter csi-ReportingBand are numbered

continuously in the increasing order with the lowest subband of csi-ReportingBand as subband O.

Table 6.3.2.1.2-5A: Mapping order of CSl fields of one CSI report, CSI part 2 of codebookType=typell-
rl6 or typell-PortSelection-ri16

CSl report .
number CsSl fields

CSl report #n

CSl part 2, group 0 PMI fields X;, from left to right as in Tables 6.3.2.1.2-1A/2A, if reported

The following PMI fields X,, from left to right, as in Tables 6.3.2.1.2-1A/2A: {i5,: 1 = 1, ..., v},
CSl report #n i {l1erl=1,..,v} and ([KTNZ] —v) x 3 highest priority bits of

cSlpart2, group 1 | {izas:l = 1,..,v}, [K"% /2] —v) x 4 highest priority bits of {izs;:1 = 1,...,v} and v * 2LM,, —
LK™NZ /2] highest priority bits of{i1,7,l: =1, v} in decreasing order of priority based on

function Pri(l,i, f) defined in clause 5.2.3 of TS38.214, if reported

The following PMI fields X, from left to right, as in Tables 6.3.2.1.2-1A/2A: |[KVZ /2| x 3 lowest
CSl report #n priority bits of {iz4;:1 = 1,...,v}, [K"%/2] x 4 lowest priority bits of {i;5;:1 = 1,...,v} and

CSl part 2, group 2 |KN% /2] lowest priority bits of {i;;;:1 = 1,...,v}, in decreasing order of priority based on

function Pri(l, i, f) defined in clause 5.2.3 of TS38.214, if reported

Table 6.3.2.1.2-6: Mapping order of CSl reports to UCI bit sequence af’,a®,a’,a{,...a{,
with two-part CSl report(s)

UCI bit sequence CSl report number
) CSl part 1 of CSl report #1 as in Table 6.3.2.1.2-3 or Table
% 6.3.1.1.2-8 or Table 6.3.1.1.2-8A
)
& CSl part 1 of CSl report #2 as in Table 6.3.2.1.2-3 or Table
al? 6.3.1.1.2-8 or Table 6.3.1.1.2-8A
a® CSl part 1 of CSl report #n as in Table 6.3.2.1.2-3 or Table
AL 6.3.1.1.2-8 or Table 6.3.1.1.2-8A

where CS| report #1, CSl report #2, ..., CSl report #n in Table 6.3.2.1.2-6 correspond to the CSI reportsin increasing
order of CSl report priority values according to Clause 5.2.5 of [6, TS38.214].
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Table 6.3.2.1.2-7: Mapping order of CSI reports to UCI bit sequence a®,a® al? a?,....a?

,aA(Q)_ly
with two-part CSl report(s)

UCI bit sequence CSl report number

CSl report #1, CSI part 2 wideband, as in Table 6.3.2.1.2-4,
or CSlI part 2 with group 0, as in Table 6.3.2.1.2-5A,
if CSI part 2 exists for CSl report #1
CSl report #2, CSI part 2 wideband, as in Table 6.3.2.1.2-4,
or CSl part 2 with group 0, as in Table 6.3.2.1.2-5A,
if CSl part 2 exists for CSI report #2

ay’

al? CSl report #n, CSI part 2 wideband, as in Table 6.3.2.1.2-4,
2 or CSI part 2 with group 0, as in Table 6.3.2.1.2-5A,

a if CSI part 2 exists for CSI report #n

aéz) CSl report #1, CSl part 2 subband, as in Table 6.3.2.1.2-5,

or CSl part 2 with group 1 and 2, as in Table 6.3.2.1.2-5A,

: if CSl part 2 exists for CSl report #1

a® CSl report #2, CSl part 2 subband, as in Table 6.3.2.1.2-5,
AD1 or CSlI part 2 with group 1 and 2, as in Table 6.3.2.1.2-5A,

if CSl part 2 exists for CSI report #2

CSl report #n, CSl part 2 subband, as in Table 6.3.2.1.2-5,
or CSl part 2 with group 1 and 2, as in Table 6.3.2.1.2-5A,
if CSI part 2 exists for CSl report #n

where CSl report #1, CSI report #2, ..., CSI report #nin Table 6.3.2.1.2-7 correspond to the CSl reportsin increasing
order of CSI report priority values according to Clause 5.2.5 of [6, TS38.214].

The bitwidth for RI/CQI of codebookType= typell-r16 or codebookType=typell-PortSelection-ri6 is provided in Table
6.3.2.1.2-8.

Table 6.3.2.1.2-8: Rl and CQI of codebookType=typell-rl6 or typell-PortSelection-r16

Field Bitwidth
Rank Indicator min(2, [log,ng1)
Wide-band CQI 4
Subband differential CQI 2
Indicator of the total number of non-zero coefficients flog; (Kor);r:LfiT;af allowed

summed across all layers KV*

[log,(2K,)] otherwise

where ng; isthe number of allowed rank indicator values according to Clauses 5.2.2.2.5 and 5.2.2.2.6 [6, TS
38.214], K, = [2L [pl x %] 3], wherep,, N5, R, and g are given by Clause 5.2.2.2.5 and 5.2.2.2.6 in [6, TS 38.214].

The values of the rank indicator field are mapped to alowed rank indicator values with increasing order, where'0' is
mapped to the smallest allowed rank indicator value.

6.3.2.1.3 CG-UCl

For CG-UCI bits transmitted on a CG PUSCH, the CG-UCI bit sequence a,, a4, a,, as, ..., a4_, isdetermined as
follows:

- seta; =6f%7UC fori=0,1,..,0°"U — 1 and A = 0¢¢~V¢! where the CG-UCI bit sequence
age-vCl ofemvel ., 5586 50, isgiven by Table 6.3.2.1.3-1, mapped in the order from upper part to lower

part.
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Table 6.3.2.1.3-1: Mapping order of CG-UCI fields

Field Bitwidth
HARQ process number 4
Redundancy version 2
New data indicator 1

[log,C] if both higher layer parameter ul-toDL-COT-SharingED-
Threshold and higher layer parameter cg-COT-SharingList are
configured, where C is the number of combinations configured in
cg-COT-SharingList;

1if higher layer parameter ul-toDL-COT-SharingeD-Threshold is
not configured and higher layer parameter cg-COT-SharingOffset is
Channel Occupancy Time (COT) sharing configured;

information
0 otherwise;

If aUE indicates COT sharing other than "no sharing" in aCG
PUSCH within the UE'sinitiated COT, the UE should provide
consistent COT sharing information in al the subsequent CG
PUSCHs, if any, occurring within the same UE's initiated COT such
that the same DL starting point and duration are maintained.

6.3.2.1.4 HARQ-ACK and CG-UCI

When higher layer parameter cg-UCI-Multiplexing is configured, the UCI bit sequence a,, a4, a,, as, ..., a,_; 1S
determined as follows, where A = Q€¢-UCl 4 QACK,

The CG-UCI bits are mapped to the UCI bit sequencea,, a,, a,, as, ..., ayce-vci_, , Wherea; = 656~V fori =
0,1, ...,0°7Y¢" — 1. The CG-UCI bit sequence 65V, 6£5VC, . 656557, isgiven by Table6.3.2.1.3-1
mapped in the order from upper part to lower part, and 0€¢=V¢! is number of CG-UCI bits;

The HARQ-ACK bits are mapped to the UCI bit sequence a,cc-uct, @y c6-uct,q, .., Qpce-uct, gack _,, Where
ay,oc6-ver = 67K for i = 0,1, ..., 04K — 1. The HARQ-ACK bit sequence 65K, 58K, .., 6056, isgivenby
Clause 9.1 of [5, TS38.213], and 0A¢K is number of HARQ-ACK hits.

6.3.2.2 Code block segmentation and CRC attachment

Denote the bits of the payload by a,,a,,a,,3a3,...,ax_1, Where A isthe payload size. The procedurein 6.3.2.2.1
appliesfor A>12 and the procedure in Clause 6.3.2.2.2 appliesfor A<11.

6.3.2.2.1 UCI encoded by Polar code

Code block segmentation and CRC attachment is performed according to Clause 6.3.1.2.1.

6.3.2.2.2 UCI encoded by channel coding of small block lengths

The procedure in Clause 6.3.1.2.2 applies.

6.3.2.3 Channel coding of UCI

6.3.2.3.1 UCI encoded by Polar code

Channel coding is performed according to Clause 6.3.1.3.1, except that the rate matching output sequence length E, is
givenin Clause 6.3.2.4.1.
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6.3.2.3.2 UCI encoded by channel coding of small block lengths

Information bits are delivered to the channel coding block. They are denoted by c,,c;,C,,Cs,...,Ck_;, Where K isthe
number of bits.

The information bits are encoded according to Clause 5.3.3.

After encoding the bits are denoted by d,,d,,d,,d,,...,d, ,, Where N isthe number of coded bits.

6.3.2.4 Rate matching
6.3.2.4.1 UCI encoded by Polar code
6.3.2.4.1.1 HARQ-ACK

For HARQ-ACK transmission on PUSCH not using repetition type B with UL-SCH, the number of coded modulation
symbols per layer for HARQ-ACK transmission, denoted as Q,;CK , isdetermined as follows:

NSt —1
(OACK + Lack ) ﬁcff?sic " Z M ;CI (I) Némpan—1
. - c
Q. =Min S o D M)

Z K 1=l

r
r=0

where
- O,k isthe number of HARQ-ACK bits;

- if Oy 2360, L,y =11; otherwise L, isthe number of CRC bits for HARQ-ACK determined according to

ACK —

Clause 6.3.1.2.1,
) ,BPUSCH _ﬂHARQ—ACK_
offset T /~offset !
- Cy__scn isthe number of code blocks for UL-SCH of the PUSCH transmission;

- if the DCI format scheduling the PUSCH transmission includes a CBGT] field indicating that the UE shall not
transmit the r -th code block, K, =0; otherwise, K, isthe r -th code block size for UL-SCH of the PUSCH
transmission;

M ;U S s the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;

- MZ™(1) isthe number of subcarriersin OFDM symbol | that carries PTRS, in the PUSCH transmission;

- M9 (1) isthe number of resource elements that can be used for transmission of UCI in OFDM symbol |, for

1=0,1,2,..., N;‘rﬁ]ﬁ' —1, inthe PUSCH transmission and N;‘;ﬁ' is the total number of OFDM symbols of the

PUSCH, including all OFDM symbols used for DMRS;

- for any OFDM symbol that carries DMRS of the PUSCH, MS‘iC' (| ) =0;
- for any OFDM symbol that does not carry DMRS of the PUSCH, M2 (1) =M S —MI™R8(1);

- o isconfigured by higher layer parameter scaling;
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- |, isthe symbol index of the first OFDM symbol that does not carry DMRS of the PUSCH, after the first DMRS
symbol(s), in the PUSCH transmission.

For HARQ-ACK transmission on an actual repetition of a PUSCH with repetition Type B with UL-SCH, the number of
coded modulation symbols per layer for HARQ-ACK transmission, denoted as Q. is determined as follows:

PUSC PUSCH
H N R
0 L . pPUSCH . y"Vsymbnomina ~1 MYc I symb,nominal
’ I ( ack t ACK) Boffset leo sc,nominal() . MUCI l
Qacx = min CuL-scH™1 - sc,nominal( )|,
)Y T b

PUSCH
N, symb,actual ~ 1

> MO

=0
where

- MySomina (1) isthe number of resource elements that can be used for transmission of UCI in OFDM symbol [,
forl=0,1,2,-, NPVSCH — 1, in the PUSCH transmission assuming a nominal repetition without

ymb,nominal
segmentation, and Ny hominal IS the total number of OFDM symbols in anominal repetition of the PUSCH,
including al OFDM symbols used for DMRS;

- for any OFDM symbol that carries DMRS of the PUSCH assuming a nominal repetition without
segmentation, MU¢! D =0;

sc,nominal

- for any OFDM symbol that does not carry DMRS of the PUSCH assuming a nominal repetition without
segmentation, My Gomina (1) = MESH — METRS (D) where MELRS 1(D) isthe number of subcarriersin

OFDM symbol [ that carries PTRS, in the PUSCH transmission assuming a nominal repetition without
segmentation;

- M (D) isthe number of resource elements that can be used for transmission of UCI in OFDM symbol [ , for
1=0,1,2,,No3eh . — 1, inthe actual repetition of the PUSCH transmission, and Ng it is the total

number of OFDM symbolsin the actual repetition of the PUSCH transmission, including all OFDM symbols
used for DMRS;

- for any OFDM symbol that carries DMRS of the actual repetition of the PUSCH transmission, MY% . (1) =

sc,actual
0 1

- for any OFDM symbol that does not carry DMRS of the actual repetition of the PUSCH transmission,
MG (D = MEVSCH — METRS (1) where M8 (1) isthe number of subcarriersin OFDM symbol [ that

sc,actual

carries PTRS, in the actual repetition of the PUSCH transmission;

- and al the other notations in the formula are defined the same as for PUSCH not using repetition type B.

For HARQ-ACK transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for
HARQ-ACK transmission, denoted as Q;CK , is determined as follows:

PUSCH

’ ; (OACK +Lack ) : ﬂfff?sic " R ucl
QACK:mIn R | & Z Msc (l)
: Qm I=ly
where
- O,k isthe number of HARQ-ACK bits;
if Oy 2360, Ly =11, otherwise L, isthe number of CRC bits for HARQ-ACK defined according to
Clause 6.3.1.2.1;;
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ﬁPUSCH _ RHARQ-ACK
- Poifss = Foffset
- M ;U M is the scheduled bandwidith of the PUSCH transmission, expressed as a number of subcarriers;

- M;T'RS(I ) is the number of subcarriersin OFDM symbol | that carries PTRS, in the PUSCH transmission;

- MY (1) isthe number of resource elements that can be used for transmission of UCI in OFDM symbol |, for
1=0,12,.. NM 1, inthe PUSCH transmission and NPYSCH isthe total number of OFDM symbols of the

symb,all symb,all

PUSCH, including all OFDM symbols used for DMRS;
- for any OFDM symbol that carries DMRS of the PUSCH, M ¢ (1=0;
- for any OFDM symbol that does not carry DMRS of the PUSCH, M (1) =M 2> =M (1)
- |, isthe symbol index of the first OFDM symbol that does not carry DMRS of the PUSCH, after the first DMRS
symbol(s), in the PUSCH transmission;
- R isthecode rate of the PUSCH, determined according to Clause 6.1.4.1 of [6, TS38.214];

- Q, isthe modulation order of the PUSCH;

-« isconfigured by higher layer parameter scaling.

The input bit sequence to rate matchingis d ,,d,,,d,,,d,,,... where I isthe code block number, and N, isthe

d
M1 (N -1
number of coded bitsin code block number I .

Rate matching is performed according to Clause 5.4.1 by setting |, =1 and the rate matching output sequence length
o E = LEUCI 1Cyq J » where

- C,qy isthenumber of code blocks for UCI determined according to Clause 5.2.1;

- N, isthe number of transmission layers of the PUSCH,;
- Q,, isthe modulation order of the PUSCH;

- Buo =N Qlack Que

The output bit sequence after rate matching isdenotedas f _ f _ f f where E, isthelength of rate matching

ror “rlr Tr2tt Tr(E -1
output sequence in code block number T .

6.3.2.4.1.2 CSl part 1

For CSl part 1 transmission on PUSCH not using repetition type B with UL-SCH, the number of coded modulation
symbols per layer for CSI part 1 transmission, denoted as Qég_pam, is determined as follows:

scH <Neymbal—1 PUSCH

PUSCH symb,a 1

, . (Ocs1-1+Lesi-1)Bosrset 'leoy MIE' W .ZNsymb,all_l puct n| - o

Qcsi-1 = min sCUL-SCH=T X =g se ( Qack/c-ucr
=0 r

where

- Ogg.; isthe number of bitsfor CSI part 1;
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if Og4=360, Loy, =11; otherwise L, isthe number of CRC bits for CS| part 1 determined according to

C3-1 =

Clause 6.3.1.2.1;

ﬁPUSCH _ﬁCSI—partl_
offsst — /Moffset '

CyL_scn isthe number of code blocks for UL-SCH of the PUSCH transmission;

if the DCI format scheduling the PUSCH transmission includes a CBGTI field indicating that the UE shall not
transmit the r -th code block, K. =0; otherwise, K, isthe r -th code block size for UL-SCH of the PUSCH
transmission;

M ;U M is the scheduled bandwidith of the PUSCH transmission, expressed as a number of subcarriers;

M;T'RS (I ) is the number of subcarriersin OFDM symbol | that carries PTRS, in the PUSCH transmission;
Qack/ce-ver = Qack if HARQ-ACK is present for transmission on the same PUSCH with UL-SCH and without

CG-UCI, where Q) ¢k isthe number of coded modulation symbols per layer for HARQ-ACK transmitted on the
PUSCH as defined in clause 6.3.2.4.1.1 if number of HARQ-ACK information bits is more than 2, and

Nemoai -1
Qack = 2, MZS (1) if the number of HARQ-ACK information bitsis no more than 2 bits, where
=0
MQ?:d (| ) is the number of reserved resource elements for potential HARQ-ACK transmission in OFDM
symbol | ,for 1=0,12,..., N;ﬁ;ﬁ —1, inthe PUSCH transmission, defined in Clause 6.2.7; or

Qack/cc-ver = Qacx 1f both HARQ-ACK and CG-UCI are present on the same PUSCH with UL-SCH, where
Qxcx i1sthe number of coded modulation symbols per layer for HARQ-ACK and CG-UCI transmitted on the
PUSCH as defined in clause 6.3.2.4.1.5; or

Qack/cc-ver = Qcg-vcer If CG-UCI is present on the same PUSCH with UL-SCH and without HARQ-ACK,
where Q¢ _yc; isthe number of coded modulation symbols per layer for CG-UCI transmitted on the PUSCH as
defined in clause 6.3.2.4.1.4;

My (1) isthe number of resource elements that can be used for transmission of UCI in OFDM symbol |, for

1=0,12,.. NM 1, inthe PUSCH transmission and NPYSCH isthe total number of OFDM symbols of the

symb,all symb,all

PUSCH, including all OFDM symbols used for DMRS;

- for any OFDM symbol that carries DMRS of the PUSCH, MS‘iC' (| ) =0;
- for any OFDM symbol that does not carry DMRS of the PUSCH, M Y (= M PSH M;T'RSU )i

o isconfigured by higher layer parameter scaling.

For CSI part 1 transmission on an actual repetition of a PUSCH with repetition Type B with UL-SCH, the number of
coded modulation symbols per layer for CSI part 1 transmission, denoted as Qcg-pare1, 1S determined as follows:

where

PUSCH
PUSCH N —

0 L . gPUSCH , yNsymbnomind ~1  ucl I symb,nominal
v . )| Ocsia + Lesia)  Botisat” 2o aomina (1) . e 1
Qosta = min CuL-scH=1 » | sromina (D

Z7’:0 T =0
PUSCH
Nwmb,actual_1
! ucl /
~ Qackjcg-ver » E Mg acia (D) — Qacx/ce-uc

=0
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- Méé%mmd (1) isthe number of resource elements that can be used for transmission of UCI in OFDM symboal [, for

1=0,1,2,, Ngrpoomina — 1, in the PUSCH transmission assuming anominal repetition without segmentation,
and Ngiomina 1S the total number of OFDM symbolsin anominal repetition of the PUSCH, including all

OFDM symbols used for DMRS;

- for any OFDM symbol that carries DMRS of the PUSCH assuming a nominal repetition without
segmentation, MeGe ina (1) = 0;

- for any OFDM symbol that does not carry DMRS of the PUSCH assuming a nominal repetition without
segmentation, MeGe mina (1) = MEYSCH — METRS. (1) where METRS (1) isthe number of subcarriersin
OFDM symbol [ that carries PTRS, in the PUSCH transmission assuming a nominal repetition without
segmentation;

- MYSa (D) isthe number of resource elements that can be used for transmission of UCI in OFDM symbol I, for

1=0,1,2,,NSroawa — 1, inthe actual repetition of the PUSCH transmission, and NP s is the total

number of OFDM symbolsin the actual repetition of the PUSCH transmission, including all OFDM symbols
used for DMRS;

- for any OFDM symbol that carries DMRS of the actual repetition of the PUSCH transmission, Mg (1) =
0;

- for any OFDM symbol that does not carry DMRS of the actual repetition of the PUSCH transmission,
MG (D) = MEPSCH — METES (1) where MET:55, (1) is the number of subcarriersin OFDM symbol { that
carries PTRS, in the actual repetition of the PUSCH transmission,;

- and dl the other notationsin the formula are defined the same as for PUSCH not using repetition type B.

For CSl part 1 transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for CSI
part 1 transmission, denoted as Q(g oy - i determined as follows:

if thereis CSl part 2 to be transmitted on the PUSCH,

NPUSCH _q

(OCSI 4t I-c5| -1) ’ ﬁoPUSCH K

’ . ffset UcCl 4
Qlg, = Min = , Z M2 (1) = Qhcx

: Qm 1=0
ese

NSba 1

7 UClI 4
Qc5|-1 = z Mg (l ) _QACK
1=0

end if
where

- Qg isthe number of bits for CSI part 1;

- if O, 23060, Ly, =11; otherwise Ly, isthe number of CRC bitsfor CSl part 1 determined according to
Clause 6.3.1.2.1;

,BPUSCH _ ,BCS|-part1_
- offsst — Moffset )

M ;U S s the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;

- MZ(1) isthe number of subcarriersin OFDM symbol | that carries PTRS, in the PUSCH transmission;
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- Q'sck isthe number of coded modulation symbols per layer for HARQ-ACK transmitted on the PUSCH if

PUSCH
stmb,dl -1

number of HARQ-ACK information bitsis more than 2, and Q',o = Z Méﬁsd (1) if the number of
1=0

HARQ-ACK information bitsis no more than 2 bits, where MQO,:d (| ) is the number of reserved resource

elements for potential HARQ-ACK transmission in OFDM symboal |, for | =0,1,2,..., N?YSH 1, inthe

symb,all
PUSCH transmission, defined in Clause 6.2.7;
- Mg (1) isthe number of resource elements that can be used for transmission of UCI in OFDM symbol |, for

[=0,1,2,.., NPUH _1 inthe PUSCH transmission and N 5" isthe total number of OFDM symbols of the

symb,all symb, al

PUSCH, including all OFDM symbols used for DMRS;

- for any OFDM symbol that carries DMRS of the PUSCH, M J° (1)=0;
- for any OFDM symbol that does not carry DMRS of the PUSCH, M U (| )= M PUser M;T-RSU ):

- R isthecode rate of the PUSCH, determined according to Clause 6.1.4.1 of [6, TS38.214];

- Q, isthe modulation order of the PUSCH.

The input bit sequence to rate matchingis d,,d,;,d,,,d,5,....d,  _; Where I' isthe code block number, and N, isthe
number of coded bitsin code block number 1 .

Rate matching is performed according to Clause 5.4.1 by setting | .., =1 and the rate matching output sequence length

to Er = LEUCI /CUCI J » Where

BIL

- C,q isthenumber of code blocks for UCI determined according to Clause 5.2.1;

- N, isthe number of transmission layers of the PUSCH,;
- Q,, isthe modulation order of the PUSCH;

- By =N 'Q'csLl'Qm-

The output bit sequence after rate matching isdenotedas f _ f  f f where E, isthelength of rate matching

r0r Trly Tr20t Tr(E A1)

output sequence in code block number T .

6.3.2.4.1.3 CSl part 2

For CSl part 2 transmission on PUSCH not using repetition type B with UL-SCH, the number of coded modulation
symbols per layer for CSI part 2 transmission, denoted as QéS,_partz, is determined as follows:

pusCH Neymbiall~! PUSCH
symb,a
, . (Ocsi-2+Lcs1-2)"Boftoet "Lion mMEET W) v Vsymb,ail—1 MU (| - o _n
Qcsi-2 = min CUL-SCH=T ) 1=0 sc Qack/cc-ucr — Qesi-1
r=0

where

- O, isthe number of bitsfor CSI part 2;

- if O, =360, L, =11; otherwise L, isthe number of CRC bits for CSI part 2 determined according to

C3-2 =

Clause 6.3.1.2.1;
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,BPUSCH _,BCS|-part2_
offset T /Moffset '

CyL_scn isthe number of code blocks for UL-SCH of the PUSCH transmission;

if the DCI format scheduling the PUSCH transmission includes a CBGTI field indicating that the UE shall not
transmit the r -th code block, K. =0; otherwise, K, isthe r -th code block size for UL-SCH of the PUSCH
transmission;

M ;U S s the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;

MST'RS (I ) is the number of subcarriersin OFDM symbol | that carries PTRS, in the PUSCH transmission;

Qack/cc-ver = Qack 1T HARQ-ACK is present for transmission on the same PUSCH with UL-SCH and without

CG-UCI, where Q). isthe number of coded modulation symbols per layer for HARQ-ACK transmitted on the
PUSCH as defined in clause 6.3.2.4.1.1 if number of HARQ-ACK information bits is more than 2, and

Q'ack = 0 if the number of HARQ-ACK information bitsis 1 or 2 bits; or

Qack/ce-ver = Qack if both HARQ-ACK and CG-UCI are present on the same PUSCH with UL-SCH, where

Q¢ 1sthe number of coded modul ation symbols per layer for HARQ-ACK and CG-UCI transmitted on the
PUSCH as defined in clause 6.3.2.4.1.5; or

Qack/cc-ver = Qcg-ucr if CG-UCI is present on the same PUSCH with UL-SCH and without HARQ-ACK,
where Q(;_y¢; 1S the number of coded modulation symbols per layer for CG-UCI transmitted on the PUSCH as
defined in clause 6.3.2.4.1.4;

Q'CS,_1 is the number of coded modulation symbols per layer for CSl part 1 transmitted on the PUSCH;

My (1) isthe number of resource elements that can be used for transmission of UCI in OFDM symbol |, for

1=0,1,2,..., N;‘rﬁ]ﬁ' —1, inthe PUSCH transmission and N;‘;ﬁ' is the total number of OFDM symbols of the

PUSCH, including all OFDM symbols used for DMRS;

- for any OFDM symbol that carries DMRS of the PUSCH, MS‘iC' (| ) =0;
- for any OFDM symbol that does not carry DMRS of the PUSCH, M Y (| ) =M M;T'Rs(l ) )

o isconfigured by higher layer parameter scaling.

For CSl part 2 transmission on an actual repetition of a PUSCH with repetition Type B with UL-SCH, the number of
coded modulation symbols per layer for CSI part 2 transmission, denoted as Qcg.-parto, 1S determined as follows:

where

PUSCH
PUSCH _ v Nombromind 1 » Ul Nymb.nominal =1
v )| Ocsi2 + Lesi2)  Botisat” * 2o Mg vomina (D) ucl
QCSI-Z = min CuL-scH—1 K , |a- Msc,nominal (l)
Z7":0 T =0
NS =1
’ ' UcCl li ’
— Qackjcc-ver — Qcsi1» Z Mg zcua (D — Qack/co-ver — Qcsia

=0

- Méé%mmd (1) isthe number of resource elements that can be used for transmission of UCI in OFDM symboal [, for

1=0,1,2,, Ngrpoomina — 1, in the PUSCH transmission assuming anominal repetition without segmentation,

and NEUSCH . isthe total number of OFDM symbolsin anominal repetition of the PUSCH, including all

symb,nominal

OFDM symbols used for DMRS;
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- for any OFDM symbol that carries DMRS of the PUSCH assuming a nominal repetition without
segmentation, MeGe ina (1) = 0;

- for any OFDM symbol that does not carry DMRS of the PUSCH assuming a nominal repetition without

segmentation, MeGe mina (1) = MEYSCH — METRS. (1) where METRS (1) isthe number of subcarriersin

OFDM symbol [ that carries PTRS, in the PUSCH transmission assuming a nominal repetition without
segmentation;

M;ggcm (1) isthe number of resource elements that can be used for transmission of UCI in OFDM symboal [, for

1=0,1,2,, Ngnpana — 1. inthe actual repetition of the PUSCH transmission, and N paqa isthe total

number of OFDM symbolsin the actual repetition of the PUSCH transmission, including all OFDM symbols
used for DMRS;

- for any OFDM symbol that carries DMRS of the actual repetition of the PUSCH transmission, Mg (1) =
0;

- for any OFDM symbol that does not carry DMRS of the actual repetition of the PUSCH transmission,

MG (D) = MEPSCH — METES (1) where ME:55, (1) is the number of subcarriersin OFDM symbol { that

carries PTRS, in the actual repetition of the PUSCH transmission;

- and al the other notations in the formula are defined the same as for PUSCH not using repetition type B.

For CSI part 2 transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for CSI
part 2 transmission, denoted as Qég_panz, is determined as follows:

PUSCH
Nwmb‘all -1

Q(,:s-z = Z M;CI (I ) _Q/,ACK _QéSI—l
1=0
where

- M ;U M is the scheduled bandwidith of the PUSCH transmission, expressed as a number of subcarriers;

- M ;T RS (I ) is the number of subcarriersin OFDM symbol | that carries PTRS, in the PUSCH transmission;

- Q'sck isthe number of coded modulation symbols per layer for HARQ-ACK transmitted on the PUSCH if

number of HARQ-ACK information bits is more than 2, and Q' = O if the number of HARQ-ACK
information bitsis 1 or 2 hits;

- Q'CS,_1 is the number of coded modulation symbols per layer for CSl part 1 transmitted on the PUSCH;

- Mg (1) isthe number of resource elements that can be used for transmission of UCI in OFDM symbol |, for
1=0,1,2,..,NPUH _1 inthe PUSCH transmission and N 5" isthe total number of OFDM symbols of the

symb,all symb, al

PUSCH, including all OFDM symbols used for DMRS;

- for any OFDM symbol that carries DMRS of the PUSCH, MQC' (| ) =0;

- for any OFDM symbol that does not carry DMRS of the PUSCH, M ()= M 2oser M;T'RSU )-

Theinput bit sequence to rate matchingis d,,d,;,d,,,d,s,....d,  ; Where I' isthe code block number, and N, isthe
number of coded bitsin code block number r .
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Rate matching is performed according to Clause 5.4.1 by setting |, =1 and the rate matching output sequence length
to E = |_EUCI ICyq J » Where

- C,q Isthenumber of code blocks for UCI determined according to Clause 5.2.1;

- N, isthe number of transmission layers of the PUSCH,;
- Q,, isthe modulation order of the PUSCH;

- Eya =N_ 'Q'cs,z'Qm-

The output bit sequence after rate matchingisdenotedas f _ f _ f f where E, isthelength of rate matching

ror “rlr Tr2ttt Tr(E -1
output sequence in code block number T .

6.3.24.14 CG-UClI

For CG-UCI transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for CG-UCI
transmission, denoted as Q(¢_yc;, 1S determined as follows:

puSCH < Noymball~1 PUSCH

symb,a
’ _ . (OCG—UCI+LCG—UCI)'ﬁ0ffset 'Zl=0y MECCI(D i Nsymb,all_1 MUCI l
Qcg-ucr = min CuL-sca—1 X L=y s (D
Xr2o r

where
- Ocg_yc 1Sthe number of CG-UCI bits;

- Lcg-ycy i1sthe number of CRC bits for CG-UCI determined according to Clause 6.3.1.2.1;

PUSCH _ pCG-UCI.
offset — Foffset

- Cyp_scu isthe number of code blocks for UL-SCH of the PUSCH transmission;

- K, isther-th code block size for UL-SCH of the PUSCH transmission;

- MPUSCH jsthe scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;

- MFT-RS(1) isthe number of subcarriersin OFDM symbol | that carries PTRS, in the PUSCH transmission;

- MICY(1) isthe number of resource elements that can be used for transmission of UCI in OFDM symbol |, for

1=0,1,2,..., Nooaean — 1, in the PUSCH transmission and Nguo¢hy, is the total number of OFDM symbols of the

PUSCH, including all OFDM symbols used for DMRS;

- for any OFDM symbol that carries DMRS of the PUSCH, MIC(1) = 0;

- for any OFDM symbol that does not carry DMRS of the PUSCH, MI¢I(1) = MEUSCH — mPT-RS(py.
- aisconfigured by higher layer parameter scaling;

- 1, isthe symbol index of the first OFDM symbol that does not carry DMRS of the PUSCH, after the first DMRS
symbol(s), in the PUSCH transmission.

Theinput bit sequence to rate matching is d,, d,1, dy2, drs, ..., dyr(v,—1) Wherer isthe code block number, and N, is the
number of coded bitsin code block number r.

Rate matching is performed according to Clause 5.4.1 by setting Iz;;, = 1 and the rate matching output sequence length
to £, = |Eyci/ Cycil, where

- Cycy isthe number of code blocks for UCI determined according to Clause 5.2.1;
- N, isthe number of transmission layers of the PUSCH;

- Q,, isthe modulation order of the PUSCH;
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Eycr =N+ Q(,JG—UCI Q-

The output bit sequence after rate matching is denoted as frq, fr1, fr2, - fr(g,-1) Where E.. is the length of rate matching
output sequence in code block number r.

6.3.2.4.1.5 HARQ-ACK and CG-UCI

For HARQ-ACK and CG-UCI transmission on PUSCH with UL-SCH, the number of coded modulation symbols per
layer for HARQ-ACK and CG-UCI transmission, denoted as Q). is determined as follows:

PUSCH
Nsymb,all~1

PUSCH PUSCH
Q, _ min (OACK+0CG—UCI+LACK)'ﬁoffset 'Zl=0 MECCI(D a- symb,all_1 MUCl(l)
ACK — CUL—SCH—iK ’ 1=l sc
YL .

where
- Oack isthe number of HARQ-ACK hits;
- Ocg-ycy 1sthe number of CG-UCI bits;

- if Opck + Ocg_uct > 360, Lack = 11; otherwise Lack isthe number of CRC bits for HARQ-ACK and CG-UCI
determined according to Clause 6.3.1.2.1;

PUSCH __ pHARQ-ACK,
offset — Boffset !

- Cyp-scy isthe number of code blocks for UL-SCH of the PUSCH transmission;

- K, isther-th code block size for UL-SCH of the PUSCH transmission;

- MEVSCH jsthe scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;

- MPT-RS(]) isthe number of subcarriersin OFDM symbol | that carries PTRS, in the PUSCH transmission;

- MILY(1) isthe number of resource elements that can be used for transmission of UCI in OFDM symbol |, for

1=0,1,2,..., N&ossan — 1, inthe PUSCH transmission and Ng,>¢ 1y, isthe total number of OFDM symbols of the

PUSCH, including all OFDM symbols used for DMRS;

- for any OFDM symbol that carries DMRS of the PUSCH, MY (1) = 0;

- for any OFDM symbol that does not carry DMRS of the PUSCH, MY (1) = MEUSCH — MET-RS(]);
- aisconfigured by higher layer parameter scaling;

- 1, isthe symbol index of the first OFDM symbol that does not carry DMRS of the PUSCH, after the first DMRS
symbol(s), in the PUSCH transmission.

Theinput bit sequence to rate matching is d,, dy1, dy2, drs, -, dr(n,-1) Wherer isthe code block number, and N, isthe
number of coded bitsin code block number r.

Rate matching is performed according to Clause 5.4.1 by setting Iz;;, = 1 and the rate matching output sequence length
to £, = |Eyci/ Cycil, where

- Cycy isthe number of code blocks for UCI determined according to Clause 5.2.1;
- N, isthe number of transmission layers of the PUSCH,;

- Q,, isthe modulation order of the PUSCH;

- Eyer = Ny Qick ~ Om-

The output bit sequence after rate matching is denoted as frq, fr1, fr2, - fr(g,-1) Where E.. is the length of rate matching
output sequence in code block number r.
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6.3.2.4.2 UCI encoded by channel coding of small block lengths

6.3.2.4.2.1 HARQ-ACK

For HARQ-ACK transmission on PUSCH, the number of coded modulation symbols per layer for HARQ-ACK
transmission, denoted as Q;CK , isdetermined according to Clause 6.3.2.4.1.1, by setting the number of CRC bits

L=0.
Theinput bit sequence to rate matching is d,,d,,d

SN o N

Rate matching is performed according to Clause 5.4.3, by setting the rate matching output sequence length
E=N_ Q' Qs Where

N, isthe number of transmission layers of the PUSCH;
Q,, isthe modulation order of the PUSCH.

The output bit sequence after rate matching is denoted as f

o Fis Ty Fes

6.3.2.4.2.2 CSl part 1

For CSl part 1 transmission on PUSCH, the number of coded modulation symbols per layer for CSl part 1 transmission,
denoted as Qésu , is determined according to Clause 6.3.2.4.1.2, by setting the number of CRC bits L = 0.

Rate matching is performed according to Clause 5.4.3, by setting the rate matching output sequence length
E=N_ 'Q'CSI,l'Qm » where

N, isthe number of transmission layers of the PUSCH;

Q,, isthe modulation order of the PUSCH.

The output bit sequence after rate matching isdenoted as f, f,, f

SIS

6.3.2.4.2.3 CSl part 2

For CSl part 2 transmission on PUSCH, the number of coded modulation symbols per layer for CSl part 2 transmission,
denoted as Qést , is determined according to Clause 6.3.2.4.1.3, by setting the number of CRC bits L = 0.

Rate matching is performed according to Clause 5.4.3, by setting the rate matching output sequence length
E=N_ 'Q'CS|,2'Qm' where

N, isthe number of transmission layers of the PUSCH;

Q,, isthe modulation order of the PUSCH.

The output bit sequence after rate matching isdenoted as f, f,, f

R

6.3.24.2.4 CG-UClI

For CG-UCI transmission on PUSCH, the number of coded modulation symbols per layer for CG-UCI transmission,
denoted as Q(; _y ¢ IS determined according to Clause 6.3.2.4.1.4, by setting the number of CRC bits L¢g_ycp = 0.

Theinput bit sequence to rate matching isd,, d,, d5, ..., dy_1.
Rate matching is performed according to Clause 5.4.3, by setting the rate matching output sequence length

E = Ny - Q¢g-uct - Q@m, Where
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- N, isthe number of transmission layers of the PUSCH;
- Q,, isthe modulation order of the PUSCH.

The output bit sequence after rate matching is denoted as fy, f1, f2, -, fr-1-

6.3.2.4.25 HARQ-ACK and CG-UCI

For HARQ-ACK and CG-UCI transmission on PUSCH, the number of coded modulation symbols per layer for HARQ-
ACK and CG-UCI transmission, denoted as Q 5k, is determined according to Clause 6.3.2.4.1.5, by setting the number
Of CRC bItS LACK = 0

Theinput bit sequence to rate matching isd,, d,, d5, ..., dy_1.

Rate matching is performed according to Clause 5.4.3, by setting the rate matching output sequence length E = N, -
Qhck * @m, Where

- N, isthe number of transmission layers of the PUSCH,;
- Q,, isthe modulation order of the PUSCH.

The output bit sequence after rate matching is denoted as fy, f1, f2, -, fr-1-

6.3.2.5 Code block concatenation

Code block concatenation is performed according to Clause 6.3.1.5, except that the valuesof E,, . and C

Clause 6.3.2.4.1.

ucl v gvenin

6.3.2.6 Multiplexing of coded UCI bits to PUSCH

The coded UCI bits are multiplexed onto PUSCH according to the proceduresin Clause 6.2.7.

7 Downlink transport channels and control information

7.1 Broadcast channel

Data arrives to the coding unit in the form of a maximum of one transport block every 80ms. The following coding
steps can be identified:

- Payload generation

- Scrambling

- Transport block CRC attachment
- Channel coding

- Rate matching

7.1.1 PBCH payload generation

Denote the bits in atransport block delivered to layer 1 by 8,,&,8,,8,...,8; ,, where A isthe payload size

generated by higher layers. The lowest order information bit &, is mapped to the most significant bit of the transport
block as defined in Clause 6.1.1 of [8, TS 38.321].

A Fa o B a

Generate the following additional timing related PBCH payload bits ﬁﬂ, e A+3""’_K+7'

where:
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a

az A+3

- A58y A+2?

20, arethe 4™, 39, 2", and 1% LSB of SFN, respectively;

- 8y, isthehalf framebit A g¢;

- if Lypgy = 10 asdefined in Clause 4.1 of [5, TS38.213],
az.s iISthe MSB of kggg as defined in Clause 7.4.3.1 of [4, TS 38.211].
aj.¢ ISTEserved.
az.- isthe MSB of candidate SS/PBCH block index.
- eseif Ly, = 20 asdefined in Clause 4.1 of [5, TS38.213],
aj.s isthe MSB of kggg as defined in Clause 7.4.3.1 of [4, TS 38.211].

Gi.6, Az, arethe 5™ and 4™ bits of the candidate SSYPBCH block index, respectively.

- eseif Ly, = 64 asdefined in Clause 4.1 of [5, TS38.213],

Gi.s, Airq, Az4, arethe 6, 51 and 4™ bits of the candidate SSYPBCH block index, respectively.
- dse

a;.5 iISthe MSB of kggp asdefined in Clause 7.4.3.1 of [4, TS 38.211].

Qe Af.7 AETESEIVEd.

- endif

Let A=A+8; jgu =0 Juge =107 jog =115 jope =141
fori=0to A-1
if & isan SFN bit
(i) = &'
Jsen = Jen +15
elseif @ isthe half radio frame bit
(i) = B

dsaif A+5<i<A+7

Ag(jo) = B

jsse = Jsse. +1;
ese

A (jop) = K

jOther = jOther +1;

end if
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end for

where L,,,, isthe number of candidate SSYPBCH blocksin a half frame according to Clause 4.1 of [5, TS38.213], and
thevalue of G(j) isgivenby Table7.1.1-1.

Table 7.1.1-1: Value of PBCH payload interleaver pattern G(j)

i G) i |6l d el |ei)] i |6 i |di)]ijei)| i |dl)
0 16 4 8 8 24 12 3 16 9 20 14 24 21 28 27
1 23 5 30 9 7 13 2 17 11 21 15 25 22 29 28
2 18 6 10 10 0 14 1 18 12 22 19 26 25 30 29
3 17 7 6 11 5 15 4 19 13 23 20 27 26 31 31

7.1.2 Scrambling

For PBCH transmission in aframe, the bit sequence a,,a,,a,,as3,...,a,4 iSscrambled into a bit sequence

a,,a,,a,,a,,..a,,, where a, =(a +s)mod2 for i=01...A-1ad §,,S,S,,S;,-.-,Sp4 iSgenerated according to
the following:

i=0;
j=0;
while i < A

if & correspondsto any one of the bits belonging to the candidate SS/PBCH block index, the half frame index, and
2" and 3" |east significant bits of the system frame number

§=0.
else
§=c(j+wM).
j=j+1;
end if
i=i+1;
end while
=N at the start of

each SFN satisfying mod(SFN,8)=0; M = A~3for L, = 40r L, =8 M =A—4forL,, =10,M=A-5

for L,,,, = 20,and M = A—6 for L,,, = 64, where L, isthe number of candidate SYPBCH blocksin a half
frame according to Clause 4.1 of [5, TS38.213]; and V is determined according to Table 7.1.2-1 using the 3" and 2"
LSB of the SFN in which the PBCH is transmitted.

The scrambling sequence c(i) isgiven by Clause 5.2.10f [4, TS38.211] and initialized with G

Table 7.1.2-1: Value of v for PBCH scrambling

(39 LSB of SFN, 2" LSB of SFN) Value of V
(0,0) 0
0,1) 1
(1,0) 2
1, 1) 3
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7.1.3 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. The input bit sequence is denoted by
a,,a,,a,,a,,...,a ., and the parity bitsby py, p;, P,, P3,..., P__1, Where A isthe payload sizeand L isthe
number of parity bits.

The parity bits are computed and attached to the BCH transport block according to Clause 5.1 by setting L to 24 bits
and using the generator polynomial g..,,.(D). resulting in the sequenceby, by, by, bs,...,bg 1, where B= A+L.

The bit sequence by, by, b,,bs,...,bg_; istheinput bit sequence c,,¢;,C,,C;,...,Cx_; to the channel encoder, where
¢ =b fori=01..,.B-1land K=B.

7.1.4  Channel coding

Information bits are delivered to the channel coding block. They are denoted by c,,c;,C,,Cs,...,Ck_; , Where K isthe
number of bits, and they are encoded via Polar coding according to Clause 5.3.1, by setting n_, =9, I, =1, n,c =0,

and nsl' =0.

After encoding the bits are denoted by d,d,,d,,d,,...,d, ,, Where N isthe number of coded bits.

7.1.5 Rate matching

The input bit sequence to rate matching is d,,d,,d

ST s N
The rate matching output sequence length E =864.

Rate matching is performed according to Clause 5.4.1 by setting |, =0.

The output bit sequence after rate matching isdenoted as f, f, f,

7.2 Downlink shared channel and paging channel

7.2.1  Transport block CRC attachment

Error detection is provided on each 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
lbyay,a,a,,a3,..,a,, and the parity bitsby py, p;, P2, Pz, P4, Where A isthe payload sizeand L isthe

number of parity bits. The lowest order information bit @, is mapped to the most significant bit of the transport block
asdefined in Clause 6.1.1 of [TS38.321].

The parity bits are computed and attached to the DL-SCH transport block according to Clause 5.1, by setting L to 24
bits and using the generator polynomial g ..,,.(D) if A>3824; and by setting L to 16 bits and using the generator

polynomial g..,;(D) otherwise.

The bits after CRC attachment are denoted by by, b,,b,,bs,...,bg ;, where B= A+ L.

7.2.2 LDPC base graph selection
For initial transmission of atransport block with coding rate R indicated by the MCS index according to Clause

5.1.3.1in[6, TS 38.214] and subsequent re-transmission of the same transport block, each code block of the transport
block is encoded with either LDPC base graph 1 or 2 according to the following:

ETSI



3GPP TS 38.212 version 16.7.0 Release 16 85 ETSI TS 138 212 V16.7.0 (2021-10)

- if AL292, orif A<3824 and R<0.67, orif R<0.25, LDPC base graph 2 is used;
- otherwise, LDPC base graph 1 is used,

where A isthe payload sizein Clause 7.2.1.

7.2.3 Code block segmentation and code block CRC attachment

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

Code block segmentation and code block CRC attachment are performed according to Clause 5.2.2.

The bits after code block segmentation are denoted by C, ¢, C;1,C; 2, Cr3.-.., Cr(k, -1) » Where I is the code block number
and K, isthe number of bits for code block number ' according to Clause 5.2.2.

7.2.4  Channel coding

Code blocks are delivered to the channel coding block. The bitsin a code block are denoted by
Cr0+Cr1,Cr2:Crasens Cr(k, -1) » Where I isthe code block number, and K, isthe number of bitsin code block number r .

The total number of code blocksis denoted by C and each code block isindividually LDPC encoded according to
Clause 5.3.2.

After encoding the bitsare denoted by d .,d ,,d ..d

0001, d, 5, r3,___,dr(Nﬁl),wherethevaluesof N, isgivenin Clause 5.3.2.

7.2.5 Rate matching

Coded bits for each code block, denotedas d ..d ..d .. d

0:d,1,d, 5, r3,___,olr(Nrfl),aredeliveredtotheratema[tchblock, where I is

the code block number, and N, is the number of encoded bitsin code block number r . The total number of code
blocksisdenoted by C and each code block isindividually rate matched according to Clause 5.4.2 by setting

I grm =1

After rate matching, the bitsaredenoted by f _ f . f . f f

vor Fias Fron frapens r(Eﬁl),whereEr is the number of rate matched bits for

code block number I .

7.2.6 Code block concatenation

The input bit sequence for the code block concatenation block arethe sequences f  f  f . f f

ro0 'rir Tr2y Tr30me Ie(E-1)

r=0,.,C-1 and where E, isthe number of rate matched bits for the r -th code block.

, for

Code block concatenation is performed according to Clause 5.5.

The bits after code block concatenation are denoted by g, 9, 9,, Js5--., Jg - Where G isthe total number of coded bits
for transmission.

7.3 Downlink control information
A DCI transports downlink control information for one or more cells with one RNTI.
The following coding steps can be identified:

- Information element multiplexing

- CRC attachment

- Channel coding
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- Rate matching

7.3.1 DCI formats

The DCI formats defined in table 7.3.1-1 are supported.

Table 7.3.1-1: DCI formats

DCI format Usage
00 Scheduling of PUSCH in one cell
Scheduling of one or multiple PUSCH in one cell, or
01 indicating downlink feedback information for configured

grant PUSCH (CG-DFI)

Scheduling of PUSCH in one cell

Scheduling of PDSCH in one cell

Scheduling of PDSCH in one cell, and/or triggering one
shot HARQ-ACK codebook feedback

Scheduling of PDSCH in one cell

Notifying a group of UEs of the slot format, available RB
- sets, COT duration and search space set group switching
Notifying a group of UEs of the PRB(s) and OFDM

2.1 symbol(s) where UE may assume no transmission is
intended for the UE

22 Transmission of TPC commands for PUCCH and PUSCH
Transmission of a group of TPC commands for SRS
transmissions by one or more UEs

Notifying a group of UEs of the PRB(s) and OFDM

2.4 symbol(s) where UE cancels the corresponding UL
transmission from the UE

Notifying the availability of soft resources as defined in

2.5 Clause 9.3.1 of [10, TS 38.473]

26 Notifying the power saving information outside DRX Active
- Time for one or more UEs

30 Scheduling of NR sidelink in one cell

31 Scheduling of LTE sidelink in one cell

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

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 &, 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 &,.

If the number of information bitsin a DCI format is less than 12 bits, zeros shall be appended to the DCI format until
the payload size equals 12.

The size of each DCI format is determined by the configuration of the corresponding active bandwidth part of the
scheduled cell and shall be adjusted as described in clause 7.3.1.0 if necessary.

If aUE is configured with pdsch-HARQ-ACK-CodebookList-r16, pdsch-HARQ-ACK-Codebook is replaced by the
relevant entry in pdsch-HARQ-ACK-CodebookList-r16 in this clause.

7.3.1.0 DCI size alignment

If necessary, padding or truncation shall be applied to the DCI formats according to the following steps executed in the
order below:

Step O:
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- Determine DCI format 0_0 monitored in a common search space according to clause 7.3.1.1.1 where NSLBWP is
the size of theinitial UL bandwidth part.

DLBWP
NRB

- Determine DCI format 1_0 monitored in a common search space according to clause 7.3.1.2.1 where is

given by
- thesizeof CORESET 0 if CORESET 0 is configured for the cell; and
- thesizeof initial DL bandwidth part if CORESET 0 is not configured for the cell.

- If DCI format 0_0 is monitored in common search space and if the number of information bitsin the DCI format
0_0 prior to padding is less than the payload size of the DCI format 1_0 monitored in common search space for
scheduling the same serving cell, a number of zero padding bits are generated for the DCI format 0_0 until the
payload size equals that of the DCI format 1_0.

- If DCI format 0_0 is monitored in common search space and if the number of information bitsin the DCI format
0_0 prior to truncation is larger than the payload size of the DCI format 1_0 monitored in common search space
for scheduling the same serving cell, the bitwidth of the frequency domain resource assignment field in the DCI
format 0_0 is reduced by truncating the first few most significant bits such that the size of DCI format 0_0
equals the size of the DCI format 1_0.

Step 1:

- Determine DCI format 0_0 monitored in a UE-specific search space according to clause 7.3.1.1.1 where Ny5EWP
isthe size of the active UL bandwidth part.

- Determine DCI format 1_0 monitored in a UE-specific search space according to clause 7.3.1.2.1 where Ns®"*

isthe size of the active DL bandwidth part.

- For aUE configured with supplementaryUplink in ServingCellConfig in acell, if PUSCH is configured to be
transmitted on both the SUL and the non-SUL of the cell and if the number of information bitsin DCI format
0_0in UE-specific search space for the SUL is not equal to the number of information bitsin DCI format 0_Oin
UE-specific search space for the non-SUL, a number of zero padding bits are generated for the smaller DCI
format 0_O until the payload size equals that of the larger DCI format O_O.

- If DCI format 0_0 is monitored in UE-specific search space and if the number of information bitsin the DCI
format 0_O prior to padding is less than the payload size of the DCI format 1_0 monitored in UE-specific search
space for scheduling the same serving cell, a number of zero padding bits are generated for the DCI format 0_0
until the payload size equals that of the DCI format 1_0.

- If DCI format 1_0 is monitored in UE-specific search space and if the number of information bitsin the DCI
format 1_0 prior to padding is less than the payload size of the DCI format 0_0 monitored in UE-specific search
space for scheduling the same serving cell, zeros shall be appended to the DCI format 1_0 until the payload size
equals that of the DCI format 0_0

Step 2:
- Determine DCI format 0_1 monitored in a UE-specific search space according to clause 7.3.1.1.2.
- Determine DCI format 1_1 monitored in a UE-specific search space according to clause 7.3.1.2.2.

- For aUE configured with supplementaryUplink in ServingCellConfig in acell, if PUSCH is configured to be
transmitted on both the SUL and the non-SUL of the cell and if the number of information bitsin format 0_1 for
the SUL is not equal to the number of information bitsin format 0_1 for the non-SUL, zeros shall be appended
to smaller format O_1 until the payload size equals that of the larger format 0_1.

- If thesize of DCI format 0_1 monitored in a UE-specific search space equals that of aDCI format 0_0/1 0
monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 0_1.

- Ifthesizeof DCI format 1_1 monitored in a UE-specific search space equals that of aDCI format 0_0/1 0
monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 1_1.

Step 2A:
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- Determine DCI format 0_2 monitored in a UE-specific search space according to clause 7.3.1.1.3.

- Determine DCI format 1_2 monitored in a UE-specific search space according to clause 7.3.1.2.3.

- For aUE configured with supplementaryUplink in ServingCellConfig in acell, if PUSCH is configured to be
transmitted on both the SUL and the non-SUL of the cell and if the number of information bitsin format 0_2 for
the SUL is not equal to the number of information bitsin format 0_2 for the non-SUL, zeros shall be appended
to smaller format O_2 until the payload size equals that of the larger format 0_2.

Step 3:

- If both of the following conditions are fulfilled the size alignment procedure is complete

Step 4:

the total number of different DCI sizes configured to monitor is no more than 4 for the cell

the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell

- Otherwise

Step 4A:

Remove the padding bit (if any) introduced in step 2 above.

Determine DCI format 1_0 monitored in a UE-specific search space according to clause 7.3.1.2.1 where
Npes®"" is given by

- thesize of CORESET 0 if CORESET 0 is configured for the cell; and

- thesizeof initial DL bandwidth part if CORESET 0 is not configured for the cell.

Determine DCI format 0_0 monitored in a UE-specific search space according to clause 7.3.1.1.1 where
Nys WP isthe size of theinitial UL bandwidth part.

If the number of information bitsin the DCI format 0_0 monitored in a UE-specific search space prior to
padding is less than the payload size of the DCI format 1_0 monitored in UE-specific search space for
scheduling the same serving cell, a number of zero padding bits are generated for the DCI format 0_0
monitored in a UE-specific search space until the payload size equal s that of the DCI format 1_0 monitored
in a UE-specific search space.

If the number of information bitsin the DCI format 0_0 monitored in a UE-specific search space prior to
truncation is larger than the payload size of the DCI format 1_0 monitored in UE-specific search space for
scheduling the same serving cell, the bitwidth of the frequency domain resource assignment field in the DCI
format 0_0 is reduced by truncating the first few most significant bits such that the size of DCI format 0_0
monitored in a UE-specific search space equals the size of the DCI format 1_0 monitored in a UE-specific
search space.

Step 4B:

If the total number of different DCI sizes configured to monitor is more than 4 for the cell after applying the
above steps, or if the total number of different DCI sizes with C-RNTI configured to monitor is more than 3
for the cell after applying the above steps

- If the number of information bitsin the DCI format O_2 prior to padding is less than the payload size of
the DCI format 1_2 for scheduling the same serving cell, a number of zero padding bits are generated for
the DCI format 0_2 until the payload size equals that of the DCI format 1_2.

- If the number of information bitsin the DCI format 1 _2 prior to padding is less than the payload size of
the DCI format 0_2 for scheduling the same serving cell, zeros shall be appended to the DCI format 1_2
until the payload size equals that of the DCI format 0_2.

Step 4C:
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- If thetotal number of different DCI sizes configured to monitor is more than 4 for the cell after applying the
above steps, or if the total number of different DCI sizes with C-RNTI configured to monitor is more than 3
for the cell after applying the above steps

- If the number of information bitsin the DCI format O_1 prior to padding is |less than the payload size of
the DCI format 1_1 for scheduling the same serving cell, a number of zero padding bits are generated for
the DCI format 0_1 until the payload size equals that of the DCI format 1_1.

- If the number of information bitsin the DCI format 1 _1 prior to padding is less than the payload size of
the DCI format 0_1 for scheduling the same serving cell, zeros shall be appended to the DCI format 1_1
until the payload size equals that of the DCI format 0_1.

The UE is not expected to handle a configuration that, after applying the above steps, resultsin

the total number of different DCI sizes configured to monitor is more than 4 for the cell; or
the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell; or

the size of DCI format 0_0 in a UE-specific search space is equal to DCI format O_1 in another UE-specific
search space; or

the size of DCI format 1_0 in a UE-specific search spaceis equal to DCI format 1_1 in another UE-specific
search space; or

the size of DCI format 0_0 in a UE-specific search spaceis equal to DCI format 0_2 in another UE-specific
search space when at least one pair of the corresponding PDCCH candidates of DCI formats0_0and 0 _2 are
mapped to the same resource; or

the size of DCI format 1_0 in a UE-specific search space is equal to DCI format 1_2 in another UE-specific
search space when at least one pair of the corresponding PDCCH candidates of DCI formats1 Oand 1 2 are
mapped to the same resource; or

the size of DCI format 0_1 in a UE-specific search space is equal to DCI format O_2 in the same or another UE-
specific search space when at least one pair of the corresponding PDCCH candidates of DCI formats0_1 and
0_2 are mapped to the same resource; or

the size of DCI format 1_1 in a UE-specific search spaceis equal to DCI format 1_2 in the same or another UE-
specific search space when at least one pair of the corresponding PDCCH candidates of DCI formats 1 1 and
1 2 are mapped to the same resource.

7.3.1.0.1 DCI size alignment for DCI formats for scheduling of sidelink

If DCI format 3_0 or DCI format 3_1 is monitored on a cell, DCI size alignment for DCI format 3_0 and DCI format
3 1isperformed as described in this clause after performing the DCI size alignment described in Clause 7.3.1.0. The
size(s) of the DCI formats configured to monitor for a cell in this clause refersto that after performing the DCI size
alignment described in Clause 7.3.1.0.

If DCI format 3_0 or DCI format 3_1 is monitored on a cell and the total number of DCI sizes of the DCI formats
configured to monitor for the cell and DCI format 3_0 or DCI format 3_1 is more than 4, zeros shall be appended to
DCI format 3_0if configured and DCI format 3_1 if configured, until the payload size of DCI format 3_0 or DCI
format 3_1 equalsthat of the smallest DCI format configured to monitor for the cell that is larger than DCI format 3 0
or DCI format 3_1.

The UE is not expected to handle a configuration that resultsin:

the total number of different DCI sizes configured to monitor for the cell and DCI format 3_0 or DCI format 3_1
is more than 4; and

the payload size of DCI format 3_0 or DCI format 3_1 islarger than the payload size of all other DCI formats
configured to monitor for the cell.
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7.31.1 DCI formats for scheduling of PUSCH

7.3.1.1.1 Format0_O
DCI format 0_0 is used for the scheduling of PUSCH in one cell.

The following information is transmitted by means of the DCI format 0_0 with CRC scrambled by C-RNTI or CS-
RNTI or MCS-C-RNTI:

- ldentifier for DCI formats— 1 bit
- Thevaue of thishit field is always set to 0, indicating an UL DCI format

- Frequency domain resource assignment — number of bits determined by the following:

- ’—I 09, (N BYP (N ®Y +1) / 2)-‘ bitsif neither of the higher layer parameters usel nterlacePUCCH-PUSCH

in BWP-UplinkCommon and uselnterlacePUCCH-PUSCH in BWP-UplinkDedicated is configured, where
Ny BWP is defined in clause 7.3.1.0

- For PUSCH hopping with resource allocation type 1:

- Ny oy MSB bits are used to indicate the frequency offset according to Clause 6.3 of [6, TS 38.214],
where Ny, ., =1 if the higher layer parameter frequencyHoppingOffsetLists contains two offset

vauesand Ny, = 2 if the higher layer parameter frequencyHoppingOffsetLists contains four offset
values

- ’_I 0g,(Ngs®""(Ngs =P +1)/2)-‘ — Ny nep bits provide the frequency domain resource allocation
according to Clause 6.1.2.2.2 of [6, TS 38.214]

- For non-PUSCH hopping with resource allocation type 1:

- ’—I 00, (Nas PP (N +12)/ 2)-‘ bits provide the frequency domain resource allocation according to
Clause 6.1.2.2.2 of [6, TS 38.214]

- If any of the higher layer parameters usel nterlacePUCCH-PUSCH in BWP-UplinkCommon and
uselnterlacePUCCH-PUSCH in BWP-UplinkDedicated is configured

- 5+Y bits provide the frequency domain resource allocation according to Clause 6.1.2.2.3 of [6, TS
38.214] if the subcarrier spacing for the active UL bandwidth part is 30 kHz.

- 6+Y bits provide the frequency domain resource allocation according to Clause 6.1.2.2.3 of [6, TS
38.214] if the subcarrier spacing for the active UL bandwidth part is 15 kHz.

If the DCI format O_0 is monitored in a UE-specific search space, the value of Y is determined by

Nigserus(Vabeserur*+1) BWP ; ; . -
[logz ( = )] where Nyg's.. 1. iS the number of RB sets contained in the active UL BWP as

defined in clause 7 of [6, TS38.214]. If the DCI 0_0 is monitored in acommon search space Y = 0.

- Time domain resource assignment — 4 bits as defined in Clause 6.1.2.1 of [6, TS 38.214]

- Frequency hopping flag — 1 bit according to Table 7.3.1.1.1-3, asdefined in Clause 6.3 of [6, TS 38.214]
- Modulation and coding scheme — 5 bits as defined in Clause 6.1.4.1 of [6, TS 38.214]

- New dataindicator — 1 bit

- Redundancy version — 2 hitsas defined in Table 7.3.1.1.1-2

- HARQ process number — 4 bits

- TPC command for scheduled PUSCH — 2 bits as defined in Clause 7.1.1 of [5, TS 38.213]
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Channel Access-CPext — 2 bits indicating combinations of channel access type and CP extension as defined in
Table7.3.1.1.1-4, or Table 7.3.1.1.1-4A if Channel AccessMode-r16 = "semistatic" is provided, for operation in a
cell with shared spectrum channel access; 0 bit otherwise.

Padding bits, if required.

UL/SUL indicator — 1 bit for UEs configured with supplementaryUplink in ServingCellConfig in the cell as
defined in Table 7.3.1.1.1-1 and the number of bitsfor DCI format 1_0 before padding islarger than the number
of bitsfor DCI format 0_0 before padding; O bit otherwise. The UL/SUL indicator, if present, locatesin the last
bit position of DCI format O_0, after the padding bit(s).

If the UL/SUL indicator is present in DCI format 0_0 and the higher layer parameter pusch-Config is not
configured on both UL and SUL the UE ignores the UL/SUL indicator field in DCI format 0_0, and the
corresponding PUSCH scheduled by the DCI format O_0 isfor the UL or SUL for which high layer
parameter pucch-Config is configured;

If the UL/SUL indicator is not present in DCI format 0_0 and pucch-Config is configured, the corresponding
PUSCH scheduled by the DCI format 0_0 isfor the UL or SUL for which high layer parameter pucch-Config
is configured.

If the UL/SUL indicator is not present in DCI format 0_0 and pucch-Config is not configured, the
corresponding PUSCH scheduled by the DCI format O_0 is for the uplink on which the latest PRACH is
transmitted.

The following information is transmitted by means of the DCI format 0_0 with CRC scrambled by TC-RNTI:

Identifier for DCI formats— 1 bit

The value of thisbit field is always set to O, indicating an UL DCI format

Frequency domain resource assignment — number of bits determined by the following:

’—I 0g,(Ngs ™" (Ngs ™" +1) / 2)-‘ bitsif the higher layer parameter uselnterlacePUCCH-PUSCH in BWP-

RB RB
UplinkCommon is not configured, where

- NeBWP isthe size of theinitial UL bandwidth part.
- For PUSCH hopping with resource allocation type 1:

- Ny MSB bits are used to indicate the frequency offset according to Table 8.3-1 in Clause 8.3 of
[5, TS38.213], where Ny po, =1 if N2B"P <50 and Ny o, =2 otherwise

- ’—I 0d, (Nme ®" (N 2" +12)/ 2)-‘ — Ny__nop bits provide the frequency domain resource allocation
according to Clause 6.1.2.2.2 of [6, TS 38.214]
- For non-PUSCH hopping with resource allocation type 1:
- ’—I 00, (Ngs ™" (Nrs®" +1)/ 2)-‘ bits provide the frequency domain resource allocation according to
Clause 6.1.2.2.2 of [6, TS 38.214]
If the higher layer parameter usel nterlacePUCCH-PUSCH in BWP-UplinkCommon is configured

- 5 bits provide the frequency domain resource allocation according to Clause 6.1.2.2.3 of [6, TS 38.214] if
the subcarrier spacing for the active UL bandwidth part is 30 kHz

- 6 bits provide the frequency domain resource allocation according to Clause 6.1.2.2.3 of [6, TS 38.214] if
the subcarrier spacing for the active UL bandwidth part is 15 kHz

Time domain resource assignment — 4 bits as defined in Clause 6.1.2.1 of [6, TS 38.214]

Freguency hopping flag — 1 bit according to Table 7.3.1.1.1-3, as defined in Clause 6.3 of [6, TS 38.214]
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- Modulation and coding scheme — 5 hits as defined in Clause 6.1.4.1 of [6, TS 38.214]

- New dataindicator — 1 bit, reserved

- Redundancy version — 2 bits as defined in Table 7.3.1.1.1-2

- HARQ process number — 4 bits, reserved

- TPC command for scheduled PUSCH — 2 bits as defined in Clause 7.1.1 of [5, TS 38.213]

- Channel Access-CPext — 2 hits indicating combinations of channel access type and CP extension as defined in
Table7.3.1.1.1-4, or Table 7.3.1.1.1-4A if Channel AccessMode-r16 = "semistatic" is provided, for operation in a
cell with shared spectrum channel access; 0 bit otherwise

- Padding bits, if required.

- UL/SUL indicator — 1 bit if the cell hastwo ULs and the number of bits for DCI format 1_0 before padding is
larger than the number of bits for DCI format 0_0 before padding; O bit otherwise. The UL/SUL indicator, if
present, locatesin the last bit position of DCI format 0_0, after the padding bit(s).

- If 1 bit, reserved, and the corresponding PUSCH is aways on the same UL carrier as the previous
transmission of the same TB

Table 7.3.1.1.1-1: UL/SUL indicator

Value of UL/SUL indicator Uplink
0 The non-supplementary uplink
1 The supplementary uplink

Table 7.3.1.1.1-2: Redundancy version

Value of the Redundancy
version field
00
01
10
11

Value of rv,, to be applied

WIN|RL|O

Table 7.3.1.1.1-3: Frequency hopping indication

Bit field mapped to index PUSCH frequency hopping
0 Disabled
1 Enabled
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Table 7.3.1.1.1-4: Channel access type & CP extension for DCI format 0_0 and DCI format 1_0

The CP extension T _"ext" index
Bit field mapped to index Channel Access Type defined in Clause 5.3.1 of [4, TS
38.211]
0 Type2C-ULChannelAccess 2
defined in [clause 4.2.1.2.3 in
37.213]
1 Type2A-ULChannelAccess 3
defined in [clause 4.2.1.2.1in
37.213]
2 Type2A-ULChannelAccess 1
defined in [clause 4.2.1.2.1 in
37.213]
3 Typel-ULChannelAccess defined 0
in [clause 4.2.1.1 in 37.213]

Table 7.3.1.1.1-4A: Channel access type & CP extension if ChannelAccessMode-r16 = "semistatic" is

provided
The CP extension T_"ext" index
Bit field mapped to index Channel Access Type defined in Clause 5.3.1 of [4, TS
38.211]
0 No sensing as defined in Clause 0
4.3in TS 37.213
1 No sensing as defined in Clause 2
4.3in TS 37.213
2 9us sensing within a 25us interval 0
as defined in Clause 4.3in TS
37.213
3 - -
7.3.1.1.2 Format 0_1

DCI format 0_1 isused for the scheduling of one or multiple PUSCH in one cell, or indicating CG downlink feedback

information (CG-DFI) to a UE.

The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by C-RNTI or CS-
RNTI or SP-CSI-RNTI or MCS-C-RNTI:

- ldentifier for DCI formats— 1 bit

- Thevaue of thishit field is always set to 0, indicating an UL DCI format

- Carrier indicator — 0 or 3 bits, as defined in Clause 10.1 of [5, TS38.213].

- DFI flag—0or 1 bit

- 1hitif the UE is configured to monitor DCI format 0_1 with CRC scrambled by CS-RNTI and for operation
in a cell with shared spectrum channel access. For aDCI format 0_1 with CRC scrambled by CS-RNTI, the
bit value of 0 indicates activating or releasing type 2 CG transmission and the bit value of 1 indicates CG-
DFI. For aDCI format 0_1 with CRC scrambled by C-RNTI/SP-CSI-RNTI/MCS-C-RNTI and for operation

in acell with shared spectrum channel access, the bit is reserved.

- 0hit otherwise;

If DCI format 0_1 isused for indicating CG-DFI, all the remaining fields are set as follows:

- HARQ-ACK bitmap — 16 bits, where the order of the bitmap to HARQ process index mapping is such that
HARQ processindices are mapped in ascending order from MSB to LSB of the bitmap. For each bit of the
bitmap, value 1 indicates ACK, and value 0 indicates NACK.

- TPC command for scheduled PUSCH — 2 hits as defined in Clause 7.1.1 of [5, TS38.213]
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All the remaining bitsin format 0_1 are set to zero.

Otherwise, al the remaining fields are set as follows:

UL/SUL indicator — 0 bit for UEs not configured with supplementaryUplink in ServingCellConfig in the cell or
UEs configured with supplementaryUplink in ServingCellConfig in the cell but only one carrier in the cell is
configured for PUSCH transmission; otherwise, 1 bit as defined in Table 7.3.1.1.1-1.

Bandwidth part indicator — O, 1 or 2 bits as determined by the number of UL BWPs Mewprre configured by

higher layers, excluding the initial UL bandwidith part. The bitwidith for this field is determined as [log, () |
bits, where

Nawe = MNawpgrre +11f Ngypeee <3, iN Which case the bandwidth part indicator is equivalent to the ascending
order of the higher layer parameter BWP-Id;

- otherwise Nngye = Ngyprec. 1IN Which case the bandwidth part indicator is defined in Table 7.3.1.1.2-1;

If a UE does not support active BWP change via DCI, the UE ignores this bit field.

Frequency domain resource assignment — number of bits determined by the following, where N&5-BWP isthe size
of the active UL bandwidth part:

- If higher layer parameter usel nterlacePUCCH-PUSCH in BWP-UplinkDedicated is not configured

bitsif only resource allocation type O is configured, where N isdefined in Clause 6.1.2.2.1 of

N RBG RBG

[6, TS 38.214],

- ’—I 00, (Nas ®P (N ®Y +1) / 2)-‘ bitsif only resource allocation type 1 is configured, or

max (]_logz(N,g;BWP (N & BWP +1)/2)-‘ N e )+1 bitsif resourceAllocation is configured as

‘dynamicSwitch'.

- If resourceAllocation is configured as ‘dynamicSnitch', the M SB bit is used to indicate resource
alocation type O or resource allocation type 1, where the bit value of 0 indicates resource alocation type
0 and the bit value of 1 indicates resource allocation type 1.

- For resource alocation type 0, the N
6.1.2.2.1 of [6, TS 38.214].

sc LSBs provide the resource allocation as defined in Clause

- For resource allocation type 1, the ’_I 09, (Ngs ®""(Ngs " +12)/ 2)-‘ L SBs provide the resource allocation
asfollows:

- For PUSCH hopping with resource allocation type 1:

- Ny nep MSB bits are used to indicate the frequency offset according to Clause 6.3 of [6, TS
38.214], where Ny, o, =1 if the higher layer parameter frequencyHoppingOffsetLists contains

two offset valuesand Ny, = 2 if the higher layer parameter frequencyHoppingOffsetLists
contains four offset values

- ’_I 0g,(Ngs®""(Ngs P +1)/2)-‘ — Ny nep bits provide the frequency domain resource allocation
according to Clause 6.1.2.2.2 of [6, TS 38.214]

- For non-PUSCH hopping with resource allocation type 1:

- ’—I 09, (Ngs®" (NS B +1)/ 2)-‘ bits provide the frequency domain resource allocation according
to Clause 6.1.2.2.2 of [6, TS 38.214]

If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and if
resourceAllocation is configured as 'dynamicSwitch' for the indicated bandwidth part, the UE assumes
resource alocation type O for the indicated bandwidth part if the bitwidth of the "Frequency domain resource
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assignment" field of the active bandwidth part is smaller than the bitwidth of the "Frequency domain resource
assignment" field of the indicated bandwidth part.

If the higher layer parameter usel nterlacePUCCH-PUSCH in BWP-UplinkDedicated is configured

- 5+ bhits provide the frequency domain resource allocation according to Clause 6.1.2.2.3 of [6, TS
38.214] if the subcarrier spacing for the active UL bandwidth part is 30 kHz. The 5 MSBs provide the
interlace allocation and the Y LSBs provide the RB set allocation.

- 6+ Y bits provide the frequency domain resource allocation according to Clause 6.1.2.2.3 of [6, TS
38.214] if the subcarrier spacing for the active UL bandwidth part is 15 kHz. The 6 MSBs provide the
interlace allocation and the Y LSBs provide the RB set allocation.

BWP BWP
The value of Y is determined by [logz (NRB‘Set'UL(A;RB‘S“'ULH))] where Ngg'e u. isthe number of RB sets

contained in the active UL BWP as defined in clause 7 of [6, TS38.214].

- Timedomain resource assignment —0, 1, 2, 3, 4, 5, or 6 bits

If the higher layer parameter pusch-TimeDomainAllocationListDCI-0-1 is not configured and if the higher
layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is not configured and if the higher layer
parameter pusch-TimeDomainAllocationList is configured, 0, 1, 2, 3, or 4 bits as defined in Clause 6.1.2.1 of

[6, TS38.214]. The bitwidth for thisfield is determined as [1og, (1) ] bits, where| isthe number of entriesin
the higher layer parameter pusch-TimeDomainAllocationList;

If the higher layer parameter pusch-TimeDomainAllocationListDCI-0-1 is configured or if the higher layer
parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured, O, 1, 2, 3, 4, 5 or 6 bitsas
defined in Clause 6.1.2.1 of [6, TS38.214]. The bitwidth for thisfield is determined as [log, (I)] bits, where |
is the number of entriesin the higher layer parameter pusch-TimeDomainAllocationListDCI-0-1 or pusch-
TimeDomainAllocationListForMultiPUSCH;

otherwise the bitwidth for thisfield is determined as [log, (1)] bits, where | isthe number of entriesin the
default table.

- Frequency hopping flag — 0 or 1 bit:

0 bit if only resource allocation type O is configured, or if the higher layer parameter frequencyHopping is not
configured and the higher layer parameter pusch-RepTypel ndicatorDCI-0-1 is not configured to pusch-
RepTypeB, or if the higher layer parameter frequencyHoppingDCI-0-1 is not configured and pusch-
RepTypelndicatorDCI-0-1 is configured to pusch-RepTypeB, or if only resource alocation type 2 is
configured;

1 bit according to Table 7.3.1.1.1-3 otherwise, only applicable to resource alocation type 1, as defined in
Clause 6.3 of [6, TS 38.214].

- Modulation and coding scheme — 5 bits as defined in Clause 6.1.4.1 of [6, TS 38.214]

- New dataindicator — 1 bit if the number of scheduled PUSCH indicated by the Time domain resource
assignment field is 1; otherwise 2, 3, 4, 5, 6, 7 or 8 bits determined based on the maximum number of
schedulable PUSCH among all entriesin the higher layer parameter pusch-
TimeDomainAllocationListForMultiPUSCH, where each bit corresponds to one scheduled PUSCH as defined in
clause6.1.4in[6, TS 38.214].

- Redundancy version —— number of bits determined by the following:

2 bitsas defined in Table 7.3.1.1.1-2 if the number of scheduled PUSCH indicated by the Time domain
resource assignment field is 1;

otherwise 2, 3, 4, 5, 6, 7 or 8 bits determined by the maximum number of schedulable PUSCHs among all
entries in the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH, where each bit
corresponds to one scheduled PUSCH as defined in clause 6.1.4 in [6, TS 38.214] and redundancy version is
determined according to Table 7.3.1.1.2-34.

- HARQ process number — 4 bits
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- 18 downlink assignment index — 1, 2 or 4 bits:
- 1 bit for semi-static HARQ-ACK codebook;

- 2 bitsfor dynamic HARQ-ACK codebook, or for enhanced dynamic HARQ-ACK codebook without UL-
Total DAI-Included configured;

- 4 bitsfor enhanced dynamic HARQ-ACK codebook and with UL-TotalDAI-Included = true.

When two HARQ-ACK codebooks are configured for the same serving cell and if higher layer parameter
prioritylndicatorDCI-0-1 is configured, if the bit width of the 1% downlink assignment index in DCI format
0_1 for one HARQ-ACK codebook is not equal to that of the 1% downlink assignment index in DCI format
0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to
smaller 1% downlink assignment index until the bit width of the 1% downlink assignment index in DCI format
0_1 for the two HARQ-ACK codebooks are the same.

- 2" downlink assignment index — 0, 2 or 4 bits:

- 2 bitsfor dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks, or for enhanced dynamic
HARQ-ACK codebook with two HARQ-ACK sub-codebooks and without UL-Total DAI-Included
configured;

- 4 bitsfor enhanced dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks and with UL-
Total DAI-Included = true;

- 0 bit otherwise.

When two HARQ-ACK codebooks are configured for the same serving cell and if higher layer parameter
prioritylndicatorDCI-0-1 is configured, if the bit width of the 2" downlink assignment index in DCI format
0_1 for one HARQ-ACK codebook is not equal to that of the 2™ downlink assignment index in DCI format
0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0" are inserted to
smaller 2™ downlink assignment index until the bit width of the 2™ downlink assignment index in DCI
format 0_1 for the two HARQ-ACK codebooks are the same.

- TPC command for scheduled PUSCH — 2 hits as defined in Clause 7.1.1 of [5, TS38.213]

min{l—max !NSRS}

- SRSresource indicator —Pogz[ (Nzasjﬂ or [10g,(Ngs) | bits, where Ny isthe number of

k=1

configured SRS resources in the SRS resource set configured by higher layer parameter srs-
ResourceSetToAddModList, and associated with the higher layer parameter usage of value ‘codeBook' or
'nonCodeBook,

min{l—max !NSRS}
- {Iogz[ > [Ni‘?gjﬂ bits according to Tables 7.3.1.1.2-28/29/30/31 if the higher layer parameter

k=1
txConfig = nonCodebook, where Ny isthe number of configured SRS resources in the SRS resource set

configured by higher layer parameter srs-ResourceSetToAddModList, and associated with the higher layer
parameter usage of value 'nonCodeBook' and

- if UE supports operation with maxMIMO-Layers and the higher layer parameter maxMIMO-Layers of
PUSCH-ServingCellConfig of the serving cell is configured, Liyax iS given by that parameter

- otherwise, Lmax is given by the maximum number of layers for PUSCH supported by the UE for the
serving cell for non-codebook based operation.

- [log,(Ngs)] bits according to Tables 7.3.1.1.2-32, 7.3.1.1.2-32A and 7.3.1.1.2-328 if the higher layer

parameter txConfig = codebook, where N is the number of configured SRS resources in the SRS resource

set configured by higher layer parameter srs-ResourceSetToAddModList, and associated with the higher layer
parameter usage of value 'codeBook'.

- Precoding information and number of layers — number of bits determined by the following:

- Obitsif the higher layer parameter txConfig = nonCodeBook;
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0 bitsfor 1 antenna port and if the higher layer parameter txConfig = codebook;

4,5, or 6 hits according to Table 7.3.1.1.2-2 for 4 antenna ports, if txConfig = codebook, ul-
FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower,
transform precoder is disabled, and according to the values of higher layer parameters maxRank, and
codebookSubset;

4 or 5 bits according to Table 7.3.1.1.2-2A for 4 antenna ports, if txConfig = codebook, ul-
FullPowerTransmission = fullpowerModel, maxRank=2, transform precoder is disabled, and according to
the values of higher layer parameter codebookSubset;

4 or 6 bits according to Table 7.3.1.1.2-2B for 4 antenna ports, if txConfig = codebook, ul-
FullPower Transmission = fullpowerModel, maxRank=3 or 4, transform precoder is disabled, and according
to the values of higher layer parameter codebookSubset;

2, 4, or 5 bits according to Table 7.3.1.1.2-3 for 4 antenna ports, if txConfig = codebook, ul-

FullPower Transmission is not configured or configured to fullpowerMode2 or configured to fullpower, and
according to whether transform precoder is enabled or disabled, and the values of higher layer parameters
maxRank, and codebookSubset;

3 or 4 bitsaccording to Table 7.3.1.1.2-3A for 4 antenna ports, if txConfig = codebook, ul-
FullPower Transmission = fullpowerModel, maxRank=1, and according to whether transform precoder is
enabled or disabled, and the values of higher layer parameter codebookSubset;

2 or 4 bits according to Table7.3.1.1.2-4 for 2 antenna ports, if txConfig = codebook, ul-
FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower,
transform precoder is disabled, and according to the values of higher layer parameters maxRank and
codebookSubset;

2 bits according to Table 7.3.1.1.2-4A for 2 antenna ports, if txConfig = codebook, ul-
FullPower Transmission = fullpowerModel, transform precoder is disabled, maxRank=2, and
codebookSubset=nonCoherent;

1 or 3 bits according to Table7.3.1.1.2-5 for 2 antenna ports, if txConfig = codebook, ul-

FullPower Transmission is not configured or configured to full powerMode2 or configured to fullpower, and
according to whether transform precoder is enabled or disabled, and the values of higher layer parameters
maxRank and codebookSubset;

2 bitsaccording to Table 7.3.1.1.2-5A for 2 antenna ports, if txConfig = codebook, ul-
FullPower Transmission = fullpowerModel, maxRank=1, and according to whether transform precoder is
enabled or disabled, and the values of higher layer parameter codebookSubset;

For the higher layer parameter txConfig=codebook, if ul-FullPower Transmission is configured to
fullpowerMode2, maxRank is configured to be larger than 2, and at least one SRS resource with 4 antenna ports
is configured in an SRS resource set with usage set to ‘codebook’ and an SRS resource with 2 antenna portsis
indicated via SRI in the same SRS resource set, then Table 7.3.1.1.2-4 is used.

For the higher layer parameter txConfig = codebook, if different SRS resources with different number of antenna
ports are configured, the bitwidth is determined according to the maximum number of portsin an SRS resource
among the configured SRS resources in an SRS resource set with usage set to ‘codebook’. If the number of ports
for a configured SRS resource in the set is less than the maximum number of portsin an SRS resource among the
configured SRS resources, a number of most significant bits with value set to '0' are inserted to the field.

- Antenna ports — number of bits determined by the following

2 bits as defined by Tables 7.3.1.1.2-6, if transform precoder is enabled, dmrs-Type=1, and maxLength=1,
except that dmrs-UplinkTransformPrecoding and tp-pi2BPK are both configured and 7i/2 BPSK modulation
is used;

2 bits as defined by Tables 7.3.1.1.2-6A, if transform precoder is enabled and dnrs-
UplinkTransformPrecoding and tp-pi2BPSK are both configured, n/2 BPSK modulation is used, dnmrs-
Type=1, and maxLength=1, where nscip is the scrambling identity for antenna ports defined in [Clause
6.4.1.1.1.2, TS38.211];

ETSI



3GPP TS 38.212 version 16.7.0 Release 16 98 ETSI TS 138 212 V16.7.0 (2021-10)

- 4 bitsasdefined by Tables 7.3.1.1.2-7, if transform precoder is enabled, dmrs-Type=1, and maxLength=2,
except that dmrs-UplinkTransformPrecoding and tp-pi2BPSK are both configured and /2 BPSK modulation
is used;

- 4 bitsasdefined by Tables 7.3.1.1.2-7A, if transform precoder is enabled and dmrs-
UplinkTransformPrecoding and tp-pi2BPSK are both configured, n/2 BPSK modulation is used, dmrs-
Type=1, and maxLength=2, where nscip is the scrambling identity for antenna ports defined in [Clause
6.4.1.1.1.2, TS38.211];

- 3 bitsasdefined by Tables 7.3.1.1.2-8/9/10/11, if transform precoder is disabled, dmrs-Type=1, and
maxLength=1, and the value of rank is determined according to the SRS resource indicator field if the higher
layer parameter txConfig = nonCodebook and according to the Precoding information and number of layers
field if the higher layer parameter txConfig = codebook;

- 4 bitsasdefined by Tables 7.3.1.1.2-12/13/14/15, if transform precoder is disabled, dmrs-Type=1, and
maxLength=2, and the value of rank is determined according to the SRS resource indicator field if the higher
layer parameter txConfig = nonCodebook and according to the Precoding information and number of layers
field if the higher layer parameter txConfig = codebook;

- 4 bitsasdefined by Tables 7.3.1.1.2-16/17/18/19, if transform precoder is disabled, dmrs-Type=2, and
maxLength=1, and the value of rank is determined according to the SRS resource indicator field if the higher
layer parameter txConfig = nonCodebook and according to the Precoding information and number of layers
field if the higher layer parameter txConfig = codebook;

- 5hitsasdefined by Tables 7.3.1.1.2-20/21/22/23, if transform precoder is disabled, dmrs-Type=2, and
maxLength=2, and the value of rank is determined according to the SRS resource indicator field if the higher
layer parameter txConfig = nonCodebook and according to the Precoding information and number of layers
field if the higher layer parameter txConfig = codebook.

where the number of CDM groups without data of values 1, 2, and 3in Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 refers
to CDM groups {0}, {0,1}, and {0, 1,2} respectively.

If aUE is configured with both dmrs-UplinkFor PUSCH-MappingTypeA and dmrs-UplinkFor PUSCH-
MappingTypeB, the bitwidth of this field equals MBX{X,,%;} , where X, isthe"Antenna ports’ bitwidth

derived according to dmrs-UplinkForPUSCH-MappingTypeA and X; isthe "Antennaports' bitwidth derived
according to dmrs-UplinkForPUSCH-MappingTypeB. A number of |XA —XB| zeros are padded in the MSB of
thisfield, if the mapping type of the PUSCH corresponds to the smaller value of X, and Xg.

- SRSrequest — 2 hits as defined by Table 7.3.1.1.2-24 for UEs not configured with supplementaryUplink in
ServingCellConfig in the cell; 3 bits for UEs configured with supplementaryUplink in ServingCellConfig in the
cell wherethe first bit is the non-SUL/SUL indicator as defined in Table 7.3.1.1.1-1 and the second and third bits
are defined by Table 7.3.1.1.2-24. This bit field may also indicate the associated CSI-RS according to Clause
6.1.1.2 of [6, TS 38.214].

- CSlrequest-0, 1, 2, 3, 4,5, or 6 bits determined by higher layer parameter reportTriggerSze.

- CBG transmission information (CBGTI) — 0 bit if higher layer parameter codeBlockGroupTransmission for
PUSCH is not configured or if the number of scheduled PUSCH indicated by the Time domain resource
assignment field is larger than 1; otherwise, 2, 4, 6, or 8 bits determined by higher layer parameter
maxCodeBlockGroupsPer TransportBlock for PUSCH.

-  PTRS-DMRS association — number of bits determined as follows

- 0bitif PTRSUplinkConfig is not configured in either dmrs-UplinkForPUSCH-MappingTypeA or dmrs-
UplinkFor PUSCH-MappingTypeB and transform precoder is disabled, or if transform precoder is enabled, or
if maxRank=1;

- 2 bitsotherwise, where Table 7.3.1.1.2-25 and 7.3.1.1.2-26 are used to indicate the association between
PTRS port(s) and DMRS port(s) when one PT-RS port and two PT-RS ports are configured by
maxNrofPorts in PTRS-UplinkConfig respectively, and the DMRS ports are indicated by the Antenna ports
field.
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If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and the
"PTRS-DMRS association” field is present for the indicated bandwidth part but not present for the active
bandwidth part, the UE assumes the "PTRS-DMRS association” field is not present for the indicated bandwidth
part.

- beta offset indicator — O if the higher layer parameter betaOffsets = semiSatic; otherwise 2 bits as defined by
Table9.3-3in[5, TS 38.213].

When two HARQ-ACK codebooks are configured for the same serving cell and if higher layer parameter
prioritylndicatorDCI-0-1 is configured, if the bit width of the beta_offset indicator in DCI format 0_1 for one
HARQ-ACK codebook is not equal to that of the beta offset indicator in DCI format 0_1 for the other HARQ-
ACK codebook, a number of most significant bits with value set to ‘0" are inserted to smaller beta_offset
indicator until the bit width of the beta offset indicator in DCI format 0_1 for the two HARQ-ACK codebooks
are the same.

-  DMRS sequenceinitiaization — 0 bit if transform precoder is enabled; 1 bit if transform precoder is disabled.
- UL-SCH indicator — 0 or 1 bit as follows

- 0bitif the number of scheduled PUSCH indicated by the Time domain resource assignment field is larger
than 1;

- 1hit otherwise. A value of "1" indicates UL-SCH shall be transmitted on the PUSCH and a value of "0"
indicates UL-SCH shall not be transmitted on the PUSCH. Except for DCI format 0_1 with CRC scrambled
by SP-CSI-RNTI, a UE is not expected to receive aDCI format 0_1 with UL-SCH indicator of "0" and CSI
request of al zero(s).

- Channel Access-CPext-CAPC -0, 1, 2, 3, 4, 5 or 6 bits. The bitwidth for this field is determined as [log, (1)]
bits, where | isthe number of entriesin the higher layer parameter ul-AccessConfigListDCI-0-1 or in Table
7.3.1.1.1-4A if Channel AccessMode-r16 = "semistatic” is provided, for operation in a cell with shared spectrum
channel access; otherwise 0 bit. One or more entries from Table 7.3.1.1.2-35 are configured by the higher layer
parameter ul-AccessConfigListDCI-0-1.

- Open-loop power control parameter set indication — 0 or 1 or 2 hits.
- Obitif the higher layer parameter p0-PUSCH-SetList is not configured;
- lor2bitsotherwise,
- 1hbitif SRSresourceindicator is present in the DCI format 0_1;

- 1or 2 bits as determined by higher layer parameter ol pc-Parameter SetDCI-0-1 if SRS resource indicator
isnot present in the DCI format 0_1.

- Priority indicator — O bit if higher layer parameter prioritylndicatorDCI-0-1 is not configured; otherwise 1 bit as
defined in Clause 9 in [5, TS 38.213].

- Invalid symbol pattern indicator — 0 bit if higher layer parameter invalidSymbol Patternindicator DCI-0-1 is not
configured; otherwise 1 bit as defined in Clause 6.1.2.1in [6, TS 38.214].

- Minimum applicable scheduling offset indicator — 0 or 1 bit
- Obitif higher layer parameter minimumSchedulingOffsetK2 is not configured;

- 1bitif higher layer parameter minimumSchedulingOffsetK2 is configured. The 1 bit indication is used to
determine the minimum applicable K2 for the active UL BWP and the minimum applicable KO value for the
active DL BWP, if configured respectively, according to Table 7.3.1.1.2-33. If the minimum applicable KO is
indicated, the minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL BWP
shall be the same as the minimum applicable KO value.

- SCell dormancy indication — 0 bit if higher layer parameter dormancyGroupWithinActiveTime is not configured,
otherwise 1, 2, 3, 4 or 5 bits bitmap determined according to higher layer parameter
dormancyGroupWithinActiveTime, where each bit corresponds to one of the SCell group(s) configured by higher
layers parameter dormancyGroupWithinActiveTime, with MSB to LSB of the bitmap corresponding to the first to
last configured SCell group. Thefield isonly present when this format is carried by PDCCH on the primary cell
within DRX Active Time and the UE is configured with at least two DL BWPs for an SCell.
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- Sidelink assignment index — 0, 1 or 2 hits:

- 1hitif the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static and, in addition, the UE is
configured with a SL configured grant type 1 or to monitor DCI format 3_0 with CRC scrambled by SL-
RNTI or SL-CS-RNTI;

- 2bitsif the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic and, in addition, the UE is
configured with a SL configured grant type 1 or to monitor DCI format 3_0 with CRC scrambled by SL-
RNTI or SL-CS-RNTI;

- 0hit otherwise.

A UE does not expect that the bit width of afield in DCI format 0_1 with CRC scrambled by CS-RNTI islarger than
corresponding bit width of samefield in DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell. If
the bit width of afield in the DCI format 0_1 with CRC scrambled by CS-RNTI is not equal to that of the
corresponding field in the DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell, a number of most
significant bits with value set to '0" are inserted to the field in DCI format 0_1 with CRC scrambled by CS-RNTI until
the bit width equal s that of the corresponding field in the DCI format 0_1 with CRC scrambled by C-RNTI for the same
serving cell.

If the number of information bitsin DCI format 0_1 scheduling a single PUSCH prior to padding is not equal to the
number of information bitsin DCI format 0_1 scheduling multiple PUSCHSs for the same serving cell, zeros shall be
appended to the DCI format 0_1 with smaller size until the payload size is the same for scheduling a single PUSCH and
multiple PUSCHSs.

Table 7.3.1.1.2-1: Bandwidth part indicator

Value of BWP_lndlcator field Bandwidth part
2 bits
00 Configured BWP with BWP-Id = 1
01 Configured BWP with BWP-Id = 2
10 Configured BWP with BWP-Id = 3
11 Configured BWP with BWP-Id = 4
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Table 7.3.1.1.2-2: Precoding information and number of layers, for 4 antenna ports, if transform
precoder is disabled, maxRank = 2 or 3 or 4, and ul-FullPowerTransmission is not configured or
configured to fullpowerMode2 or configured to fullpower

gg f'eg(jj codebookSubset = gg f'eé?j codebookSubset = gg f'eg(jj codebookSubset=

to iﬁgex fullyAndPartialAndNonCoherent to iggex partialAndNonCoherent to iﬁgex nonCoherent
0 1 layer: TPMI=0 0 1 layer: TPMI=0 0 1 layer: TPMI=0
1 1 layer: TPMI=1 1 1 layer: TPMI=1 1 1 layer: TPMI=1
3 1 layer: TPMI=3 3 1 layer: TPMI=3 3 1 layer: TPMI=3
4 2 layers: TPMI=0 4 2 layers: TPMI=0 4 2 layers: TPMI=0
9 2 layers: TPMI=5 9 2 layers: TPMI=5 9 2 layers: TPMI=5
10 3 layers: TPMI=0 10 3 layers: TPMI=0 10 3 layers: TPMI=0
11 4 layers: TPMI=0 11 4 layers: TPMI=0 11 4 layers: TPMI=0
12 1 layer: TPMI=4 12 1 layer: TPMI=4 12-15 reserved
19 1 layer: TPMI=11 19 1 layer: TPMI=11
20 2 layers: TPMI=6 20 2 layers: TPMI=6
27 2 layers: TPMI=13 27 2 layers: TPMI=13
28 3 layers: TPMI=1 28 3 layers: TPMI=1
29 3 layers: TPMI=2 29 3 layers: TPMI=2
30 4 layers: TPMI=1 30 4 layers: TPMI=1
31 4 layers: TPMI=2 31 4 layers: TPMI=2
32 1 layers: TPMI=12
47 1 layers: TPMI=27
48 2 layers: TPMI=14
55 2 layers: TPMI=21
56 3 layers: TPMI=3
59 3 layers: TPMI=6
60 4 layers: TPMI=3
61 4 layers: TPMI=4

62-63 reserved

Table 7.3.1.1.2-2A: Precoding information and number of layers for 4 antenna ports, if transform
precoder is disabled, maxRank = 2, and ul-FullPowerTransmission = fullpowerModel

rig f'eelfé codebookSubset = nlig f'e(l;:j codebookSubset=
PP partialAndNonCoherent P nonCoherent

to index to index
0 1 layer: TPMI=0 0 1 layer: TPMI=0
1 1 layer: TPMI=1 1 1 layer: TPMI=1
3 1 layer: TPMI=3 3 1 layer: TPMI=3
4 2 layers: TPMI=0 4 2 layers: TPMI=0
9 2 layers: TPMI=5 9 2 layers: TPMI=5
10 1 layer: TPMI=13 10 1 layer: TPMI=13
11 2 layer: TPMI=6 11 2 layer: TPMI=6
12 1 layer: TPMI=4 12-15 Reserved
20 1 layer: TPMI=12
21 1 layer: TPMI=14
22 1 layer: TPMI=15
23 2 layers: TPMI=7
29 2 layers: TPMI=13

30-31 Reserved
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Table 7.3.1.1.2-2B: Precoding information and number of layers for 4 antenna ports, if transform
precoder is disabled, maxRank = 3 or 4, and ul-FullPowerTransmission = fullpowerModel

gg;’gg codebookSubset = rﬁg;’;ﬂ codebookSubset=
. partialAndNonCoherent . nonCoherent

to index to index
0 1 layer: TPMI=0 0 1 layer: TPMI=0
1 1 layer: TPMI=1 1 1 layer: TPMI=1
3 1 layer: TPMI=3 3 1 layer: TPMI=3
4 2 layers: TPMI=0 4 2 layers: TPMI=0
9 2 layers: TPMI=5 9 2 layers: TPMI=5
10 3 layers: TPMI=0 10 3 layers: TPMI=0
11 4 layers: TPMI=0 11 4 layers: TPMI=0
12 1 layer: TPMI=13 12 1 layer: TPMI=13
13 2 layer: TPMI=6 13 2 layer: TPMI=6
14 3 layer: TPMI=1 14 3 layer: TPMI=1
15 1 layer: TPMI=4 15 Reserved
23 1 layer: TPMI=12
24 1 layer: TPMI=14
25 1 layer: TPMI=15
26 2 layers: TPMI=7
32 2 layers: TPMI=13
33 3 layers: TPMI=2
34 4 layers: TPMI=1
35 4 layers: TPMI=2

36-63 Reserved

Table 7.3.1.1.2-3: Precoding information and number of layers for 4 antenna ports, if transform
precoder is enabled and ul-FullPowerTransmission is either not configured or configured to
fullpowerMode2, or if transform precoder is disabled, maxRank = 1, and ul-FullPowerTransmission is
not configured or configured to fullpowerMode2 or configured to fullpower

:’]gf'eé% codebookSubset = :;g f'eé% codebookSubset= n%g f'eé% codebookSubset=

to iggex fullyAndPartialAndNonCoherent to iﬁgex partialAndNonCoherent to iggex nonCoherent
0 1 layer: TPMI=0 0 1 layer: TPMI=0 0 1 layer: TPMI=0
1 1 layer: TPMI=1 1 1 layer: TPMI=1 1 1 layer: TPMI=1
3 1 layer: TPMI=3 3 1 layer: TPMI=3 3 1 layer: TPMI=3
4 1 layer: TPMI=4 4 1 layer: TPMI=4
11 1 layer: TPMI=11 11 1 layer: TPMI=11
12 1 layers: TPMI=12 12-15 reserved
27 1 layers: TPMI=27

28-31 reserved
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Table 7.3.1.1.2-3A: Precoding information and number of layers for 4 antenna ports, if transform
precoder is enabled and ul-FullPowerTransmission = fullpowerModel, or if transform precoder is
disabled, maxRank = 1, and ul-FullPowerTransmission = fullpowerModel

gg f'e:(jj codebookSubset= gg f'e:(jj codebookSubset=
‘PP partialAndNonCoherent PP nonCoherent
to index to index
0 1 layer: TPMI=0 0 1 layer: TPMI=0
1 1 layer: TPMI=1 1 1 layer: TPMI=1
3 1 layer: TPMI=3 3 1 layer: TPMI=3
4 1 layer: TPMI=13 4 1 layer: TPMI=13
5 1 layer: TPMI=4 5-7 Reserved
13 1 layer: TPMI=12
14 1 layer: TPMI=14
15 1 layer: TPMI=15

Table 7.3.1.1.2-4: Precoding information and number of layers, for 2 antenna ports, if transform
precoder is disabled, maxRank = 2, and ul-FullPowerTransmission is not configured or configured to
fullpowerMode2 or configured to fullpower

Bit field _ Bit field
mapped EELEROD LI = mapped codebookSubset = nonCoherent

; fullyAndPartialAndNonCoherent :
to index to index
1 layer: TPMI=0 0 1 layer: TPMI=0
1 layer: TPMI=1 1 1 layer: TPMI=1
2 layers: TPMI=0 2 2 layers: TPMI=0

1 layer: TPMI=2 3 reserved
1 layer: TPMI=3
1 layer: TPMI=4
1 layer: TPMI=5
2 layers: TPMI=1
2 layers: TPMI=2

reserved

X INO|O|BR|WIN|F|O

©
=
(63}

Table 7.3.1.1.2-4A: Precoding information and number of layers, for 2 antenna ports, if transform
precoder is disabled, maxRank = 2, and ul-FullPowerTransmission = fullpowerModel

2l flel?nrg:fped 0 codebookSubset= nonCoherent
0 1 layer: TPMI=0
1 1 layer: TPMI=1
2 2 layers: TPMI=0
3 1 layer: TPMI=2
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Table 7.3.1.1.2-5: Precoding information and number of layers, for 2 antenna ports, if transform
precoder is enabled and ul-FullPowerTransmission is not configured or configured to
fullpowerMode2 or configured to fullpower, or if transform precoder is disabled, maxRank = 1, and
and ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to

fullpower
rﬁg;’;ﬂ codebookSubset = rﬁg;’;ﬂ codebookSubset =
. fullyAndPartialAndNonCoherent . nonCoherent
to index to index
0 1 layer: TPMI=0 0 1 layer: TPMI=0
1 1 layer: TPMI=1 1 1 layer: TPMI=1
2 1 layer: TPMI=2
3 1 layer: TPMI=3
4 1 layer: TPMI=4
5 1 layer: TPMI=5
6-7 reserved

Table 7.3.1.1.2-5A: Precoding information and number of layers, for 2 antenna ports, if transform
precoder is enabled and ul-FullPowerTransmission = fullpowerModel, or if transform precoder is
disabled, maxRank = 1, and ul-FullPowerTransmission = fullpowerModel

i flelciinrggsped o codebookSubset= nonCoherent
0 1 layer: TPMI=0
1 1 layer: TPMI=1
2 1 layer: TPMI=2
3 Reserved

Table 7.3.1.1.2-6: Antenna port(s), transform precoder is enabled, dmrs-Type=1, maxLength=1,
except that dmrs-UplinkTransformPrecoding and tp-pi2BPSK are both configured and m/2-BPSK
modulation is used

Number of DMRS
Value CDM group(s) LA
without data FETiE)
0 2 0
1 2 1
2 2 2
3 2 3

Table 7.3.1.1.2-6A: Antenna port(s), transform precoder is enabled, dmrs-UplinkTransformPrecoding
and tp-pi2BPSK are both configured, m/2-BPSK modulation is used, dmrs-Type=1, maxLength=1

Number of DMRS
Value CDM group(s) BLAIS
without data FETiE)
0 2 0, Nscip=0
1 2 O, Nscip= 1
2 2 2, Nscip= 0
3 2 2, Nscip= 1
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Table 7.3.1.1.2-7: Antenna port(s), transform precoder is enabled, dmrs-Type=1, maxLength=2,
except that dmrs-UplinkTransformPrecoding and tp-pi2BPSK are both configured and m/2-BPSK
modulation is used

Value | Number of DMRS CDM group(s) without data | DMRS port(s) | Number of front-load symbols

0 2 0 1

1 2 1 1

2 2 2 1

3 2 3 1

4 2 0 2

5 2 1 2

6 2 2 2

7 2 3 2

8 2 4 2

9 2 5 2

10 2 6 2

11 2 7 2
12-15 Reserved Reserved Reserved

Table 7.3.1.1.2-7A: Antenna port(s), transform precoder is enabled, dmrs-UplinkTransformPrecoding
and tp-pi2BPSK are both configured, m/2-BPSK modulation is used, dmrs-Type=1, maxLength=2

Value

Number of DMRS CDM group(s) without data

DMRS port(s)

Number of front-load symbols

o

0, nscip=0

1

Nscip= 1

Nscip= 0

Nscip= 1

Nscip= 0

Nscip= 1

Nscip= 0

Nscip= 1

MININIO|IOINV|IN|O

Nscip= 0

OO |N(o|O|_[W|IN|F

4, nscp=1

NIN(NININININININININ

6, Nscip= 0

NININININININ| PR

2

6, Nscip=1

2

Reserved

Reserved

Reserved

Table 7.3.1.1.2-8: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank

=1
Value | Number of DMRS CDM group(s) without data | DMRS port(s)
0 1 0
1 1 1
2 2 0
3 2 1
4 2 2
5 2 3
6-7 Reserved Reserved

Table 7.3.1.1.2-9: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank

=2
Value | Number of DMRS CDM group(s) without data | DMRS port(s)
0 1 0,1
1 2 0,1
2 2 2,3
3 2 0,2
4-7 Reserved Reserved
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Table 7.3.1.1.2-10: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank

=3
Value | Number of DMRS CDM group(s) without data | DMRS port(s)
0 2 0-2
1-7 Reserved Reserved

Table 7.3.1.1.2-11: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank

=4
Value | Number of DMRS CDM group(s) without data | DMRS port(s)
0 2 0-3
1-7 Reserved Reserved

Table 7.3.1.1.2-12: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank

=1

Value | Number of DMRS CDM group(s) without data | DMRS port(s) | Number of front-load symbols

0 1 0 1

1 1 1 1

2 2 0 1

3 2 1 1

4 2 2 1

5 2 3 1

6 2 0 2

7 2 1 2

8 2 2 2

9 2 3 2

10 2 4 2

11 2 5 2

12 2 6 2

13 2 7 2
14-15 Reserved Reserved Reserved

Table 7.3.1.1.2-13: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank

=2

Value

Number of DMRS CDM group(s) without data

DMRS port(s)

Number of front-load symbols

0

0,1

1

0,1

2,3

0,2

0,1

2,3

4,5

6,7

| N[O~ [W|IN|F

NININININININ[IN(F-

0,4

NININININ(R|RP|P

[Ce]

2

2,6

2

10-15

Reserved

Reserved

Reserved

Table 7.3.1.1.2-14: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank

=3
Value | Number of DMRS CDM group(s) without data | DMRS port(s) | Number of front-load symbols
0 2 0-2 1
1 2 0,1,4 2
2 2 2,3,6 2
3-15 Reserved Reserved Reserved
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Table 7.3.1.1.2-15: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank

=4
Value | Number of DMRS CDM group(s) without data | DMRS port(s) | Number of front-load symbols
0 2 0-3 1
1 2 0,1,4,5 2
2 2 2,3,6,7 2
3 2 0,2,4,6 2
4-15 Reserved Reserved Reserved

Table 7.3.1.1.2-16: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1,

rank=1

Value | Number of DMRS CDM group(s) without data | DMRS port(s)

0 1 0

1 1 1

2 2 0

3 2 1

4 2 2

5 2 3

6 3 0

7 3 1

8 3 2

9 3 3

10 3 4

11 3 5
12-15 Reserved Reserved

Table 7.3.1.1.2-17: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1,

rank=2
Value | Number of DMRS CDM group(s) without data | DMRS port(s)
0 1 0,1
1 2 0,1
2 2 2,3
3 3 0,1
4 3 2,3
5 3 45
6 2 0,2
7-15 Reserved Reserved

Table 7.3.1.1.2-18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank

Table 7.3.1.1.2-19:

=3
Value | Number of DMRS CDM group(s) without data | DMRS port(s)
0 2 0-2
1 3 0-2
2 3 3-5
3-15 Reserved Reserved

Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank

=4
Value | Number of DMRS CDM group(s) without data | DMRS port(s)
0 2 0-3
1 3 0-3
2-15 Reserved Reserved
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Table 7.3.1.1.2-20: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2,

rank=1
Value | Number of DMRS CDM group(s) without data | DMRS port(s) | Number of front-load symbols
0 1 0 1
1 1 1 1
2 2 0 1
3 2 1 1
4 2 2 1
5 2 3 1
6 3 0 1
7 3 1 1
8 3 2 1
9 3 3 1
10 3 4 1
11 3 5 1
12 3 0 2
13 3 1 2
14 3 2 2
15 3 3 2
16 3 4 2
17 3 5 2
18 3 6 2
19 3 7 2
20 3 8 2
21 3 9 2
22 3 10 2
23 3 11 2
24 1 0 2
25 1 1 2
26 1 6 2
27 1 7 2
28-31 Reserved Reserved Reserved

Table 7.3.1.1.2-21: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2,

rank=2
Value | Number of DMRS CDM group(s) without data | DMRS port(s) | Number of front-load symbols
0 1 0,1 1
1 2 0,1 1
2 2 2,3 1
3 3 0,1 1
4 3 2,3 1
5 3 4,5 1
6 2 0,2 1
7 3 0,1 2
8 3 2,3 2
9 3 4,5 2
10 3 6,7 2
11 3 8,9 2
12 3 10,11 2
13 1 0,1 2
14 1 6,7 2
15 2 0,1 2
16 2 2,3 2
17 2 6,7 2
18 2 8,9 2
19-31 Reserved Reserved Reserved
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Table 7.3.1.1.2-22: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2,

rank=3
Value | Number of DMRS CDM group(s) without data | DMRS port(s) | Number of front-load symbols
0 2 0-2 1
1 3 0-2 1
2 3 3-5 1
3 3 0,1,6 2
4 3 2,3,8 2
5 3 4,5,10 2
6-31 Reserved Reserved Reserved

Table 7.3.1.1.2-23: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2,

rank=4
Value | Number of DMRS CDM group(s) without data | DMRS port(s) | Number of front-load symbols
0 2 0-3 1
1 3 0-3 1
2 3 0,1,6,7 2
3 3 2,3,8,9 2
4 3 4,5,10,11 2
5-31 Reserved Reserved Reserved
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Table 7.3.1.1.2-24: SRS request

Value of SRS request

Triggered aperiodic SRS resource
set(s) for DCl format 0_1,0_2,1_1,
1_2, and 2_3 configured with higher

Triggered aperiodic SRS resource set(s) for DCI
format 2_3 configured with higher layer
parameter srs-TPC-PDCCH-Group set to 'typeA’

= layer parameter srs-TPC-PDCCH-
Group set to 'typeB'
00 No aperiodic SRS resource set No aperiodic SRS resource set triggered
triggered
SRS resource set(s) configured by SRS resource set(s) configured with higher layer
SRS-ResourceSet with higher layer parameter usage in SRS-ResourceSet set to
parameter aperiodicSRS- ‘antennaSwitching' and resourceType in SRS-
ResourceTrigger set to 1 or an entry in ResourceSet set to ‘aperiodic’ for a 15t set of
aperiodicSRS-ResourceTriggerList set serving cells configured by higher layers
tol
01
SRS resource set(s) configured by
SRS-PosResourceSet with an entry in
aperiodicSRS-ResourceTriggerList set
to 1 when triggered by DCI formats 0_1,
0211 andl 2
SRS resource set(s) configured by SRS resource set(s) configured with higher layer
SRS-ResourceSet with higher layer parameter usage in SRS-ResourceSet set to
parameter aperiodicSRS- ‘antennaSwitching' and resourceType in SRS-
ResourceTrigger set to 2 or an entry in ResourceSet set to 'aperiodic' for a 2" set of
aperiodicSRS-ResourceTriggerList set serving cells configured by higher layers
to 2
10
SRS resource set(s) configured by
SRS-PosResourceSet with an entry in
aperiodicSRS-ResourceTriggerList set
to 2 when triggered by DCI formats 0_1,
0211 andl 2
SRS resource set(s) configured by SRS resource set(s) configured with higher layer
SRS-ResourceSet with higher layer parameter usage in SRS-ResourceSet set to
parameter aperiodicSRS- ‘antennaSwitching' and resourceType in SRS-
ResourceTrigger set to 3 or an entry in ResourceSet set to 'aperiodic’ for a 3™ set of
aperiodicSRS-ResourceTriggerList set serving cells configured by higher layers
to3
11
SRS resource set(s) configured by
SRS-PosResourceSet with an entry in
aperiodicSRS-ResourceTriggerList set
to 3 when triggered by DCI formats 0_1,
0211,and1 2
Table 7.3.1.1.2-25: PTRS-DMRS association for UL PTRS port 0
Value DMRS port
0 1% scheduled DMRS port
1 2" scheduled DMRS port
2 3" scheduled DMRS port
3 4" scheduled DMRS port
Table 7.3.1.1.2-26: PTRS-DMRS association for UL PTRS ports 0 and 1
Value of MSB DMRS port Value of LSB DMRS port
0 1%t DMRS port which shares 0 1%t DMRS port which shares
PTRS port O PTRS port 1
1 2" DMRS port which shares 1 2" DMRS port which shares
PTRS port O PTRS port 1
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Table 7.3.1.1.2-28: SRl indication for non-codebook based PUSCH transmission, L =1

Bit field Bit field Bit field
mapped to SRI(s), Ngzg =2 mapped to SRI(s), Ngzg =3 mapped to SRI(s), Ngrs =4
index index index
0 0 0 0 0 0
1 1 1 1 1 1
2 2 2 2
3 reserved 3 3

Table 7.3.1.1.2-29: SRl indication for non-codebook based PUSCH transmission, L =2

Bit field Bit field Bit field
mapped to SRI(s), Ngzg =2 mapped to SRI(s), Ngs =3 mapped to SRI(s), Ngzg =4
index index index
0 0 0 0 0 0
1 1 1 1 1 1
2 0,1 2 2 2 2
3 reserved 3 0,1 3 3
4 0,2 4 0,1
5 1,2 5 0,2
6-7 reserved 6 0,3
7 1,2
8 1,3
9 2,3
10-15 reserved

Table 7.3.1.1.2-30: SRl indication for non-codebook based PUSCH transmission, L =3

Bit field Bit field Bit field
mapped to SRI(s), Ngzg =2 mapped to SRI(s), Ngs =3 mapped to SRI(s), Ngzs =4
index index index
0 0 0 0 0 0
1 1 1 1 1 1
2 0,1 2 2 2 2
3 reserved 3 0,1 3 3
4 0,2 4 0,1
5 1,2 5 0,2
6 0,1,2 6 0,3
7 reserved 7 1,2
8 1,3
9 2,3
10 0,1,2
11 0,1,3
12 0,2,3
13 1,2,3
14-15 reserved
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Table 7.3.1.1.2-31: SRl indication for non-codebook based PUSCH transmission, L =4

Bit field Bit field Bit field
mapped to SRI(s), Ngzg =2 mapped to SRI(s), Ngs =3 mapped to SRI(s), Ngzs =4
index index index
0 0 0 0 0 0
1 1 1 1 1 1
2 0,1 2 2 2 2
3 reserved 3 0,1 3 3
4 0,2 4 0,1
5 1,2 5 0,2
6 0,1,2 6 0,3
7 reserved 7 1,2
8 1,3
9 2,3
10 0,1,2
11 0,1,3
12 0,2,3
13 1,2,3
14 0,1,2,3
15 reserved

Table 7.3.1.1.2-32: SRl indication for codebook based PUSCH transmission, if ul-
FullPowerTransmission is not configured, or ul-FullPowerTransmission = fullpowerModel, or ul-
FullPowerTransmission = fullpowerMode2, or ul-FullPowerTransmission = fullpower and Nggs = 2

Bit field mapped to index SRI(s), Nggg =2
0 0
1 1

Table 7.3.1.1.2-32A: SRl indication for codebook based PUSCH transmission, if ul-
FullPowerTransmission = fullpowerMode2 and Nggs = 3

Bit field mapped to index SRI(S), Nggs = 3
0 0
1 1
2 2
3 Reserved

Table 7.3.1.1.2-32B: SRl indication for codebook based PUSCH transmission, if ul-
FullPowerTransmission = fullpowerMode2 and Nggs = 4

Bit field mapped to index SRI(S), Nggs = 4
0 0
1 1
2 2
3 3
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Table 7.3.1.1.2-33: Joint indication of minimum applicable scheduling offset KO/K2

Bit field mapped to index

Minimum applicable KO for the
active DL BWP, if
minimumSchedulingOffsetKO is
configured for the DL BWP

Minimum applicable K2 for the
active UL BWP, if
minimumSchedulingOffsetK2 is
configured for the UL BWP

minimumSchedulingOffsetKO for the
active DL BWP if the second value is
configured; 0 otherwise

0 The first value configured by The first value configured by
minimumSchedulingOffsetKO for the minimumSchedulingOffsetK2 for the
active DL BWP active UL BWP
1 The second value configured by The second value configured by

minimumSchedulingOffsetK2 for the
active UL BWP if the second value is
configured; 0 otherwise

Table 7.3.1.1.2-34: Redundancy version

Value of the Redundancy
version field

Value of ry q to be applied

0

1
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Table 7.3.1.1.2-35: Allowed entries for DCI format 0_1, configured by higher layer parameter ul-

AccessConfigListDCI-0-1

Entry T_he CP ext_ensipn T "ext"
index Channel Access Type index defined in Clause CAPC
5.3.1 of [4, 38.211]
0 Type2C-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213] 0 1
1 Type2C-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213] 0 2
2 Type2C-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213] 0 3
3 Type2C-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213] 0 4
4 Type2C-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213] 2 1
5 Type2C-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213] 2 2
6 Type2C-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213] 2 3
7 Type2C-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213] 2 4
8 Type2B-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213] 0 1
9 Type2B-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213] 0 2
10 Type2B-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213] 0 3
11 Type2B-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213] 0 4
12 Type2B-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213] 2 1
13 Type2B-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213] 2 2
14 Type2B-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213] 2 3
15 Type2B-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213] 2 4
16 Type2A-ULChannelAccess defined in [clause 4.2.1.2.1 in 37.213] 0 1
17 Type2A-ULChannelAccess defined in [clause 4.2.1.2.1 in 37.213] 0 2
18 Type2A-ULChannelAccess defined in [clause 4.2.1.2.1 in 37.213] 0 3
19 Type2A-ULChannelAccess defined in [clause 4.2.1.2.1 in 37.213] 0 4
20 Type2A-ULChannelAccess defined in [clause 4.2.1.2.1 in 37.213] 1 1
21 Type2A-ULChannelAccess defined in [clause 4.2.1.2.1 in 37.213] 1 2
22 Type2A-ULChannelAccess defined in [clause 4.2.1.2.1 in 37.213] 1 3
23 Type2A-ULChannelAccess defined in [clause 4.2.1.2.1 in 37.213] 1 4
24 Type2A-ULChannelAccess defined in [clause 4.2.1.2.1 in 37.213] 3 1
25 Type2A-ULChannelAccess defined in [clause 4.2.1.2.1 in 37.213] 3 2
26 Type2A-ULChannelAccess defined in [clause 4.2.1.2.1 in 37.213] 3 3
27 Type2A-ULChannelAccess defined in [clause 4.2.1.2.1 in 37.213] 3 4
28 Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213] 0 1
29 Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213] 0 2
30 Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213] 0 3
31 Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213] 0 4
32 Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213] 1 1
33 Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213] 1 2
34 Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213] 1 3
35 Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213] 1 4
36 Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213] 2 1
37 Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213] 2 2
38 Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213] 2 3
39 Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213] 2 4
40 Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213] 3 1
41 Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213] 3 2
42 Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213] 3 3
43 Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213] 3 4
7.3.1.1.3 Format 0_2

DCI format 0_2 isused for the scheduling of PUSCH in one cell.

The following information is transmitted by means of the DCI format 0_2 with CRC scrambled by C-RNTI or CS-
RNTI or SP-CSI-RNTI or MCS-C-RNTI:

Identifier for DCI formats— 1 bit

The value of thisbit field is always set to O, indicating an UL DCI format

- Carrier indicator — 0, 1, 2 or 3 bits determined by higher layer parameter carrierlndicator SzeDCI-0-2, as defined
in Clause 10.1 of [5, TS38.213].

configured for PUSCH transmission; otherwise, 1 bit as defined in Table 7.3.1.1.1-1.
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Bandwidth part indicator — 0, 1 or 2 bits as determined by the number of UL BWPs ngyp rpc configured by
higher layers, excluding the initial UL bandwidth part. The bitwidth for thisfield is determined as
[log, (ngwp)] bits, where

- Npwp = Npwprre T+ 1if npwp rre < 3, inWhich case the bandwidth part indicator is equivalent to the
ascending order of the higher layer parameter BWP-I1d;

- otherwise ngyp = Npwp rre. IN Which case the bandwidth part indicator is defined in Table 7.3.1.1.2-1;
If a UE does not support active BWP change via DCI, the UE ignores this bit field.
Frequency domain resource assignment — number of bits determined by the following:

- Ngp bitsif only resource allocation type O is configured, where Ny isdefined in Clause 6.1.2.2.1 of [6, TS
38.214]

- |loga(Ngse k1(Nrse k1 + 1)/2)] bitsif only resource alocation type 1 is configured, or
max( [log,(Nrse x1(Nrsc k1 + 1)/2)], Nrsg) + 1 bitsif resourceAllocationDCI-0-2-r16 is configured as
‘dynamicSwitch', where Ngpg x, = [(Nﬁ’BL'BW” + (N§tert, . mod K 1)) /K 1], NULEWP isthe size of the active
UL bandwidth part, Nj;%/, » is defined asin clause 4.4.4.4 of [4, TS 38.211] and K1 is given by higher layer

parameter resourceAllocationTypelGranularityDCI-0-2. If the higher layer parameter
resourceAllocationTypelGranularityDCI-0-2 is not configured, K1 isequal to 1.

- If resourceAllocationDCI-0-2-r16 is configured as 'dynamicSwitch', the MSB bit is used to indicate resource
alocation type O or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0
and the bit value of 1 indicates resource allocation type 1.

- For resource alocation type O, the N, L SBs provide the resource allocation as defined in Clause 6.1.2.2.1
of [6, TS 38.214].

- For resource alocation type 1, the [log, (Ngge x1(Nrse k1 + 1)/2)] LSBs provide the resource allocation as
follows:

- For PUSCH hopping with resource allocation type 1:

Ny nop MSB bits are used to indicate the frequency offset according to Clause 6.3 of [6, TS 38.214],
where Ny, nop = 1 if the higher layer parameter frequencyHoppingOffsetListsDCI-0-2 contains two
offset values and Ny, ., = 2 if the higher layer parameter frequencyHoppingOffsetListsDCI-0-2
contains four offset values

- |logy(Nrpe x1(Nrsex1 + 1)/2)] — Nyy nop bits provide the frequency domain resource allocation
according to Clause 6.1.2.2.2 of [6, TS 38.214]

- For non-PUSCH hopping with resource allocation type 1:

- |loga(Ngsg k1(Nrsc k1 + 1)/2)] bits provide the frequency domain resource allocation according to
Clause 6.1.2.2.2 of [6, TS 38.214]

If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and if
resourceAllocationDCI-0-2-r16 is configured as 'dynamicSwitch' for the indicated bandwidth part, the UE
assumes resource allocation type O for the indicated bandwidth part if the bitwidth of the "Frequency domain
resource assignment” field of the active bandwidth part is smaller than the bitwidth of the "Frequency domain
resource assignment” field of the indicated bandwidth part.

Time domain resource assignment — 0, 1, 2, 3, 4, 5 or 6 bitsas defined in Clause 6.1.2.1 of [6, TS38.214]. The
bitwidth for thisfield is determined as [log, ()] bits, where | isthe number of entriesin the higher layer
parameter pusch-TimeDomainAllocationListDCI-0-2 if the higher layer parameter is configured, or | isthe
number of entriesin the higher layer parameter PUSCH-TimeDomainResourceAllocationList if the higher layer
parameter PUSCH-TimeDomainResourceAllocationList is configured and the higher layer parameter pusch-
TimeDomainAllocationListDCI-0-2 is not configured; otherwise | isthe number of entriesin the default table.

Frequency hopping flag— 0 or 1 bit:
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- 0bit if the higher layer parameter frequencyHoppingDCI-0-2 is not configured,;

- 1bit according to Table 7.3.1.1.1-3 otherwise, only applicable to resource allocation type 1, as defined in
Clause 6.3 of [6, TS 38.214].

- Modulation and coding scheme -5 bits as defined in Clause 6.1.4.1 of [6, TS 38.214]

- New dataindicator — 1 bit

- Redundancy version —0, 1 or 2 bits determined by higher layer parameter number OfBitsForRV-DCI-0-2
- If O bitisconfigured, rvig to be applied is0;
- 1bit accordingto Table 7.3.1.2.3-1;
- 2 bitsaccordingto Table 7.3.1.1.1-2.

- HARQ process number — 0, 1, 2, 3 or 4 bits determined by higher layer parameter harg-ProcessNumber SzeDClI -
0-2

- Downlink assignment index — 0, 1, 2 or 4 bits
- Obitif the higher layer parameter downlinkAssignmentlndexDCI-0-2 is not configured;
- 1, 2 or 4 hits otherwise,
- 18 downlink assignment index — 1 or 2 bits:
- 1 bit for semi-static HARQ-ACK codebook;
- 2 bitsfor dynamic HARQ-ACK codebook.
- 2" downlink assignment index — 0 or 2 bits
- 2 bitsfor dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks;
- Obit otherwise.

When two HARQ-ACK codebooks are configured for the same serving cell and if higher layer parameter
prioritylndicatorDCI-0-2 is configured, if the bit width of the Downlink assignment index in DCI format 0_2 for
one HARQ-ACK codebook is hot equal to that of the Downlink assignment index in DCI format 0_2 for the
other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller
Downlink assignment index until the bit width of the Downlink assignment index in DCI format 0_2 for the two
HARQ-ACK codebooks are the same.

- TPC command for scheduled PUSCH — 2 hits as defined in Clause 7.1.1 of [5, TS38.213]

- SRSresource indicator — [logz ( ;c":";{L’"“"'NS“"’J} (NS’;;""*Z))] or [log, Nsgs,o 2| bits, where Nggs o - isthe number

of configured SRS resources in the SRS resource set configured by higher layer parameter srs-
ResourceSetToAddModListDCI-0-2, and associated with the higher layer parameter usage of value ‘codeBook' or
'nonCodeBook’, where the SRS resource set is composed of the first Ngzs o » SRS resources together with other
configurations in the SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList, if
any, and associated with the higher layer parameter usage of value 'codeBook’ or 'nonCodeBook’, respectively,
except for the higher layer parameters ‘ srs-ResourceSetld’ and ‘ srs-ResourceldList’

- [tog, (spinitmeNsnse.s] (NSR;'O-Z))] bits according to Tables 7.3.1.1.2-28/29/30/31 if the higher layer

k=1
parameter txConfig = nonCodebook, where Nggs o - isthe number of configured SRS resources in the SRS
resource set configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2, and associated
with the higher layer parameter usage of value 'nonCodeBook’, where the SRS resource set is composed of
the first Nggs o » SRS resources together with other configurationsin the SRS resource set configured by
higher layer parameter srs-ResourceSetToAddModList, if any, and associated with the higher layer parameter
usage of value 'nonCodeBook', except for the higher layer parameters ‘ srs-ResourceSetld’ and ‘srs-
ResourceldList’, and
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- if UE supports operation with maxMIMO-LayersDCI-0-2 and the higher layer parameter maxMIMO-
LayersDCI-0-2 of PUSCH-ServingCellConfig of the serving cell is configured, Lax iS given by that
parameter

- otherwise, Lmax is given by the maximum number of layers for PUSCH supported by the UE for the
serving cell for non-codebook based operation.

[log, Nsgs,0_2| bitsaccording to Tables 7.3.1.1.2-32 if the higher |ayer parameter txConfig = codebook,
where Nggs o » iSthe number of configured SRS resourcesin the SRS resource set configured by higher layer
parameter srs-ResourceSetToAddModListDCI-0-2, and associated with the higher layer parameter usage of
value ‘codeBook', where the SRS resource set is composed of the first Nggs o » SRS resources together with
other configurations in the SRS resource set configured by higher layer parameter srs-
ResourceSetToAddModList, if any, and associated with the higher layer parameter usage of value ‘codeBook,
except for the higher layer parameters ‘ srs-ResourceSetld’ and ‘ srs-ResourceldList’.

- Precoding information and number of layers — number of bits determined by the following:

0 bitsif the higher layer parameter txConfig = nonCodeBook;
0 bitsfor 1 antenna port and if the higher layer parameter txConfig = codebook;

4,5, or 6 hits according to Table 7.3.1.1.2-2 for 4 antenna ports, if txConfig = codebook, ul-
FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower,
transform precoder is disabled, and according to the values of higher layer parameters maxRankDCI-0-2, and
codebookSubsetDCI-0-2;

4 or 5 bits according to Table 7.3.1.1.2-2A for 4 antenna ports, if txConfig = codebook, ul-
FullPower Transmission =fullpowerModel, the values of higher layer parameters maxRankDCI-0-2=2,
transform precoder is disabled, and according to the value of higher layer parameter codebookSubsetDCI-0-2;

4 or 6 hits according to Table 7.3.1.1.2-2B for 4 antenna ports, if txConfig = codebook, ul-
FullPower Transmission =fullpowerModel, the values of higher layer parameters maxRankDCI-0-2=3 or 4,
transform precoder is disabled, and according to the value of higher layer parameter codebookSubsetDCI-0-2;

2, 4, or 5 bits according to Table 7.3.1.1.2-3 for 4 antenna ports, if txConfig = codebook, ul-

FullPower Transmission is not configured or configured to full powerMode2 or configured to fullpower, and
according to whether transform precoder is enabled or disabled, and the values of higher layer parameters
maxRankDCI-0-2 and codebookSubsetDCI-0-2;

3 or 4 bitsaccording to Table 7.3.1.1.2-3A for 4 antenna ports, if txConfig = codebook, ul-
FullPower Transmission =fullpowerModel, maxRankDCI-0-2=1, and according to whether transform
precoder is enabled or disabled, and the value of higher layer parameter codebookSubsetDCI-0-2;

2 or 4 bits according to Table7.3.1.1.2-4 for 2 antenna ports, if txConfig = codebook, ul-
FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower,
transform precoder is disabled, and according to the values of higher layer parameters maxRankDCI-0-2 and
codebookSubsetDCI-0-2;

2 bitsaccording to Table 7.3.1.1.2-4A for 2 antenna ports, if txConfig = codebook, ul-
FullPower Transmission =fullpowerModel, transform precoder is disabled, the maxRankDCI-0-2=2, and
codebookSubsetDCI-0-2=nonCoherent;

1 or 3 bits according to Table7.3.1.1.2-5 for 2 antenna ports, if txConfig = codebook, ul-

FullPower Transmission is not configured or configured to fullpowerMode2 or configured to fullpower, and
according to whether transform precoder is enabled or disabled, and the values of higher layer parameters
maxRankDCI-0-2 and codebookSubsetDCI-0-2;

2 bits according to Table 7.3.1.1.2-5A for 2 antenna ports, if txConfig = codebook, ul-
FullPower Transmission =fullpower Model, maxRankDCI-0-2=1, and according to whether transform
precoder is enabled or disabled, and the value of higher layer parameter codebookSubsetDCI-0-2.

For the higher layer parameter txConfig=codebook, if ul-FullPower Transmission is configured to full power Mode2,
the values of higher layer parameters maxRankDCI-0-2 is configured to be larger than 2, and at least one SRS
resource with 4 antenna portsis configured in an SRS resource set with usage set to ‘codebook’ and an SRS
resource with 2 antenna portsisindicated via SRI in the same SRS resource set, then Table 7.3.1.1.2-4 is used.
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For the higher layer parameter txConfig = codebook, if different SRS resources with different number of antenna
ports are configured, the bitwidth is determined according to the maximum number of portsin an SRS resource
among the configured SRS resources in an SRS resource set with usage set to ‘codebook’. If the number of ports for
aconfigured SRS resource in the set is less than the maximum number of portsin an SRS resource among the
configured SRS resources, a number of most significant bits with value set to '0' are inserted to the field.

- Antenna ports — number of bits determined by the following:

- Obitif higher layer parameter antennaPortsFiel dPresenceDCI-0-2 is not configured,;

- 2,3,4, or 5bits otherwise,

2 bits as defined by Tables 7.3.1.1.2-6, if transform precoder is enabled, dmrs-Type=1, and maxLength=1,
except that dmrs-UplinkTransformPrecoding and tp-pi2BPSK are both configured and n/2 BPSK
modulation is used;

2 bits as defined by 7.3.1.1.2-6A, if transform precoder is enabled, and dmrs-UplinkTransformPrecoding
and tp-pi2BPK are both configured, 7/2 BPSK modulation is used, dmrs-Type=1, and maxLength=1,
where nscip is the scrambling identity for antenna ports defined in Clause 6.4.1.1.1.2, in [4, TS38.211];

4 hits as defined by Tables 7.3.1.1.2-7, if transform precoder is enabled, dmrs-Type=1, and maxLength=2,
except that dmrs-UplinkTransformPrecoding and tp-pi2BPK are both configured and n/2 BPSK
modulation is used;

4 hits as defined by Tables 7.3.1.1.2-7A, if transform precoder is enabled, and dmrs-
UplinkTransformPrecoding and tp-pi2BPSK are both configured, /2 BPSK modulation is used, dnmrs-
Type=1, and maxLength=2, where nscip is the scrambling identity for antenna ports defined in Clause
6.4.1.1.1.2,in[4, TS38.211];

3 bitsas defined by Tables 7.3.1.1.2-8/9/10/11, if transform precoder is disabled, dmrs-Type=1, and
maxLength=1, and the value of rank is determined according to the SRS resource indicator field if the
higher layer parameter txConfig = nonCodebook and according to the Precoding information and number
of layersfield if the higher layer parameter txConfig = codebook;

4 bits as defined by Tables 7.3.1.1.2-12/13/14/15, if transform precoder is disabled, dmrs-Type=1, and
maxLength=2, and the value of rank is determined according to the SRS resource indicator field if the
higher layer parameter txConfig = nonCodebook and according to the Precoding information and number
of layersfield if the higher layer parameter txConfig = codebook;

4 bits as defined by Tables 7.3.1.1.2-16/17/18/19, if transform precoder is disabled, dmrs-Type=2, and
maxLength=1, and the value of rank is determined according to the SRS resource indicator field if the
higher layer parameter txConfig = nonCodebook and according to the Precoding information and number
of layersfield if the higher layer parameter txConfig = codebook;

5 bits as defined by Tables 7.3.1.1.2-20/21/22/23, if transform precoder is disabled, dmrs-Type=2, and
maxLength=2, and the value of rank is determined according to the SRS resource indicator field if the
higher layer parameter txConfig = nonCodebook and according to the Precoding information and number
of layersfield if the higher layer parameter txConfig = codebook.

where the number of CDM groups without data of values 1, 2, and 3 in Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 refers
to CDM groups {0}, {0,1}, and {0, 1,2} respectively.

If aUE is configured with both dmrs-UplinkForPUSCH-MappingTypeA-DCI-0-2 and dmrs-UplinkForPUSCH-
MappingTypeB-DCI-0-2 and is configured with antennaPortsFieldPresenceDCI-0-2, the bitwidth of thisfield
equals max{x,, xz}, where x, isthe "Antenna ports" bitwidth derived according to dmrs-UplinkFor PUSCH-
MappingTypeA-DCI-0-2 and x; is the "Antenna ports" bitwidth derived according to dmrs-UplinkForPUSCH-
MappingTypeB-DCI-0-2. A number of |x, — x| zeros are padded in the MSB of thisfield, if the mapping type
of the PUSCH corresponds to the smaller value of x, and xj.

If aUE is not configured with higher layer parameter antennaPortsFieldPresenceDCI-0-2, antenna port(s) are
defined assuming bit field index value O in Tables 7.3.1.1.2-6 to 7.3.1.1.2-23.

- SRSrequest -0, 1, 2 or 3 bits

- 0 bit if the higher layer parameter srs-RequestDCI-0-2 is not configured;
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- 1bit asdefined by Table 7.3.1.1.3-1 if higher layer parameter srs-RequestDCI-0-2 = 1 and for UES not
configured with supplementaryUplink in ServingCellConfig in the cell;

- 2 bitsif higher layer parameter srs-RequestDCI-0-2 = 1 and for UEs configured with supplementaryUplink in
ServingCellConfig in the cell, where the first bit isthe non-SUL/SUL indicator as defined in Table 7.3.1.1.1-
1 and the second hit is defined by Table 7.3.1.1.3-1;

- 2 bitsasdefined by Table 7.3.1.1.2-24 if higher layer parameter srs-RequestDCI-0-2 = 2 and for UES not
configured with supplementaryUplink in ServingCellConfig in the cell;

- 3 bitsif higher layer parameter srs-RequestDCI-0-2 = 2 and for UEs configured with supplementaryUplink in
ServingCellConfig in the cell, where the first bit isthe non-SUL/SUL indicator as defined in Table 7.3.1.1.1-
1 and the second and third bits are defined by Table 7.3.1.1.2-24;

- CSlrequest—0, 1, 2, 3, 4, 5, or 6 bits determined by higher layer parameter reportTrigger SizeDCI-0-2.
-  PTRS-DMRS association — number of bits determined as follows

- 0bitif PTRSUplinkConfig is not configured in either dmrs-UplinkFor PUSCH-MappingTypeA or dmrs-
UplinkFor PUSCH-MappingTypeB and transform precoder is disabled, or if transform precoder is enabled, or
if maxRankDCI-0-2=1;

- 2 hitsotherwise, where Table 7.3.1.1.2-25 and 7.3.1.1.2-26 are used to indicate the association between
PTRS port(s) and DMRS port(s) when one PT-RS port and two PT-RS ports are configured by
maxNrofPorts in PTRS-UplinkConfig respectively, and the DMRS ports are indicated by the Antenna ports
field.

If "Bandwidth part indicator” field indicates a bandwidth part other than the active bandwidth part and the
"PTRS-DMRS association” field is present for the indicated bandwidth part but not present for the active
bandwidth part, the UE assumes the "PTRS-DMRS association” field is not present for the indicated bandwidth
part.

- beta offset indicator — 0 bit if the higher layer parameter betaOffsets = semiStatic; otherwise 1 bit if 2 offset
indexes are configured by higher layer parameter dynamicDCI-0-2 as defined by Table 9.3-3A in [5, TS 38.213],
and 2 hitsif 4 offset indexes are configured by higher layer parameter dynamicDCI-0-2 as defined by Table 9.3-
3in[5, TS38.213].

When two HARQ-ACK codebooks are configured for the same serving cell and if higher layer parameter
prioritylndicator DCI-0-2 is configured, if the bit width of the beta_offset indicator in DCI format 0_2 for one
HARQ-ACK codebook is not equal to that of the beta offset indicator in DCI format 0_2 for the other HARQ-
ACK codebook, a number of most significant bits with value set to '0" are inserted to smaller beta_offset
indicator until the bit width of the beta _offset indicator in DCI format 0_2 for the two HARQ-ACK codebooks
are the same.

-  DMRS sequenceinitialization — 0 or 1 bit

- 0hit if the higher layer parameter dmrs-Sequencel nitializationDCI-0-2 is not configured or if transform
precoder is enabled;

- 1hbitif transform precoder is disabled and the higher layer parameter dmrs-Sequencel nitializationDCI-0-2 is
configured.

- UL-SCH indicator — 1 bit. A value of "1" indicates UL-SCH shall be transmitted on the PUSCH and a value of
"0" indicates UL-SCH shall not be transmitted on the PUSCH. Except for DCI format 0_2 with CRC scrambled
by SP-CSI-RNTI, a UE is not expected to receive aDCI format 0_2 with UL-SCH indicator of "0" and CS
reguest of al zero(s).

- Open-loop power control parameter set indication — 0 or 1 or 2 hits.
- 0hitif the higher layer parameter pO-PUSCH-SetList is not configured,;
- 1 or 2 bits otherwise,

- 1bitif SRSresourceindicator is present in the DCI format 0_2;
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- 1lor 2 bitsasdetermined by higher layer parameter ol pc-Parameter SetDCI-0-2 if SRS resource indicator
isnot present in the DCI format 0_2;

Priority indicator — O bit if higher layer parameter prioritylndicatorDCI-0-2 is not configured; otherwise 1 bit as
definedin Clause 9in [5, TS 38.213].

Invalid symbol pattern indicator — O bit if higher layer parameter invalidSymbol Patter nlndicator DCI-0-2 is not
configured; otherwise 1 bit as defined in Clause 6.1.2.1in [6, TS 38.214].

A UE does not expect that the bit width of afield in DCI format 0_2 with CRC scrambled by CS-RNTI islarger than
corresponding bit width of same field in DCI format 0_2 with CRC scrambled by C-RNTI for the same serving cell. If
the bit width of afield in the DCI format 0_2 with CRC scrambled by CS-RNTI is not equal to that of the
corresponding field in the DCI format 0_2 with CRC scrambled by C-RNTI for the same serving cell, a number of most
significant bits with value set to '0' are inserted to the field in DCI format 0_2 with CRC scrambled by CS-RNTI until
the bit width equals that of the corresponding field in the DCI format 0_2 with CRC scrambled by C-RNTI for the same

serving cell.
Table 7.3.1.1.3-1: 1 bit SRS request in DCI format 0_2 and DCIl format 1_2
Value of SRS request Triggered aperiodic SRS resource
field set(s) for DCI format 0_2 and 1_2
0 No aperiodic SRS resource set
triggered
SRS resource set(s) configured with
higher layer parameter aperiodicSRS-
1 ResourceTrigger set to 1 or an entry in
aperiodicSRS-ResourceTriggerList set
tol
7.3.1.2 DCI formats for scheduling of PDSCH
7.3.1.2.1 Format1l O

DCI format 1_0is used for the scheduling of PDSCH in one DL cell.

The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by C-RNTI or CS-
RNTI or MCS-C-RNTI:

Identifier for DCI formats— 1 bits
- Thevaue of thishit field isalways set to 1, indicating a DL DCI format

DLBWP
NRB

Frequency domain resource assignment — ’_I 09, (Ngs ™" (N5 " +1)/ 2)-‘ bits where isgiven by

clause 7.3.1.0

If the CRC of the DCI format 1_0 is scrambled by C-RNTI and the "Frequency domain resource assignment” field
are of all ones, the DCI format 1_0 is for random access procedure initiated by a PDCCH order, with all remaining
fields set asfollows:

Random Access Preamble index — 6 bits according to ra-Preamblelndex in Clause 5.1.2 of [8, TS38.321]

UL/SUL indicator — 1 bit. If the value of the "Random Access Preamble index" is not all zeros and if the UE is
configured with supplementaryUplink in ServingCellConfig in the cell, this field indicates which UL carrier in
the cell to transmit the PRACH according to Table 7.3.1.1.1-1; otherwise, thisfield is reserved

SS/PBCH index — 6 bits. If the value of the "Random Access Preamble index" is not all zeros, this field indicates
the SS/PBCH that shall be used to determine the RACH occasion for the PRACH transmission; otherwise, this
field isreserved.

PRACH Mask index — 4 bits. If the value of the "Random Access Preamble index" is not all zeros, thisfield
indicates the RACH occasion associated with the SS/PBCH indicated by "SS/PBCH index" for the PRACH
transmission, according to Clause 5.1.1 of [8, TS38.321]; otherwise, thisfield is reserved

ETSI



3GPP TS 38.212 version 16.7.0 Release 16 121 ETSI TS 138 212 V16.7.0 (2021-10)

Reserved bits— 12 bits for operation in a cell with shared spectrum channel access; otherwise 10 bits

Otherwise, al remaining fields are set asfollows:

Time domain resource assignment — 4 bits as defined in Clause 5.1.2.1 of [6, TS 38.214]
VRB-to-PRB mapping — 1 bit according to Table 7.3.1.2.2-5

Modulation and coding scheme — 5 bits as defined in Clause 5.1.3 of [6, TS 38.214]

New dataindicator — 1 bit

Redundancy version — 2 bits as defined in Table 7.3.1.1.1-2

HARQ process number — 4 bits

Downlink assignment index — 2 bits as defined in Clause 9.1.3 of [5, TS 38.213], as counter DAI
TPC command for scheduled PUCCH — 2 bits as defined in Clause 7.2.1 of [5, TS 38.213]
PUCCH resource indicator — 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]
PDSCH-to-HARQ _feedback timing indicator — 3 bits as defined in Clause 9.2.3 of [5, TS38.213]

Channel Access-CPext — 2 bits indicating combinations of channel access type and CP extension as defined in
Table7.3.1.1.1-4, or Table 7.3.1.1.1-4A if Channel AccessMode-r16 = "semistatic" is provided, for operation in a
cell with shared spectrum channel access; 0 bits otherwise

The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by P-RNTI:

Short Messages Indicator — 2 bits according to Table 7.3.1.2.1-1.

Short Messages — 8 hits, according to Clause 6.5 of [9, TS38.331]. If only the scheduling information for Paging
iscarried, this bit field is reserved.

DL,BWP, p [ DLBWP
(N

Frequency domain resource assignment —ﬂ 00, (Ngs e 4D/ 2)-‘ bits. If only the short message is

carried, this bit field is reserved.

N2 BY isthe size of CORESET 0

Time domain resource assignment — 4 bits as defined in Clause 5.1.2.1 of [6, TS38.214]. If only the short
message is carried, this bit field is reserved.

VRB-to-PRB mapping — 1 bit according to Table 7.3.1.2.2-5. If only the short message s carried, this bit field is
reserved.

Modulation and coding scheme — 5 bits as defined in Clause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1. If
only the short message is carried, thisbit field is reserved.

TB scaling — 2 bits as defined in Clause 5.1.3.2 of [6, TS38.214]. If only the short message is carried, this bit
field isreserved.

Reserved bits— 8 bits for operation in a cell with shared spectrum channel access; otherwise 6 bits

The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by SI-RNTI:

Frequency domain resource assignment —ﬂ 0g, (Ngs ®"P(Ngs " +1)/ 2)-‘ bits
N2 BY isthe size of CORESET 0

Time domain resource assignment — 4 bits as defined in Clause 5.1.2.1 of [6, TS38.214]

ETSI



3GPP TS 38.212 version 16.7.0 Release 16 122 ETSI TS 138 212 V16.7.0 (2021-10)

- VRB-to-PRB mapping — 1 bit according to Table 7.3.1.2.2-5

- Modulation and coding scheme — 5 bits as defined in Clause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1
- Redundancy version — 2 bits as defined in Table 7.3.1.1.1-2

- System information indicator — 1 bit as defined in Table 7.3.1.2.1-2

- Reserved bits— 17 bhitsfor operation in a cell with shared spectrum channel access; otherwise 15 bits

The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by RA-RNTI or MsgB-
RNTI:

- Frequency domain resource assignment —’_I 0g, (NP (NS + 1)/ 2)-‘ bits
ND2LEWP jsthe size of CORESET 0if CORESET 0 is configured for the cell and N25#** isthe size of initial
DL bandwidth part if CORESET 0 is not configured for the cell

- Time domain resource assignment — 4 bits as defined in Clause 5.1.2.1 of [6, TS38.214]

- VRB-to-PRB mapping — 1 bit according to Table 7.3.1.2.2-5

- Modulation and coding scheme — 5 hits as defined in Clause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1

- TB scaling — 2 bits as defined in Clause 5.1.3.2 of [6, TS38.214]

- LSBsof SFN — 2 hitsfor the DCI format 1_0 with CRC scrambled by MsgB-RNTI as defined in Clause 8.2A of
[5, TS 38.213] if msgB-responseWindow is configured to be larger than 10 ms; or 2 bits for the DCI format 1_0
with CRC scrambled by RA-RNTI as defined in Clause 8.2 of [5, TS 38.213] for operation in a cell with shared
spectrum channel accessif ra-ResponseWindow or ra-ResponseWindow-v1610 is configured to be larger than 10
ms; O bit otherwise

- Reserved bits— (16 — A) bitsfor operation in a cell without shared spectrum access, (18 — A) for operationin a
cell with shared spectrum access, where the value of A isthe number of bits for the field of 'LSBs of SFN' as
defined above

The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by TC-RNTI:
- ldentifier for DCI formats — 1 bit

- Thevaue of thishbit field isalways set to 1, indicating a DL DCI format
- Frequency domain resource assignment —’_I 09, (N5 PP (N " +1)/ 2)-‘ bits
N o ®"P isthe size of CORESET 0

- Time domain resource assignment — 4 bits as defined in Clause 5.1.2.1 of [6, TS38.214]

- VRB-to-PRB mapping — 1 bit according to Table 7.3.1.2.2-5

- Modulation and coding scheme — 5 bits as defined in Clause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1
- New dataindicator — 1 bit

- Redundancy version — 2 hits as defined in Table 7.3.1.1.1-2

- HARQ process number — 4 bits

- Downlink assignment index — 2 bits, reserved

- TPC command for scheduled PUCCH — 2 hits as defined in Clause 7.2.1 of [5, TS38.213]

- PUCCH resource indicator — 3 bits as defined in Clause 9.2.3 of [5, TS38.213]
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- PDSCH-to-HARQ_feedback timing indicator — 3 bits as defined in Clause 9.2.3 of [5, TS38.213]

- Channel Access-CPext — 2 bits indicating combinations of channel access type and CP extension as defined in
Table 7.3.1.1.1-4, or Table 7.3.1.1.1-4A if Channel AccessMode-r16 = "semistatic" is provided, for operationin a
cell with shared spectrum channel access; otherwise 0 bit

Table 7.3.1.2.1-1: Short Message indicator

Bit field Short Message indicator
00 Reserved
01 Only scheduling information for Paging is present in the DCI
10 Only short message is present in the DCI
11 Both scheduling information for Paging and short message are present in the DCI

Table 7.3.1.2.1-2: System information indicator

Bit field System information indicator
0 SIB1[9, TS38.331, Clause 5.2.1]
1 Sl message [9, TS38.331, Clause 5.2.1]
7.3.1.2.2 Format1l 1

DCI format 1_1 isused for the scheduling of PDSCH in one cell.

The following information is transmitted by means of the DCI format 1_1 with CRC scrambled by C-RNTI or CS-
RNTI or MCS-C-RNTI:

- ldentifier for DCI formats— 1 bits
- Thevaue of thishit field isalways set to 1, indicating a DL DCI format
- Carrier indicator — 0 or 3 bits as defined in Clause 10.1 of [5, TS 38.213].

- Bandwidth part indicator — 0, 1 or 2 bits as determined by the number of DL BWPs Neweree CONfigured by

higher layers, excluding the initial DL bandwidith part. The bitwidith for this field is determined as [log, () |
bits, where

Nawp = Ngwprre 1 1f Ngyprec <3 iN'Which case the bandwidth part indicator is equivalent to the ascending
order of the higher layer parameter BWP-Id;

- otherwise ngye = Ngyprec. IN Which case the bandwidth part indicator is defined in Table 7.3.1.1.2-1;

If a UE does not support active BWP change via DCI, the UE ignores this bit field.

- Frequency domain resource assignment —number of bits determined by the following, where N2L®"" isthe size
of the active DL bandwidth part:

N bitsif only resource alocation type O is configured, where N
TS38.214],

isdefined in Clause 5.1.2.2.1 of [6,

RBG

- ’—I 09, (N& " (NS +1)/ 2)-‘ bitsif only resource alocation type 1 is configured, or

- max (ﬂogz(Ng;BWP (N o8P +1)/2)—\ N s )+1 bitsif resourceAllocation is configured as

‘dynamicSwitch'.
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- If resourceAllocation is configured as 'dynamicSwitch’, the MSB bit is used to indicate resource allocation
type 0 or resource alocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit
value of 1 indicates resource allocation type 1.

- For resource alocation type 0, the N
of [6, TS 38.214].

rsc LSBs provide the resource allocation as defined in Clause 5.1.2.2.1

- For resource allocation type 1, the ’_I 0g, (NP (NS PP +1)/ 2)-‘ L SBs provide the resource allocation as
defined in Clause 5.1.2.2.2 of [6, TS 38.214]

If "Bandwidth part indicator” field indicates a bandwidth part other than the active bandwidth part and if
resourceAllocation is configured as 'dynamicSwitch' for the indicated bandwidth part, the UE assumes resource
allocation type O for the indicated bandwidth part if the bitwidth of the " Frequency domain resource assignment"
field of the active bandwidth part is smaller than the bitwidth of the "Frequency domain resource assignment”
field of the indicated bandwidth part.

- Timedomain resource assignment — 0, 1, 2, 3, or 4 bitsas defined in Clause 5.1.2.1 of [6, TS 38.214]. The
bitwidth for thisfield is determined as [log, (1) | bits, where | isthe number of entries in the higher layer

parameter pdsch-TimeDomainAllocationList if the higher layer parameter is configured; otherwisel isthe
number of entriesin the default table.

- VRB-to-PRB mapping — 0 or 1 hit:

- Ohbitif only resource allocation type 0 is configured or if interleaved VRB-to-PRB mapping is not configured
by high layers;

- 1 bit according to Table 7.3.1.2.2-5 otherwise, only applicable to resource alocation type 1, as defined in
Clause 7.3.1.6 of [4, TS 38.211].

- PRB bundling size indicator — 0 bit if the higher layer parameter prb-BundlingType is not configured or is set to
‘staticBundling’, or 1 bit if the higher layer parameter prb-BundlingType is set to ‘dynamicBundling' according to
Clause 5.1.2.3 of [6, TS 38.214].

- Rate matching indicator — 0, 1, or 2 bits according to higher layer parameters rateMatchPatternGroupl and
rateMatchPatternGroup2, where the MSB is used to indicate rateMatchPatternGroupl and the LSB is used to
indicate rateMatchPatternGroup2 when there are two groups.

- ZPCSI-RStrigger — 0, 1, or 2 bits as defined in Clause 5.1.4.2 of [6, TS 38.214]. The bitwidth for thisfield is
determined as |_Iogz(nZP +1)-| bits, where n_, isthe number of aperiodic ZP CSI-RS resource sets configured by
higher layer.

For transport block 1:
- Modulation and coding scheme — 5 bits as defined in Clause 5.1.3.1 of [6, TS 38.214]
- New dataindicator — 1 bit
- Redundancy version — 2 bits as defined in Table 7.3.1.1.1-2

For transport block 2 (only present if maxNrofCodeWordsScheduledByDCI equals 2):
- Modulation and coding scheme — 5 hits as defined in Clause 5.1.3.1 of [6, TS 38.214]
- New dataindicator — 1 bit
- Redundancy version — 2 bits as defined in Table 7.3.1.1.1-2

If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and the value
of maxNrofCodeWordsScheduledByDCI for the indicated bandwidth part equals 2 and the value of
maxNrofCodeWor dsScheduledByDCI for the active bandwidth part equals 1, the UE assumes zeros are padded
when interpreting the "Modulation and coding scheme”, "New dataindicator”, and "Redundancy version” fields
of transport block 2 according to Clause 12 of [5, TS38.213], and the UE ignores the "Modulation and coding
scheme”, "New dataindicator”, and "Redundancy version” fields of transport block 2 for the indicated
bandwidth part.
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- HARQ process number — 4 bits
- Downlink assignment index — number of bits as defined in the following

- 6 bitsif more than one serving cell are configured in the DL and the higher layer parameter nfi-Total DAI-
Included is configured. The 4 MSB bits are the counter DAI and the total DAI for the scheduled PDSCH
group, and the 2 LSB bits are the total DAI for the non-scheduled PDSCH group.

- 4 bitsif only one serving cell is configured in the DL and the higher layer parameter nfi-Total DAI-Included is
configured. The 2 MSB bits are the counter DAI for the scheduled PDSCH group, and the 2 LSB bits are the
total DAI for the non-scheduled PDSCH group;

- 4 bitsif more than one serving cell are configured in the DL, the higher layer parameter pdsch-HARQ-ACK-
Codebook=dynamic or pdsch-HARQ-ACK-Codebook-r16= enhancedDynamic, and nfi-Total DAI-Included is
not configured, where the 2 M SB bits are the counter DAI and the 2 L SB bhits are the total DAL,

- 4 bitsif one serving cell is configured in the DL, and the higher layer parameter pdsch-HARQ-ACK-
Codebook=dynamic, and the UE is not provided coresetPool Index or is provided coresetPoolIndex with
value 0 for one or more first CORESETs and is provided coresetPoolIndex with value 1 for one or more
second CORESETS, and is provided ackNackFeedbackMode = joint, where the 2 MSB bits are the counter
DAI and the 2 LSB bits are the total DAL,

- 2bitsif only one serving cell is configured in the DL, the higher layer parameter pdsch-HARQ-ACK-
Codebook=dynamic or pdsch-HARQ-ACK-Codebook-r16=enhancedDynamic, and nfi-TotalDAI-Included is
not configured, when the UE is not configured with coresetPool Index or the value of coresetPoollndex isthe
same for al CORESETsif coresetPoollndex is provided or the UE is not configured with
ackNackFeedbackMode = joint, where the 2 bits are the counter DAI;

- O bitsotherwise.
If the UE is configured with a PUCCH-SCell, the number of serving cellsis determined within a PUCCH group.

If the UE is configured with a PUCCH-SCell, pdsch-HARQ-ACK-Codebook is replaced by pdsch-HARQ-ACK-
Codebook-secondaryPUCCHgroup-r16 if present for the secondary PUCCH group.

If higher layer parameter prioritylndicatorDCI-1-1 is configured, if the bit width of the Downlink assignment
index in DCI format 1_1 for one HARQ-ACK codebook is not equal to that of the Downlink assignment index in
DCI format 1 1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are
inserted to smaller Downlink assignment index until the bit width of the Downlink assignment index in DCI
format 1_1 for the two HARQ-ACK codebooks are the same.

- TPC command for scheduled PUCCH — 2 hits as defined in Clause 7.2.1 of [5, TS 38.213]
- PUCCH resource indicator — 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]

- PDSCH-to-HARQ_feedback timing indicator — 0, 1, 2, or 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]. The
bitwidth for thisfield is determined as [iog,(1)] bits, where | is the number of entriesin the higher layer

parameter dl-DataToUL-ACK.

If higher layer parameter prioritylndicatorDCI-1-1 is configured, if the bit width of the PDSCH-to-

HARQ _feedback timing indicator in DCI format 1_1 for one HARQ-ACK codebook is not equal to that of the
PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 for the other HARQ-ACK codebook, a number
of most significant bits with value set to '0" are inserted to smaller PDSCH-to-HARQ_feedback timing indicator
until the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 for the two HARQ-
ACK codebooks are the same.

- One-shot HARQ-ACK request — 0 or 1 bit.
- 1bitif higher layer parameter pdsch-HARQ-ACK-OneShotFeedback-r16 is configured;
- Obit otherwise.
- PDSCH group index — 0 or 1 bit.
- 1hitif the higher layer parameter pdsch-HARQ-ACK-Codebook-r16= enhancedDynamic;

ETSI



3GPP TS 38.212 version 16.7.0 Release 16 126 ETSI TS 138 212 V16.7.0 (2021-10)

- 0hit otherwise.
- New feedback indicator — 0, 1 or 2 hits.

- 1bitif the higher layer parameter pdsch-HARQ-ACK-Codebook-r16= enhancedDynamic and the higher
layer parameter nfi-Total DAI-Included is not configured;

- 2 bitsif the higher layer parameter pdsch-HARQ-ACK-Codebook-r16= enhancedDynamic and the higher
layer parameter nfi-Total DAI-Included=true; the MSB corresponds to the scheduled PDSCH group, and the
L SB corresponds to the non-scheduled PDSCH group, as defined in [TS38.213] clause 9.1.3.3

- Obit otherwise.

- Number of requested PDSCH group(s) — 0 or 1 bit.
- 1bhitif the higher layer parameter pdsch-HARQ-ACK-Codebook-r16= enhancedDynamic;
- Obit otherwise.

- Antennaport(s) —4, 5, or 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A, where
the number of CDM groups without data of values 1, 2, and 3 refersto CDM groups {0}, {0,1}, and {0, 1,2}

given by Tables 7.3.1.2.2-1/2/3/4 or Tables 7.3.1.2.2-1A/2A/3A/4A. When a UE receives an activation
command that maps at least one codepoint of DCI field "Transmission Configuration Indication' to two TCI
states, the UE shall use Table 7.3.1.2.2-1A/2A/3A/4A; otherwise, it shall use Tables 7.3.1.2.2-1/2/3/4. The UE
can receive an entry with DM RS ports equal s to 1000, 1002, 1003 when two TCl states are indicated in a
codepoint of DCI field "Transmission Configuration Indication'.

If aUE is configured with both dmrs-DownlinkFor PDSCH-MappingTypeA and dmrs-DownlinkFor PDSCH-

MappingTypeB, the bitwidth of thisfield equals max{xA, XB} , Where X, isthe"Antenna ports’ bitwidth
derived according to dmrs-DownlinkForPDSCH-MappingTypeA and X; isthe"Antenna ports" bitwidth derived
according to dmrs-DownlinkForPDSCH-MappingTypeB. A number of |XA - XB| zeros are padded in the M SB of
thisfield, if the mapping type of the PDSCH corresponds to the smaller value of X, and X .

- Transmission configuration indication — 0 bit if higher layer parameter tci-PresentinDCI is not enabled,;
otherwise 3 bits as defined in Clause 5.1.5 of [6, TS38.214].

If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part,

- if the higher layer parameter tci-PresentinDCI is not enabled for the CORESET used for the PDCCH
carrying the DCI format 1 1,

- the UE assumes tci-PresentInDCI is not enabled for all CORESETs in the indicated bandwidth part;
- otherwise,
- the UE assumes tci-PresentInDCI is enabled for all CORESET s in the indicated bandwidth part.

- SRSrequest — 2 hits as defined by Table 7.3.1.1.2-24 for UEs not configured with supplementaryUplink in
ServingCellConfig in the cell; 3 bits for UEs configured with supplementaryUplink in ServingCellConfig in the
cell wherethe first bit is the non-SUL/SUL indicator as defined in Table 7.3.1.1.1-1 and the second and third bits
are defined by Table 7.3.1.1.2-24. This bit field may also indicate the associated CSI-RS according to Clause
6.1.1.2 of [6, TS 38.214].

- CBG transmission information (CBGTI) — 0 bit if higher layer parameter codeBlockGroupTransmission for
PDSCH is not configured, otherwise, 2, 4, 6, or 8 bits as defined in Clause 5.1.7 of [6, TS38.214], determined by
the higher layer parameters maxCodeBlockGroupsPer TransportBlock and maxNrofCodeWor dsScheduledByDCl
for the PDSCH.

If higher layer parameter prioritylndicatorDCI-1-1 is configured, if the bit width of the CBG transmission
information in DCI format 1 1 for one HARQ-ACK codebook is not equal to that of the CBG transmission
information in DCI format 1_1 for the other HARQ-ACK codebook, a number of most significant bits with
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If DCI

value set to '0" are inserted to smaller CBG transmission information until the bit width of the CBG transmission
information in DCI format 1_1 for the two HARQ-ACK codebooks are the same.

CBG flushing out information (CBGFI) — 1 bit if higher layer parameter codeBlockGroupFlushindicator is
configured as"TRUE", 0 bit otherwise.

If higher layer parameter prioritylndicatorDCI-1-1 is configured, if the bit width of the CBG flushing out
information in DCI format 1_1 for one HARQ-ACK codebook is not equal to that of the CBG flushing out
information in DCI format 1_1 for the other HARQ-ACK codebook, a number of most significant bits with
value set to 'O’ areinserted to smaller CBG flushing out information until the bit width of the CBG flushing out
information in DCI format 1_1 for the two HARQ-ACK codebooks are the same.

DMRS sequence initialization — 1 bit.

Priority indicator — O bit if higher layer parameter prioritylndicatorDCI-1-1 is not configured; otherwise 1 bit as
defined in Clause 9 in [5, TS 38.213].

Channel Access-CPext — 0, 1, 2, 3 or 4 bits. The bitwidth for thisfield is determined as [log, ()] bits, where | is
the number of entriesin the higher layer parameter ul-AccessConfigListDCI-1-1 or in Table 7.3.1.1.1-4A if
Channel AccessMode-r16 = "semistatic” is provided, for operation in a cell with shared spectrum channel access,
otherwise 0 bit. One or more entries from Table 7.3.1.2.2-6 are configured by the higher layer parameter ul-
AccessConfigListDCI-1-1.

Minimum applicable scheduling offset indicator — 0 or 1 bit
- 0bitif higher layer parameter minimumSchedulingOffsetKO is not configured;

- 1hbitif higher layer parameter minimumSchedulingOffsetKO is configured. The 1 bit indication is used to
determine the minimum applicable KO for the active DL BWP and the minimum applicable K2 value for the
active UL BWP, if configured respectively, according to Table 7.3.1.1.2-33. If the minimum applicable KO is
indicated, the minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL BWP
shall be the same as the minimum applicable KO value.

SCell dormancy indication — 0 bit if higher layer parameter dormancyGroupWithinActiveTime is not configured;
otherwise 1, 2, 3, 4 or 5 bits bitmap determined according to higher layer parameter
dormancyGroupWithinActiveTime, where each bit corresponds to one of the SCell group(s) configured by higher
layers parameter dormancyGroupWithinActiveTime, with MSB to LSB of the bitmap corresponding to the first to
last configured SCell group. Thefield is only present when this format is carried by PDCCH on the primary cell
within DRX Active Time and the UE is configured with at least two DL BWPs for an SCell.

If one-shot HARQ-ACK request is not present or set to '0', and all bits of frequency domain resource assignment
are set to O for resource allocation type O or set to 1 for resource allocation type 1 or set to 0 or 1 for dynamic
switch resource allocation type, thisfield is reserved and the following fields among the fields above are used for
SCell dormancy indication, where each bit corresponds to one of the configured SCell(s), with MSB to LSB of
the following fields concatenated in the order bel ow corresponding to the SCell with lowest to highest SCell
index

Modulation and coding scheme of transport block 1

- New dataindicator of transport block 1

Redundancy version of transport block 1

- HARQ process number

Antenna port(s)
- DMRS sequenceinitialization

formats 1 1 are monitored in multiple search spaces associated with multiple CORESETs in aBWP for

scheduling the same serving cell, zeros shall be appended until the payload size of the DCI formats 1_1 monitored in
the multiple search spaces equal to the maximum payload size of the DCI format 1_1 monitored in the multiple search
spaces.
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Table 7.3.1.2.2-1: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1

One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
Number of DMRS
Value CDM group(s) DLAS
without data POy
0 1 0
1 1 1
2 1 0,1
3 2 0
4 2 1
5 2 2
6 2 3
7 2 0,1
8 2 2,3
9 2 0-2
10 2 0-3
11 2 0,2
12-15 Reserved Reserved

Table 7.3.1.2.2-1A: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1

One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
Number of DMRS
Value CDM group(s) hilxs)
without data .
0 1 0
1 1 1
2 1 0,1
3 2 0
4 2 1
5 2 2
6 2 3
7 2 0,1
8 2 2,3
9 2 0-2
10 2 0-3
11 2 0,2
12 2 0,2,3
13-15 Reserved Reserved
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Table 7.3.1.2.2-2: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2

One Codeword: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled
Number of Number of
Value AR (Sl BLAIS l;lrl:)r:tl?lec;a?jf Value AR (Sl DMRS port(s) l;lrl:)r:tl?lec;a?jf
_group(s) e symbols _group(s) symbols
without data without data
0 1 0 1 0 2 0-4 2
1 1 1 1 1 2 0,1,2,3,4,6 2
2 1 0,1 1 2 2 0,1,2,3,4,5,6 2
3 2 0 1 3 2 0,1,2,3,4,5,6,7 2
4 2 1 1 4-31 reserved reserved reserved
5 2 2 1
6 2 3 1
7 2 0,1 1
8 2 2,3 1
9 2 0-2 1
10 2 0-3 1
11 2 0,2 1
12 2 0 2
13 2 1 2
14 2 2 2
15 2 3 2
16 2 4 2
17 2 5 2
18 2 6 2
19 2 7 2
20 2 0,1 2
21 2 2,3 2
22 2 4,5 2
23 2 6,7 2
24 2 0,4 2
25 2 2,6 2
26 2 0,1,4 2
27 2 2,3,6 2
28 2 0,1,45 2
29 2 2,3,6,7 2
30 2 0,2,4,6 2
31 Reserved Reserved Reserved
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Table 7.3.1.2.2-2A: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2

One Codeword: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled
Number of Number of
Value AR (Sl BLAIS ';lrl:mtkflira%f Value AR (LY DMRS port(s) l;lrl:)r:tl?lec;a?jf
_group(s) e symbols _group(s) symbols
without data without data

0 1 0 1 0 2 0-4 2
1 1 1 1 1 2 0,1,2,3,4,6 2
2 1 0,1 1 2 2 0,1,2,3,4,5,6 2
3 2 0 1 3 2 0,1,2,3,4,5,6,7 2
4 2 1 1 4-31 reserved reserved reserved
5 2 2 1

6 2 3 1

7 2 0,1 1

8 2 2,3 1

9 2 0-2 1

10 2 0-3 1

11 2 0,2 1

12 2 0 2

13 2 1 2

14 2 2 2

15 2 3 2

16 2 4 2

17 2 5 2

18 2 6 2

19 2 7 2

20 2 0,1 2

21 2 2,3 2

22 2 4,5 2

23 2 6,7 2

24 2 0,4 2

25 2 2,6 2

26 2 0,1,4 2

27 2 2,3,6 2

28 2 0,1,45 2

29 2 2,3,6,7 2

30 2 0,2,4,6 2

31 2 0,2,3 1

ETSI




3GPP TS 38.212 version 16.7.0 Release 16 131 ETSI TS 138 212 V16.7.0 (2021-10)

Table 7.3.1.2.2-3: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=1

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

Number of Number of
Value DMRS CDM DMRS value DMRS CDM DMRS port(s)
group(s) port(s) group(s)
without data without data
0 1 0 0 3 0-4
1 1 1 1 3 0-5
2 1 0,1 2-31 reserved reserved
3 2 0
4 2 1
5 2 2
6 2 3
7 2 0,1
8 2 2,3
9 2 0-2
10 2 0-3
11 3 0
12 3 1
13 3 2
14 3 3
15 3 4
16 3 5
17 3 0,1
18 3 2,3
19 3 4.5
20 3 0-2
21 3 3-5
22 3 0-3
23 2 0,2
24-31 Reserved Reserved
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Table 7.3.1.2.2-3A: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=1

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

Number of Number of
Value DMRS CDM DMRS value DMRS CDM DMRS port(s)
group(s) port(s) group(s)
without data without data
0 1 0 0 3 0-4
1 1 1 1 3 0-5
2 1 0,1 2-31 reserved reserved
3 2 0
4 2 1
5 2 2
6 2 3
7 2 0,1
8 2 2,3
9 2 0-2
10 2 0-3
11 3 0
12 3 1
13 3 2
14 3 3
15 3 4
16 3 5
17 3 0,1
18 3 2,3
19 3 4.5
20 3 0-2
21 3 3-5
22 3 0-3
23 2 0,2
24 2 0,2,3
25-31 Reserved Reserved
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Table 7.3.1.2.2-4: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2
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One codeword: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled
MMEEEY € Number of iz o Number of
Value Dg/lriﬁpc(:sD)M Ec!vrltr\()ss) front-load Value Dgﬂrﬁﬁpc(E)M DMRS port(s) front-load
without data silsiels without data syl
0 1 0 1 0 3 0-4 1
1 1 1 1 1 3 0-5 1
2 1 0,1 1 2 2 0,1,2,3,6 2
3 2 0 1 3 2 0,1,2,3,6,8 2
4 2 1 1 4 2 0,1,2,3,6,7,8 2
5 2 2 1 5 2 0,1,2,3,6,7,8,9 2
6 2 3 1 6-63 Reserved Reserved Reserved
7 2 0,1 1
8 2 2,3 1
9 2 0-2 1
10 2 0-3 1
11 3 0 1
12 3 1 1
13 3 2 1
14 3 3 1
15 3 4 1
16 3 5 1
17 3 0,1 1
18 3 2,3 1
19 3 4,5 1
20 3 0-2 1
21 3 3-5 1
22 3 0-3 1
23 2 0,2 1
24 3 0 2
25 3 1 2
26 3 2 2
27 3 3 2
28 3 4 2
29 3 5 2
30 3 6 2
31 3 7 2
32 3 8 2
33 3 9 2
34 3 10 2
35 3 11 2
36 3 0,1 2
37 3 2,3 2
38 3 4,5 2
39 3 6,7 2
40 3 8,9 2
41 3 10,11 2
42 3 0,1,6 2
43 3 2,3,8 2
44 3 4,5,10 2
45 3 0,1,6,7 2
46 3 2,3,8,9 2
47 3 4,5,10,11 2
48 1 0 2
49 1 1 2
50 1 6 2
51 1 7 2
52 1 0,1 2
53 1 6,7 2
54 2 0,1 2
55 2 2,3 2
56 2 6,7 2
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57 2 8,9 2
58-63 Reserved Reserved Reserved
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Table 7.3.1.2.2-4A: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2
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One codeword: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled
MMEEEY € Number of iz o Number of
Value Dg/lriﬁpc(:sD)M Ec!vrltr\()ss) front-load Value Dgﬂrﬁﬁpc(E)M DMRS port(s) front-load
without data silsiels without data syl
0 1 0 1 0 3 0-4 1
1 1 1 1 1 3 0-5 1
2 1 0,1 1 2 2 0,1,2,3,6 2
3 2 0 1 3 2 0,1,2,3,6,8 2
4 2 1 1 4 2 0,1,2,3,6,7,8 2
5 2 2 1 5 2 0,1,2,3,6,7,8,9 2
6 2 3 1 6-63 Reserved Reserved Reserved
7 2 0,1 1
8 2 2,3 1
9 2 0-2 1
10 2 0-3 1
11 3 0 1
12 3 1 1
13 3 2 1
14 3 3 1
15 3 4 1
16 3 5 1
17 3 0,1 1
18 3 2,3 1
19 3 4,5 1
20 3 0-2 1
21 3 3-5 1
22 3 0-3 1
23 2 0,2 1
24 3 0 2
25 3 1 2
26 3 2 2
27 3 3 2
28 3 4 2
29 3 5 2
30 3 6 2
31 3 7 2
32 3 8 2
33 3 9 2
34 3 10 2
35 3 11 2
36 3 0,1 2
37 3 2,3 2
38 3 4,5 2
39 3 6,7 2
40 3 8,9 2
41 3 10,11 2
42 3 0,1,6 2
43 3 2,3,8 2
44 3 4,5,10 2
45 3 0,1,6,7 2
46 3 2,3,8,9 2
47 3 4,5,10,11 2
48 1 0 2
49 1 1 2
50 1 6 2
51 1 7 2
52 1 0,1 2
53 1 6,7 2
54 2 0,1 2
55 2 2,3 2
56 2 6,7 2

ETSI




3GPP TS 38.212 version 16.7.0 Release 16 138 ETSI TS 138 212 V16.7.0 (2021-10)

57 2 8,9 2
58 2 0,2,3 1
59-63 Reserved Reserved Reserved

Table 7.3.1.2.2-5: VRB-to-PRB mapping

Bit field mapped to index VRB-to-PRB mapping
0 Non-interleaved
1 Interleaved

Table 7.3.1.2.2-6: Allowed entries for DCI format 1_1, configured by higher layer parameter ul-

AccessConfigListDCI-1-1

Entry
index

The CP extension Text index
Channel Access Type defined in Clause 5.3.1 of [4, TS
38.211]

Type2C-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213]

Type2C-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213]

Type2B-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213]

Type2B-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213]

Type2A-ULChannelAccess defined in [clause 4.2.1.2.1 in 37.213]

Type2A-ULChannelAccess defined in [clause 4.2.1.2.1 in 37.213]

Type2A-ULChannelAccess defined in [clause 4.2.1.2.1 in 37.213]

Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213]

Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213]

Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213]

Slo|e(~|o|a|s|wive o

WINP|O|W|IFL|O|IN|O|N|O

Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213]

7.3.1.2.3 Format1l 2

DCI format 1 2 is used for the scheduling of PDSCH in one cell.

The following information is transmitted by means of the DCI format 1_2 with CRC scrambled by C-RNTI or CS-
RNTI or MCS-C-RNTI:

Identifier for DCI formats— 1 bits
- Thevaue of thishit field isaways set to 1, indicating aDL DCI format.

Carrier indicator — 0, 1, 2 or 3 bits determined by higher layer parameter carrierindicator SzeDCI-1-2, as defined
in Clause 10.1 of [5, TS38.213].

Bandwidth part indicator — 0, 1 or 2 bits as determined by the number of DL BWPs ngyp rpc configured by
higher layers, excluding the initial DL bandwidth part. The bitwidth for thisfield is determined as [log, (ngyp)]
bits, where

- Npwp = Npwprre T+ 1if npwp rre < 3, inWhich case the bandwidth part indicator is equivalent to the
ascending order of the higher layer parameter BWP-I1d;

- otherwise ngyp = Npwp rre. IN Which case the bandwidth part indicator is defined in Table 7.3.1.1.2-1;
If a UE does not support active BWP change via DCI, the UE ignores this bit field.
Freguency domain resource assignment — number of bits determined by the following:

- Ngp bitsif only resource allocation type O is configured, where Ny isdefined in Clause 5.1.2.2.1 of [6, TS
38.214];

- |loga(Ngsg k2(Nrse k2 + 1)/2)] bitsif only resource allocation type 1 is configured, or

ETSI



3GPP TS 38.212 version 16.7.0 Release 16 139 ETSI TS 138 212 V16.7.0 (2021-10)

'dynamicSwitch', where Nggg 2 = [(N}QBL'BW” + (N§tes,p mod K 2)) /K 2], NPLEWP sthe size of the active
DL bandwidth part, N3;%/, » is defined asin clause 4.4.4.4 of [4, TS 38.211] and K2 is determined by higher

layer parameter resourceAllocationTypelGranularityDCI-1-2. If the higher layer parameter
resourceAllocationTypelGranularityDCI-1-2 is not configured, K2 isequal to 1.

- If resourceAllocationDCI-1-2-r16 is configured as 'dynamicSwitch', the MSB bit is used to indicate resource
alocation type O or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0
and the bit value of 1 indicates resource allocation type 1.

- For resource alocation type O, the Ny, L SBs provide the resource alocation as defined in Clause 5.1.2.2.1
of [6, TS 38.214].

- For resource alocation type 1, the [log, (Nggg k2 (Nrse k2 + 1)/2)] LSBs provide the resource allocation as
defined in Clause 5.1.2.2.2 of [6, TS 38.214]

If "Bandwidth part indicator” field indicates a bandwidth part other than the active bandwidth part and if
resourceAllocationDCI-1-2-r16 is configured as 'dynamicSwitch' for the indicated bandwidth part, the UE
assumes resource allocation type O for the indicated bandwidth part if the bitwidth of the "Frequency domain
resource assignment” field of the active bandwidth part is smaller than the bitwidth of the "Frequency domain
resource assignment"” field of the indicated bandwidth part.

- Timedomain resource assignment — 0, 1, 2, 3, or 4 bitsas defined in Clause 5.1.2.1 of [6, TS 38.214]. The
bitwidth for this field is determined as [log, (1)] bits, where | is the number of entriesin the higher layer
parameter pdsch-TimeDomainAllocationListDCI-1-2 if the higher layer parameter is configured, or | isthe
number of entriesin the higher layer parameter pdsch-TimeDomainAllocationList if the higher layer parameter
pdsch-TimeDomainAllocationList is configured when the higher layer parameter pdsch-
TimeDomainAllocationListDCI-1-2 is not configured; otherwise | isthe number of entriesin the default table.

- VRB-to-PRB mapping — 0 or 1 bit:
- O bit if the higher layer parameter vrb-ToPRB-InterleaverDCI-1-2 is not configured;

- 1 bit according to Table 7.3.1.2.2-5 otherwise, only applicable to resource alocation type 1, as defined in
Clause 7.3.1.6 of [4, TS 38.211].

- PRB bundling size indicator — O bit if the higher layer parameter prb-BundlingTypeDCI-1-2 is not configured or
isset to 'static', or 1 bit if the higher layer parameter prb-BundlingTypeDCI-1-2 is set to 'dynamic’ according to
Clause 5.1.2.3 of [6, TS 38.214].

- Rate matching indicator — 0, 1, or 2 bits according to higher layer parameters rateMatchPatternGroup1DCI-1-2
and rateMatchPatternGroup2DCI-1-2, where the MSB is used to indicate rateMatchPatternGrouplDCI-1-2 and
the LSB is used to indicate rateMatchPatternGroup2DCI-1-2 when there are two groups.

- ZPCSl-RStrigger —0, 1, or 2 bits as defined in Clause 5.1.4.2 of [6, TS 38.214]. The bitwidth for thisfield is
determined as [log, (nzp + 1)] bits, where n,p isthe number of aperiodic ZP CSI-RS resource sets configured
by higher layer parameter aperiodicZP-CS-RS-ResourceSetsToAddModListDCI-1-2.

- Modulation and coding scheme — 5 hits as defined in Clause 5.1.3.1 of [6, TS 38.214]

- New dataindicator — 1 bit

- Redundancy version —0, 1 or 2 bits determined by higher layer parameter number OfBitsForRV-DCI-1-2
- If Obitisconfigured, rviq to be applied is0;
- 1 bitaccording to Table 7.3.1.2.3-1;
- 2 bitsaccordingto Table 7.3.1.1.1-2.

- HARQ process number — 0, 1, 2, 3 or 4 bits determined by higher layer parameter harg-ProcessNumber SzeDClI -
1-2

- Downlink assignment index — 0, 1, 2 or 4 bits

- 0hitif the higher layer parameter downlinkAssignmentindexDCI-1-2 is not configured;
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- 1, 2 or 4 hits determined by higher layer parameter downlinkAssignmentindexDCl-1-2 otherwise,

- 4 bitsif more than one serving cell are configured in the DL and the higher layer parameter pdsch-HARQ-
ACK-Codebook=dynamic, where the 2 MSB hits are the counter DAI and the 2 L SB bits are the total
DAI

- 4 bitsif only one serving cell is configured in the DL and the higher layer parameter pdsch-HARQ-ACK-
Codebook=dynamic, and the UE is not provided coresetPoolIndex or is provided coresetPoolIndex with
value 0 for one or more first CORESETs and is provided coresetPoolIndex with value 1 for one or more
second CORESETS, and is provided ackNackFeedbackMode = joint, where the 2 MSB bits are the
counter DAI and the 2 LSB bits are the total DAI.

- lor2bitsif only one serving cell is configured in the DL and the higher layer parameter pdsch-HARQ-
ACK-Codebook=dynamic, when the UE is not configured with coresetPool Index or the value of
coresetPoollndex is the same for all CORESET s if coresetPoollndex is provided or the UE is not
configured with ackNackFeedbackMode = joint, where the 1 bit or 2 bits are the counter DAI.

If the UE is configured with a PUCCH-SCéll, the number of serving cellsis determined within a PUCCH group.

If the UE is configured with a PUCCH-SCell, pdsch-HARQ-ACK-Codebook is replaced by pdsch-HARQ-ACK-
Codebook-secondaryPUCCHgroup-r16 if present for the secondary PUCCH group.

If higher layer parameter prioritylndicatorDCI-1-2 is configured, if the bit width of the Downlink assignment
index in DCI format 1_2 for one HARQ-ACK codebook is not equal to that of the Downlink assignment index in
DCI format 1_2 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0" are
inserted to smaller Downlink assignment index until the bit width of the Downlink assignment index in DCI
format 1_2 for the two HARQ-ACK codebooks are the same.

- TPC command for scheduled PUCCH — 2 hits as defined in Clause 7.2.1 of [5, TS 38.213]

- PUCCH resource indicator — 0 or 1 or 2 or 3 bits determined by higher layer parameter
number OfBitsFor PUCCH-Resour cel ndicator DCI-1-2

- PDSCH-to-HARQ_feedback timing indicator — 0, 1, 2, or 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]. The
bitwidth for thisfield is determined as [log, (I)] bits, where | isthe number of entriesin the higher layer
parameter DL-DataToUL-ACK-DCI-1-2.

If higher layer parameter prioritylndicatorDCI-1-2 is configured, if the bit width of the PDSCH-to-

HARQ _feedback timing indicator in DCI format 1_2 for one HARQ-ACK codebook is not equal to that of the
PDSCH-to-HARQ_feedback timing indicator in DCI format 1_2 for the other HARQ-ACK codebook, a number
of most significant bits with value set to '0" are inserted to smaller PDSCH-to-HARQ_feedback timing indicator
until the bit width of the PDSCH-to-HARQ _feedback timing indicator in DCI format 1_2 for the two HARQ-
ACK codebooks are the same.

- Antennaport(s) — 0, 4, 5, or 6 bits
- 0bitif higher layer parameter antennaPortsFieldPresenceDCI-1-2 is not configured;

- Otherwise 4, 5 or 6 hits as defined by Tables 7.3.1.2.2-1/2/3/4, where the number of CDM groups without
dataof values 1, 2, and 3 refersto CDM groups {0}, {0,1}, and {0, 1,2} respectively. The antenna ports
{po, ..., py—1} shall be determined according to the ordering of DM RS port(s) given by Tables 7.3.1.2.2-
1/2/3/4. If aUE is configured with both dmrs-DownlinkFor PDSCH-MappingTypeA-DCI-1-2 and dnrs-
DownlinkForPDSCH-MappingTypeB-DCI-1-2 and is configured with higher layer parameter
antennaPortsFieldPresenceDCI-1-2, the bitwidth of thisfield equals max{x,, x5}, where x, isthe "Antenna
ports' bitwidth derived according to dmrs-DownlinkFor PDSCH-MappingTypeA-DCI-1-2 and xj isthe
"Antenna ports" bitwidth derived according to dmrs-DownlinkFor PDSCH-MappingTypeB-DCI-1-2. A
number of |x, — x| zeros are padded in the MSB of thisfield, if the mapping type of the PDSCH
corresponds to the smaller value of x, and x5.

If aUE is not configured with higher layer parameter antennaPortsFieldPresenceDCI-1-2, antenna port(s) are
defined assuming bit field index value O in Tables 7.3.1.2.2-1/2/3/4.
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- Transmission configuration indication — O bit if higher layer parameter tci-PresentDCI-1-2 is not configured;
otherwise 1 or 2 or 3 bits determined by higher layer parameter tci-PresentDCI-1-2 as defined in Clause 5.1.5 of
[6, TS38.214].

If "Bandwidth part indicator” field indicates a bandwidth part other than the active bandwidth part,

- if the higher layer parameter tci-PresentDCI-1-2 is not configured for the CORESET used for the PDCCH
carrying the DCI format 1 2,

- the UE assumestci-PresentDCI-1-2 is not configured for all CORESETsin the indicated bandwidth part;
- otherwise,

- the UE assumestci-PresentDCI-1-2 is configured for all CORESETsin the indicated bandwidth part with
the same value configured for the CORESET used for the PDCCH carrying the DCI format 1_2.

- SRSrequest -0, 1, 2 or 3 bits
- Obitif the higher layer parameter srs-RequestDCI-1-2 is not configured;

- 1bit asdefined by Table 7.3.1.1.3-1 if the higher layer parameter srs-RequestDCI-1-2 = 1 and for UEs not
configured with supplementaryUplink in ServingCellConfig in the cell;

- 2 bitsif the higher layer parameter srs-RequestDCI-1-2 = 1 and for UEs configured with
supplementaryUplink in ServingCellConfig in the cell, where the first bit is the non-SUL/SUL indicator as
defined in Table 7.3.1.1.1-1 and the second bit is defined by Table 7.3.1.1.3-1;

- 2 bitsasdefined by Table 7.3.1.1.2-24 if the higher layer parameter srs-RequestDCI-1-2 = 2 and for UES not
configured with supplementaryUplink in ServingCellConfig in the cell;

- 3 hitsif the higher layer parameter srs-RequestDCI-1-2 = 2 and for UEs configured with
supplementaryUplink in ServingCellConfig in the cell, where the first bit is the non-SUL/SUL indicator as
defined in Table 7.3.1.1.1-1 and the second and third bits are defined by Table 7.3.1.1.2-24;

- DMRS sequenceinitialization — 0 or 1 bit
- Obitif the higher layer parameter dmrs-Sequencel nitializationDCI-1-2 is not configured;
- 1 bit otherwise.

- Priority indicator — O bit if higher layer parameter prioritylndicatorDCI-1-2 is not configured; otherwise 1 bit as
definedin Clause 9in [5, TS 38.213].

If DCI formats 1_2 are monitored in multiple search spaces associated with multiple CORESETsin aBWP for
scheduling the same serving cell, zeros shall be appended until the payload size of the DCI formats 1_2 monitored in
the multiple search spaces equal to the maximum payload size of the DCI format 1_2 monitored in the multiple search
spaces.

Table 7.3.1.2.3-1: Redundancy version

Value of the Redundancy
version field

0 0

1 3

Value of rv,, to be applied

7.3.1.3 DCI formats for other purposes

7.3.1.3.1 Format2_0

DCI format 2_0 isused for notifying the slot format, COT duration, available RB set, and search space set group
switching.

The following information is transmitted by means of the DCI format 2_0 with CRC scrambled by SFI-RNTI:
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If the higher layer parameter slotFormatCombToAddModList is configured,
- Slot format indicator 1, Slot format indicator 2, ..., Slot format indicator N,
- If the higher layer parameter availableRB-SetsToAddModList is configured,
- Available RB set Indicator 1, Available RB set Indicator 2, ..., Available RB set Indicator N1,
- If the higher layer parameter co-DurationsPer Cell ToAddModList is configured
- COT duration indicator 1, COT duration indicator 2, ..., COT duration indicator N2.
- If the higher layer parameter switchTrigger ToAddModList is configured

- Search space set group switching flag 1, Search space set group switching flag 2, ..., Search space set group
switching flag M.

The size of DCI format 2_0 is configurable by higher layers up to 128 hits, according to Clause 11.1.1 of [5, TS
38.213].

7.3.1.3.2 Format 2_1

DCI format 2_1 is used for notifying the PRB(s) and OFDM symbol(s) where UE may assume no transmission is
intended for the UE.

The following information is transmitted by means of the DCI format 2_1 with CRC scrambled by INT-RNTI:
- Pre-emption indication 1, Pre-emption indication 2, ..., Pre-emption indication N.

The size of DCI format 2_1 is configurable by higher layers up to 126 bits, according to Clause 11.2 of [5, TS 38.213].
Each pre-emption indication is 14 bits.

7.3.1.3.3 Format 2_2
DCI format 2_2 isused for the transmission of TPC commands for PUCCH and PUSCH.

The following information is transmitted by means of the DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI
or TPC-PUCCH-RNTI:

- block number 1, block number 2,..., block number N

The parameter tpc-PUSCH or tpc-PUCCH provided by higher layers determines the index to the block number for an
UL of acdll, with the following fields defined for each block:

- Closed loop indicator —0 or 1 bit.

- For DCI format 2_2 with TPC-PUSCH-RNTI, 0 bit if the UE is not configured with high layer parameter
twoPUSCH-PC-AdjustmentSates, in which case UE assumes each block in the DCI format 2_2 is of 2 bits; 1
bit otherwise, in which case UE assumes each block in the DCI format 2_2 is of 3 bits;

- For DCI format 2_2 with TPC-PUCCH-RNTI, 0 hit if the UE is not configured with high layer parameter
twoPUCCH-PC-AdjustmentStates, in which case UE assumes each block in the DCI format 2_2 is of 2 hits; 1
bit otherwise, in which case UE assumes each block in the DCI format 2_2 is of 3 hits;

- TPC command -2 bits

The number of information bitsin format 2_2 shall be equal to or less than the payload size of format 1_0 monitored in
common search space in the same serving cell. If the number of information bitsin format 2_2 isless than the payload
size of format 1_0 monitored in common search space in the same serving cell, zeros shall be appended to format 2_2
until the payload size equals that of format 1_0 monitored in common search space in the same serving cell.

7.3.1.3.4 Format 2_3

DCI format 2_3 isused for the transmission of a group of TPC commands for SRS transmissions by one or more UES.
Along with a TPC command, a SRS request may also be transmitted.
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The following information is transmitted by means of the DCI format 2_3 with CRC scrambled by TPC-SRS-RNTI:
- block number 1, block number 2, ..., block humber B

where the starting position of ablock is determined by the parameter startingBitOfFormat2-3 or
startingBitOfFormat2-3SUL-v1530 provided by higher layers for the UE configured with the block.

If the UE is configured with higher layer parameter srs-TPC-PDCCH-Group = typeA for an UL without PUCCH and
PUSCH or an UL on which the SRS power control is not tied with PUSCH power control, one block is configured for
the UE by higher layers, with the following fields defined for the block:

- SRSrequest — 0 or 2 hits. The presence of this field is according to the definition in Clause 11.4 of [5,
TS38.213]. If present, thisfield isinterpreted as defined by Table 7.3.1.1.2-24.

- TPC command number 1, TPC command number 2, ..., TPC command number N, where each TPC command
applies to arespective UL carrier provided by higher layer parameter cc-IndexinOneCC-Set

If the UE is configured with higher layer parameter srs-TPC-PDCCH-Group = typeB for an UL without PUCCH and
PUSCH or an UL on which the SRS power control is not tied with PUSCH power control, one block or more blocksis
configured for the UE by higher layers where each block appliesto an UL carrier, with the following fields defined for
each block:

- SRSreguest — 0 or 2 hits. The presence of this field is according to the definition in Clause 11.4 of [5,
TS38.213]. If present, thisfield isinterpreted as defined by Table 7.3.1.1.2-24.

- TPC command —2 bits

The number of information bitsin format 2_3 shall be equal to or less than the payload size of format 1_0 monitored in
common search space in the same serving cell. If the number of information bitsin format 2_3 isless than the payload
size of format 1_0 monitored in common search space in the same serving cell, zeros shall be appended to format 2_3
until the payload size equals that of format 1_0 monitored in common search space in the same serving cell.

7.3.1.3.5 Format 2_4

DCI format 2_4 isused for notifying the PRB(s) and OFDM symbol(s) where UE cancels the corresponding UL
transmission from the UE according to Clause 11.2A of [5, TS 38.213].

The following information is transmitted by means of the DCI format 2_4 with CRC scrambled by ci-RNTI:
- Cancellationindication 1, Cancellation indication 2, ..., Cancellation indication indication N.

The size of DCI format 2_4 is configurable by higher layers parameter dci-PayloadSizeForCl up to 126 bits, according
to Clause 11.2A of [5, TS 38.213]. The number of bits for each cancellation indication is configurable by higher layer
parameter ci-PayloadSze. For a UE, there is at most one cancellation indication for an UL carrier.

7.3.1.3.6 Format 2_5
DCI format 2_5is used for notifying the availability of soft resources as defined in Clause 9.3.1 of [10, TS 38.473]
The following information is transmitted by means of the DCI format 2_5 with CRC scrambled by AI-RNTI:

- Availability indicator 1, Availability indicator 2, ..., Availability indicator N.

The size of DCI format 2_5 is configurable by higher layers up to 128 bits, according to Clause 14 of [5, TS 38.213].

7.3.1.3.7 Format 2_6
DCI format 2_6 is used for notifying the power saving information outside DRX Active Time for one or more UEs.
The following information is transmitted by means of the DCI format 2_6 with CRC scrambled by PS-RNTI:

- block number 1, block number 2,..., block number N

where the starting position of a block is determined by the parameter ps-PositionDCI-2-6 provided by higher
layers for the UE configured with the block.
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If the UE is configured with higher layer parameter ps-RNTI and dci-Format2-6, one block is configured for the UE by
higher layers, with the following fields defined for the block:

- Wake-up indication - 1 bit

- SCell dormancy indication — 0 bit if higher layer parameter dormancyGroupOutsideActiveTime is not
configured; otherwise 1, 2, 3, 4 or 5 bits bitmap determined according to higher layer parameter
dormancyGroupQOutsideActiveTime, where each bit corresponds to one of the SCell group(s) configured by
higher layers parameter dormancyGroupOutsideActiveTime, with MSB to LSB of the bitmap corresponding to
thefirst to last configured SCell group.

The size of DCI format 2_6 isindicated by the higher layer parameter sizeDCI-2-6, according to Clause 10.3 of [5, TS
38.213].
7.3.1.4 DCI formats for scheduling of sidelink

7.3.1.4.1 Format 3_0
DCI format 3_0 isused for scheduling of NR PSCCH and NR PSSCH in one cell.

The following information is transmitted by means of the DCI format 3_0 with CRC scrambled by SL-RNTI or SL-CS-
RNTI:

- Resource pool index —[log, I bits, where | isthe number of resource pools for transmission configured by the
higher layer parameter sl-TxPool Scheduling.

- Time gap — 3 bits determined by higher layer parameter d-DCI-ToSL-Trans, as defined in clause 8.1.2.1 of [6,
TS38.214]

- HARQ process number — 4 bits.

- New dataindicator — 1 hit.

- Lowest index of the subchannel allocation to theinitial transmission —[Iogz(N ;LbChamd)] bits as defined in clause
8.1.2.2 of [6, TS 38.214]

- SCI format 1-A fields according to clause 8.3.1.1.
- Frequency resource assignment.
- Time resource assignment.

- PSFCH-to-HARQ feedback timing indicator —{10g; N timing | bits, Where Ne, iming iS the number of entriesin
the higher layer parameter d-PSFCH-ToPUCCH, as defined in clause 16.5 of [5, TS 38.213]

- PUCCH resource indicator — 3 bits as defined in clause 16.5 of [5, TS 38.213].

- Configuration index — 0 bit if the UE is not configured to monitor DCI format 3_0 with CRC scrambled by SL-
CS-RNTI; otherwise 3 bits as defined in clause 8.1.2 of [6, TS 38.214]. If the UE is configured to monitor DCI
format 3_0 with CRC scrambled by SL-CS-RNTI, thisfield isreserved for DCI format 3_0 with CRC scrambled
by SL-RNTI.

- Counter sidelink assignment index — 2 bits

- 2bitsasdefined in clause 16.5.2 of [5, TS 38.213] if the UE is configured with pdsch-HARQ-ACK-Codebook
= dynamic

- 2bitsasdefined in clause 16.5.1 of [5, TS 38.213] if the UE is configured with pdsch-HARQ-ACK-Codebook
= semi-static

- Padding bits, if required

If multiple transmit resource pools are provided in d-TxPool Scheduling, zeros shall be appended to the DCI format 3_0
until the payload size is equal to the size of aDCI format 3_0 given by a configuration of the transmit resource pool
resulting in the largest number of information bits for DCI format 3_0O.
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If the UE is configured to monitor DCI format 3_1 and the number of information bitsin DCI format 3_0 islessthan
the payload of DCI format 3_1, zeros shall be appended to DCI format 3_0 until the payload size equals that of DCI
format 3_1.

7.3.1.4.2 Format 3_1
DCI format 3_1 isused for scheduling of LTE PSCCH and LTE PSSCH in one cell.

The following information is transmitted by means of the DCI format 3_1 with CRC scrambled by SL Semi-Persistent
Scheduling V-RNTI:

- Timing offset — 3 bits determined by higher layer parameter d-TimeOffsetEUTRA, as defined in clause 16.6 of
[5, TS38.213]

- Carrier indicator —3 bits as defined in 5.3.3.1.9A of [11, TS 36.212].
- Lowest index of the subchannel allocation to the initial transmission - (Iogz(N;Lbchamel )-‘ bits as defined in
5.3.3.1.9A of [11, TS 36.212].

- Freqguency resource location of initial transmission and retransmission, as defined in 5.3.3.1.9A of [11, TS
36.212]

- Time gap between initial transmission and retransmission, as defined in 5.3.3.1.9A of [11, TS 36.212]
- SLindex — 2 bitsasdefined in 5.3.3.1.9A of [11, TS 36.212]

- SL SPS configuration index — 3 bits as defined in clause 5.3.3.1.9A of [11, TS 36.212].

- Activation/release indication — 1 bit as defined in clause 5.3.3.1.9A of [11, TS 36.212].

If the UE is configured to monitor DCI format 3_0 and the number of information bitsin DCI format 3_1 islessthan
the payload of DCI format 3_0, zeros shall be appended to DCI format 3_1 until the payload size equals that of DCI
format 3_0.

7.3.2 CRC attachment

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

The entire payload is used to calculate the CRC parity bits. Denote the bits of the payload by a,, a,,a,,as,...,a,_4, and
the parity bitsby py, Py, P2, Pz PL_1, Where A isthe payload sizeand L isthe number of parity bits. Let
a,,a,,a,,ay,.,a',, , beabitsequencesuchthat a’,=1for i=01...,L-1and a', =4 _, for

i=L,L+1..,A+L-1. The parity bits are computed with input bit sequence a',,a’;,a',,a’;,...,a',,,, and attached

according to Clause 5.1 by setting L to 24 bits and using the generator polynomial g,,,.(D). The output bit
by bbb, 1S

b, =a, for k=012...,A-1
by =Pa fOr k=AA+LA+2,... A+L-1,
where K=A+L.

After attachment, the CRC parity bits are scrambled with the corresponding RNTI X o+ Xenti 15+ Xenti 5 » Where X o

corresponds to the MSB of the RNTI, to form the sequence of bits Gy, C;, C;,C;,...,C_; . The relation between ¢, and by
is:

c,=b, fork=0,1,2 ..., A+7

G = (B + X ns)MOA2 fork= A+8, A+9,A+10,.., A+23.
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7.3.3 Channel coding

Information bits are delivered to the channel coding block. They are denoted by ¢,,c;,¢C,,Cs,...,Ck_; , Where K isthe
number of bits, and they are encoded via Polar coding according to Clause 5.3.1, by setting n_, =9, I, =1, n,. =0,

and ny0' =0.

After encoding the bits are denoted by d,d,,d,,d,,...,d, ,» Where N isthe number of coded bits.

7.3.4 Rate matching

The input bit sequence to rate matching is d,,d,,d

ST s N
Rate matching is performed according to Clause 5.4.1 by setting |, =0.

The output bit sequence after rate matching isdenoted as f, f, f,,..., f.,-

8 Sidelink transport channels and control information

8.1 Sidelink broadcast channel

The processing for SL-BCH transport channel follows the BCH according to clause 7.1, with the following changes:
- InClause 7.1, 'maximum of one transport block every 80ms' is replaced with 'maximum of one transport block'.
- Clause 7.1.1 for PBCH payload generation is not performed.
- Clause 7.1.2 for scrambling is not performed.

- Inclause 7.1.5, the rate matching output sequence length E = 1386 when higher layer parameter cyclicPrefixis
configured, otherwise, E = 1782.

8.1.1  (void)

8.2 Sidelink shared channel
The processing for SL-SCH transport channel follows the UL-SCH according to clause 6.2, with the following changes:
- Rate matching of SL-SCH follows the rate matching according to clause 6.2.5 by setting I, ggy = 0

- Clause 6.2.7 isreplaced by clause 8.2.1

8.2.1 Data and control multiplexing
Denote the coded bits for SL-SCH as gg-~5¢#, gfL=5CH, gfL=SCH g3l=SCH ... o356t _,.
Denote the coded bits for the 2"-stage SCI, as g5¢'2, g1'%, g5¢/%, g5¢'%, -+, gscrz_, -

Denote the multiplexed data and control coded bit sequence as g, g4, **, g¢_1, Where G is the total number of coded
bits for transmission.

Assuming that N, isthe number of layers onto which the SL-SCH transport block is mapped, the multiplexed data and
control coded bit sequence g, g4, -+, g¢—1 iSobtained as follows:

Denote Q572 is modulation order of the 2"-stage SCI.

|fNL = 1,
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fori = 0to G5¢'2 + GSL=SCH — 1

if0<i<G?

_ SCI2
8i = 8i

end if
If GSCIZ < i < GSCIZ + G.S‘L—.S‘CH -1

— 5SL—SCH
8i = 8;_gscr2

end if
end for
end if
if N, =2,
let MGunt.scrz = G2/ Qi
set miyne = 0
for i=0toMEE,  scrn — 1
forv=0toN,—1
for g=0t0Q3¢"? -1
ifv=0

g RE — gSCIZ
Mcount i-Qpc2+q

else
BmRE, =X /I placehol der hit
end if
M&une = Mgune + 1
end for
end for
end for

for i = 0to GSL=SCH — 1

— SL—-SCH
RE = i
gmcount 8i

RE — RE
Meount = Meount +1
end for

end if

8.3 Sidelink control information on PSCCH

ETSI TS 138 212 V16.7.0 (2021-10)

SCI carried on PSCCH is a 1¥-stage SCI, which transports sidelink scheduling information.
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8.3.1 1°%-stage SCI formats

The fields defined in each of the 1%-stage SCI formats below are mapped to the information bits a, to a,_, asfollows:

Each field is mapped in the order in which it appears in the description, 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

toag.

8.3.1.1 SCI format 1-A
SCI format 1-A is used for the scheduling of PSSCH and 2"-stage-SCI on PSSCH

The following information is transmitted by means of the SCI format 1-A:

Priority — 3 bits as specified in clause 5.4.3.3 of [12, TS 23.287] and clause 5.22.1.3.1 of [8, TS 38.321].

N SibChanne (N SbChanndl *+ l)
( . )

Frequency resource assignment —|log, l bits when the val ue of the higher layer

sbchannel (N Sibchannel *+ 1) (2N Sibchanne +1) | bits

parameter sl-MaxNumPerReserve is configured to 2; otherwise [Iog2

when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 3, as defined in clause 8.1.5
of [6, TS 38.214].

Time resource assignment — 5 bits when the value of the higher layer parameter sl-MaxNumPerReserve is
configured to 2; otherwise 9 bits when the value of the higher layer parameter sl-MaxNumPerReserveis
configured to 3, as defined in clause 8.1.5 of [6, TS 38.214].

Resource reservation period {log, Nysy perioa| bits as defined in clause 16.4 of [5, TS 38.213], where Nys, period
isthe number of entriesin the higher layer parameter sl-ResourceReservePeriodList, if higher layer parameter dl-
MultiReserveResource is configured; O bit otherwise.

DMRS pattern — [log, Npattern | bits as defined in clause 8.4.1.1.2 of [4, TS 38.211], where Npayern iSthe
number of DM RS patterns configured by higher layer parameter dl-PSSCH-DMRS-TimePatternList.

2"d-stage SCI format — 2 bits as defined in Table 8.3.1.1-1.

Beta offset indicator — 2 bits as provided by higher layer parameter d-BetaOffsets2ndSCI and Table 8.3.1.1-2.
Number of DMRS port — 1 bit asdefined in Table 8.3.1.1-3.

Modulation and coding scheme — 5 bits as defined in clause 8.1.3 of [6, TS 38.214].

Additional MCS table indicator — as defined in clause 8.1.3.1 of [6, TS 38.214]: 1 bit if one MCStableis
configured by higher layer parameter d-Additional-MCS-Table; 2 bitsif two M CS tables are configured by
higher layer parameter sl- Additional-MCS-Table; O bit otherwise.

PSFCH overhead indication — 1 bit as defined clause 8.1.3.2 of [6, TS 38.214] if higher layer parameter dl-
PSFCH-Period = 2 or 4; 0 bit otherwise.

Reserved — a number of bits as determined by higher layer parameter sl-NumReservedBits, with value set to zero.

Table 8.3.1.1-1: 2"d-stage SCI formats

Valuefc;fr%r;(tj f?(t;(?e s 2nd-stage SCI format
00 SCI format 2-A
01 SCI format 2-B
10 Reserved
11 Reserved
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Table 8.3.1.1-2: Mapping of Beta_offset indicator values to indexes in Table 9.3-2 of [5, TS38.213]

Value_of Beta_offset Beta_offset index in Table 9.3-2 of [5, TS38.213]
indicator

00 1st index provided by higher layer parameter sl-
BetaOffsets2ndSCI

o1 2nd index provided by higher layer parameter sl-
BetaOffsets2ndSCI

10 3rd index provided by higher layer parameter sl-
BetaOffsets2ndSCI

1 4th index provided by higher layer parameter sl-
BetaOffsets2ndSCI

Table 8.3.1.1-3: Number of DMRS port(s)

Value of the Number of
DMRS port field
0 1000

1 1000 and 1001

Antenna ports

8.3.2 CRC attachment

CRC attachement is performed according to clause 7.3.2 except that scrambling is not performed.

8.3.3 Channel coding

Channel coding is performed according to clause 7.3.3.

8.34 Rate Matching

Rate matching is performed according to clause 7.3.4.

8.4 Sidelink control information on PSSCH

SCI carried on PSSCH is a 2"-stage SCI, which transports sidelink scheduling information.

8.4.1  2"-stage SCI formats

The fields defined in each of the 2™-stage SCI formats below are mapped to the information bits a, to a,_; asfollows:

Each field is mapped in the order in which it appears in the description, 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,.

84.1.1 SCI format 2-A

SCI format 2-A is used for the decoding of PSSCH, with HARQ operation when HARQ-ACK information includes
ACK or NACK, when HARQ-ACK information includes only NACK, or when there is no feedback of HARQ-ACK
information.

The following information is transmitted by means of the SCI format 2-A:
- HARQ process number — 4 hits.
- New dataindicator — 1 bit.
- Redundancy version — 2 bits as defined in Table 7.3.1.1.1-2.
- Source ID —8 bits as defined in clause 8.1 of [6, TS 38.214].
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- Destination ID — 16 bits as defined in clause 8.1 of [6, TS 38.214].

- HARQ feedback enabled/disabled indicator — 1 bit as defined in clause 16.3 of [5, TS 38.213].

- Cast typeindicator — 2 bits as defined in Table 8.4.1.1-1 and in clause 8.1 of [6, TS 38.214].

- CSl request — 1 bit as defined in clause 8.2.1 of [6, TS 38.214] and in clause 8.1 of [6, TS 38.214].

Table 8.4.1.1-1: Cast type indicator

Value of Cast type

indicator CEst s
00 Broadcast
01 Groupcast

when HARQ-ACK information includes ACK or NACK
10 Unicast
11 Groupcast
when HARQ-ACK information includes only NACK
8.4.1.2 SCI format 2-B

SCI format 2-B is used for the decoding of PSSCH, with HARQ operation when HARQ-ACK information includes
only NACK, or when there is no feedback of HARQ-ACK information.

The following information is transmitted by means of the SCI format 2-B:
- HARQ process humber — 4 hits.
- New dataindicator — 1 bit.
- Redundancy version — 2 bits as defined in Table 7.3.1.1.1-2.
- Source ID —8 bits as defined in clause 8.1 of [6, TS 38.214].
- Dedtination ID — 16 hitsas defined in clause 8.1 of [6, TS 38.214].
- HARQ feedback enabled/disabled indicator — 1 bit as defined in clause 16.3 of [5, TS 38.213].
- ZonelD —12 hitsas defined in clause 5.8.11 of [9, TS 38.331].

- Communication range requirement — 4 bits determined by higher layer parameter d-ZoneConfigMCR-Index.

8.4.2 CRC attachment

CRC attachment is performed according to clause 7.3.2 except that scrambling is not performed.

8.4.3 Channel coding

Channel coding is performed according to clause 7.3.3.

8.4.4 Rate Matching

For 2"-stage SCI transmission on PSSCH with SL-SCH, the number of coded modulation symbols generated for 2n-
stage SCI transmission prior to duplication for the 2nd layer if present, denoted as Q4 , is determined as follows:

Q:saz =min MWD +y

fysrfl%z 1
(Oscr2 + Lscrz) - Boffset
Q52 - R

where
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Oy isthe number of the 2"-stage SCI bits

Lgcr2 isthe number of CRC bits for the 2-stage SCI, which is 24 bits.

B> faer isindicated in the corresponding 19-stage SCI.

MPESSCH (1) isthe scheduled bandwidth of PSSCH transmission, expressed as a number of subcarriers.

MPSCCH (1) is the number of subcarriersin OFDM symbol [ that carry PSCCH and PSCCH DMRS associated
with the PSSCH transmission.

MSE2(1) is the number of resource elements that can be used for transmission of the 2"-stage SCI in OFDM
symbol [, for 1 = 0,1,2 -+, N5o0h, — 1and for N3O0, = N&Jy — Nepii! , in PSSCH transmission, where
Nssy"mb = d-lengthSymbols - 2, where dl-lengthSymbols is the number of sidelink symbols within the slot provided
by higher layers as defined in [6, TS 38.214]. If higher layer parameter S-PSFCH-Period = 2 or 4, NESECH = 3 jf

symb
"PSFCH overhead indication” field of SCI format 1-A indicates "1", and NJn5" = 0 otherwise. If higher layer
parameter sl-PSFCH-Period = 0, N7 = 0. If higher layer parameter sl-PSFCH-Period is 1, NJon5" = 3.

M§S‘CC12(Z) = M;’CSSCH(I) _ MffCCH(l)

y isthe number of vacant resource elements in the resource block to which the last coded symbol of the 2™-stage
SCI belongs.

R isthe coding rate asindicated by "Modulation and coding scheme” field in SCI format 1-A.

a isconfigured by higher layer parameter dl-Scaling.

Theinput bit sequence to rate matching isd,, d,, d,, ds, -+, dy_1, Where N isthe number of coded bits.

Rate matching is performed according to Clause 5.4.1 by setting I, = 1.

The output it sequence after rate matching is denoted as g§¢/2, g§¢/2, g3¢/2, g3¢12, ..., g%C&, |, where G5¢!2
Q312 and Q5£7? is modulation order of the 2"-stage SCI. A UE is not expected to have G5¢72 > 4096.

8.4.5 Multiplexing of coded 2"¢-stage SCI bits to PSSCH

The coded 2™-stage SCI bits are multiplexed onto PSSCH according to the proceduresin Clause 8.2.1.
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2018-06 | RAN#80 | RP-181257 |0003 - B [CR to 38.212 capturing the RAN1#92bis and RAN1#93 meeting 15.2.0
agreements related to URLLC

2018-09 [ RAN#81 | RP-181789 |0004 - F [CR to 38.212 capturing the RAN1#94 meeting agreements 15.3.0

2018-12 | RAN#82 | RP-182523 |0005 3 F |Combined CR of all essential corrections to 38.212 from 15.4.0
RAN1#94bis and RAN1#95

2019-03 | RAN#83 | RP-190448 |0006 - F |Correction of wrong implementation on frequency domain resource| 15.5.0
assignment bitwidth

2019-03 [ RAN#83 | RP-190448 |0008 - F _[Correction to UCI multiplexing 15.5.0

2019-03 [ RAN#83 | RP-190448 |0009 - F |Correction on DCI format 2 3 for SUL cell in TS 38.212 15.5.0

2019-03 [ RAN#83 | RP-190448 |0010 - F [Corrections to TS38.212 15.5.0

2019-03 | RAN#83 | RP-190448 |0011 - F | On bitwidth calculation for DCI fields using RRC parameter 15.5.0
indicating maximum number of MIMO layers per serving cell

2019-03 [ RAN#83 | RP-190448 |0012 - F |CR on zero-padding of DCI 1_1 in cross-carrier scheduling case 15.5.0

2019-03 | RAN#83 [ RP-190448 |0013 - F [Clarification on UL_SUL indicator field and SRS request field 15.5.0

2019-06 [ RAN#84 | RP-191282 |0014 - F [CR on correction to bitwidth of NNZC indicator 15.6.0

2019-06 | RAN#84 [ RP-191282 |0015 - F [Correction on DCI size alignment in TS 38.212 15.6.0

2019-06 | RAN#84 | RP-191282 |0016 - F | Correction on UL/SUL indicator in DCI format 0 0 15.6.0

2019-06 | RAN#84 | RP-191282 |0017 - F |Corrections to 38.212 including alignment of terminology across 15.6.0
specifications

2019-06 | RAN#84 [ RP-191282 |0018 - F |CR on maximum modulation order configured for serving cell 15.6.0

2019-06 | RAN#84 | RP-191282 |0019 1 F |Corrections to 38.212 including alignment of terminology across 15.6.0
specifications from RAN1#97

2019-09 | RAN#85 | RP-191941 |0020 - F |Corrections to 38.212 including alignment of terminology across 15.7.0
specifications in RAN1#98

2019-12 | RAN#86 | RP-192625 |0021 - F |CR on UL/SUL indicator in DCI format 0 1 15.8.0

2019-12 | RAN#86 | RP-192625 |0022 - F |Corrections to 38.212 including alignment of terminology across 15.8.0
specifications in RAN1#98bis and RAN1#99

2019-12 | RAN#86 | RP-192636 |0023 - B |Introduction of NR based access to unlicensed spectrum into 16.0.0
38.212

2019-12 | RAN#86 | RP-192637 |0024 - B [Introduction of IAB into 38.212 16.0.0

2019-12 [ RAN#86 | RP-192638 |0025 - B |Introduction of 5G V2X sidelink features into TS 38.212 16.0.0

2019-12 | RAN#86 | RP-192639 |0026 - B |Introduction of Physical Layer Enhancements for NR URLLC 16.0.0

2019-12 | RAN#86 | RP-192641 |0027 - B |Introduction of Enhancements on NR MIMO 16.0.0

2019-12 | RAN#86 | RP-192642 |0028 - B |Introduction of power saving in 38.212 16.0.0

2019-12 | RAN#86 | RP-192645 |0029 - B |Introduction of MR DC/CA 16.0.0

2019-12 | RAN#86 | RP-192643 |0030 - B |Introduction of NR positioning suppport 16.0.0

2019-12 | RAN#86 | RP-192635 |0031 - B |Introduction of two-step RACH 16.0.0

2020-03 | RAN#87-e | RP-200185 |0032 - F |Corrections for Rel-16 NR-U after RAN1#100-e 16.1.0
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2020-03 | RAN#87-e | RP-200190 |0033 Corrections for NR MIMO after RAN1#100-e 16.1.0
2020-03 | RAN#87-e | RP-200188 |0034 Corrections for URLLC after RAN1#100-e 16.1.0
2020-03 | RAN#87-e | RP-200191 |0035 Corrections for power saving after RAN1#100-e 16.1.0
2020-03 | RAN#87-e | RP-200187 |0036 Corrections on 5G V2X sidelink features after RAN1#100-e 16.1.0
2020-06 | RAN#88-e | RP-200683 |0038 CR on L1-RSRP report on PUSCH 16.2.0
2020-06 | RAN#88-e | RP-200693 |0039 Corrections for power saving 16.2.0
2020-06 | RAN#88-e | RP-200689 |0040 Corrections on 5G V2X sidelink features after RAN1#100bis-e and | 16.2.0
RAN1#101-e
2020-06 | RAN#88-e | RP-200694 |0041 Corrections in TS 38.212 for NR postioning 16.2.0
2020-06 | RAN#88-e | RP-200692 |0042 Corrections in TS 38.212 for NR MIMO 16.2.0
2020-06 | RAN#88-e | RP-200696 |0043 Corrections for Rel-16 MR-DC/CA after RAN1#100bis-e 16.2.0
2020-06 | RAN#88-e | RP-200690 |0044 Corrections on NR eURLLC 16.2.0
2020-06 | RAN#88-e | RP-200687 |0045 Corrections for Rel-16 NR-U 16.2.0
2020-06 | RAN#88-e | RP-200688 |0046 Corrections for NR IAB 16.2.0
2020-09 | RAN#89-e | RP-201814 |0047 Correction on UCI bit sequence generation 16.3.0
2020-09 | RAN#89-e | RP-201803 |0049 CR on PTRS for TS 38.212 16.3.0
2020-09 [ RAN#89-e | RP-201810 |0050 Alignment of RRC parameter ps-RNTI 16.3.0
2020-09 | RAN#89-e | RP-201813 |0051 CR to 38.212 on RRC parameter alignment for SCell dormancy 16.3.0
2020-09 | RAN#89-e | RP-201807 |0052 Corrections on 5G V2X sidelink features 16.3.0
2020-09 | RAN#89-e | RP-201809 |0053 Corrections to MIMO enhancements 16.3.0
2020-09 | RAN#89-e | RP-201805 |0054 Corrections to MIMO enhancements 16.3.0
2020-09 | RAN#89-e | RP-201808 |0055 Corrections on NR eURLLC 16.3.0
2020-12 | RAN#90-e | RP-202390 |0056 RRC |IE name fix to dynamic frequency domain resource allocation | 16.4.0
type selection (Rel-15 origin)
2020-12 | RAN#90-e | RP-202384 |0057 C02rrection on Transmission configuration indication in DCI format | 16.4.0
1
2020-12 | RAN#90-e | RP-202398 |0058 Alignment CR for TS 38.212 16.4.0
2021-03 | RAN#91-e | RP-210052 |0059 CR on DMRS 16.5.0
2021-03 | RAN#91-e | RP-210049 (0060 Correction to description of FDRA field size in DCI 0_0 16.5.0
2021-03 | RAN#91-e | RP-210049 (0061 Correction to description of FDRA field interpretation in DCI 0_1 16.5.0
2021-03 | RAN#91-e | RP-210050 |0062 Correction on Sidelink Broadcast channel 16.5.0
2021-03 | RAN#91-e | RP-210049 (0063 Correction on LBT Type and CP Extension Indication for Semi- 16.5.0
Static Channel Occupancy
2021-03 | RAN#91-e | RP-210059 |0064 Alignment CR for TS 38.212 16.5.0
2021-06 | RAN#92-e | RP-211252 |0066 38.212 CR on DAl size determination for DCI format 1_1/1-2 in CA| 16.6.0
2021-06 | RAN#92-e | RP-211236 |0067 Corrections on parameter of MCS table set to gam256 16.6.0
2021-06 | RAN#92-e | RP-211234 (0068 Alignment CR for TS 38.212 (post RAN1#104bis-e) 16.6.0
2021-06 | RAN#92-e | RP-211234 |0069 Correction on HARQ-ACK codebook RRC parameter 16.6.0
2021-06 | RAN#92-e | RP-211236 (0070 Correction on SRS resource set configuration in TS 38.212 16.6.0
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2021-06 | RAN#92-e | RP-211243 |0071 Alignment CR for TS 38.212 (post RAN1#105-€e) 16.6.0
2021-09 | RAN#93-e | RP-211843 |0072 Correction on SRS resource set configuration for DCI format 0_2 16.7.0

in TS 38.212
2021-09 | RAN#93-e | RP-211841 |0074 Rel-15 editorial corrections for TS 38.212 (mirrored to Rel-16) 16.7.0
2021-09 | RAN#93-e | RP-211850 |0075 Alignment CR for TS 38.212 16.7.0

ETSI




3GPP TS 38.212 version 16.7.0 Release 16 156 ETSI TS 138 212 V16.7.0 (2021-10)
History
Document history

V16.2.0 July 2020 Publication

V16.3.0 November 2020 | Publication

V16.4.0 January 2021 Publication

V16.5.0 April 2021 Publication

V16.6.0 August 2021 Publication

V16.7.0 October 2021 Publication

ETSI




	Intellectual Property Rights
	Legal Notice
	Modal verbs terminology
	Foreword
	1 Scope
	2 References
	3 Definitions, symbols and abbreviations
	3.1 Definitions
	3.2 Symbols
	3.3 Abbreviations

	4 Mapping to physical channels
	4.1 Uplink
	4.2 Downlink
	4.3 Sidelink

	5 General procedures
	5.1 CRC calculation
	5.2 Code block segmentation and code block CRC attachment
	5.2.1 Polar coding
	5.2.2 Low density parity check coding

	5.3 Channel coding
	5.3.1 Polar coding
	5.3.1.1 Interleaving
	5.3.1.2 Polar encoding

	5.3.2 Low density parity check coding
	5.3.3 Channel coding of small block lengths
	5.3.3.1 Encoding of 1-bit information
	5.3.3.2 Encoding of 2-bit information
	5.3.3.3 Encoding of other small block lengths


	5.4 Rate matching
	5.4.1 Rate matching for Polar code
	5.4.1.1 Sub-block interleaving
	5.4.1.2 Bit selection
	5.4.1.3 Interleaving of coded bits

	5.4.2 Rate matching for LDPC code
	5.4.2.1 Bit selection
	5.4.2.2 Bit interleaving

	5.4.3 Rate matching for channel coding of small block lengths

	5.5 Code block concatenation

	6 Uplink transport channels and control information
	6.1 Random access channel
	6.2 Uplink shared channel
	6.2.1 Transport block CRC attachment
	6.2.2 LDPC base graph selection
	6.2.3 Code block segmentation and code block CRC attachment
	6.2.4 Channel coding of UL-SCH
	6.2.5 Rate matching
	6.2.6 Code block concatenation
	6.2.7 Data and control multiplexing

	6.3 Uplink control information
	6.3.1 Uplink control information on PUCCH
	6.3.1.1 UCI bit sequence generation
	6.3.1.1.1 HARQ-ACK/SR only
	6.3.1.1.2 CSI only
	6.3.1.1.3 HARQ-ACK/SR and CSI

	6.3.1.2 Code block segmentation and CRC attachment
	6.3.1.2.1 UCI encoded by Polar code
	6.3.1.2.2 UCI encoded by channel coding of small block lengths

	6.3.1.3 Channel coding of UCI
	6.3.1.3.1 UCI encoded by Polar code
	6.3.1.3.2 UCI encoded by channel coding of small block lengths

	6.3.1.4 Rate matching
	6.3.1.4.1 UCI encoded by Polar code
	6.3.1.4.2 UCI encoded by channel coding of small block lengths

	6.3.1.5 Code block concatenation
	6.3.1.6 Multiplexing of coded UCI bits to PUCCH

	6.3.2 Uplink control information on PUSCH
	6.3.2.1 UCI bit sequence generation
	6.3.2.1.1 HARQ-ACK
	6.3.2.1.2 CSI
	6.3.2.1.3 CG-UCI
	6.3.2.1.4 HARQ-ACK and CG-UCI

	6.3.2.2 Code block segmentation and CRC attachment
	6.3.2.2.1 UCI encoded by Polar code
	6.3.2.2.2 UCI encoded by channel coding of small block lengths

	6.3.2.3 Channel coding of UCI
	6.3.2.3.1 UCI encoded by Polar code
	6.3.2.3.2 UCI encoded by channel coding of small block lengths

	6.3.2.4 Rate matching
	6.3.2.4.1 UCI encoded by Polar code
	6.3.2.4.1.1 HARQ-ACK
	6.3.2.4.1.2 CSI part 1
	6.3.2.4.1.3 CSI part 2
	6.3.2.4.1.4 CG-UCI
	6.3.2.4.1.5 HARQ-ACK and CG-UCI

	6.3.2.4.2 UCI encoded by channel coding of small block lengths
	6.3.2.4.2.1 HARQ-ACK
	6.3.2.4.2.2 CSI part 1
	6.3.2.4.2.3 CSI part 2
	6.3.2.4.2.4 CG-UCI
	6.3.2.4.2.5 HARQ-ACK and CG-UCI


	6.3.2.5 Code block concatenation
	6.3.2.6 Multiplexing of coded UCI bits to PUSCH



	7 Downlink transport channels and control information
	7.1 Broadcast channel
	7.1.1 PBCH payload generation
	7.1.2 Scrambling
	7.1.3 Transport block CRC attachment
	7.1.4 Channel coding
	7.1.5 Rate matching

	7.2 Downlink shared channel and paging channel
	7.2.1 Transport block CRC attachment
	7.2.2 LDPC base graph selection
	7.2.3 Code block segmentation and code block CRC attachment
	7.2.4 Channel coding
	7.2.5 Rate matching
	7.2.6 Code block concatenation

	7.3 Downlink control information
	7.3.1 DCI formats
	7.3.1.0 DCI size alignment
	7.3.1.0.1 DCI size alignment for DCI formats for scheduling of sidelink

	7.3.1.1 DCI formats for scheduling of PUSCH
	7.3.1.1.1 Format 0_0
	7.3.1.1.2 Format 0_1
	7.3.1.1.3 Format 0_2

	7.3.1.2 DCI formats for scheduling of PDSCH
	7.3.1.2.1 Format 1_0
	7.3.1.2.2 Format 1_1
	7.3.1.2.3 Format 1_2

	7.3.1.3 DCI formats for other purposes
	7.3.1.3.1 Format 2_0
	7.3.1.3.2 Format 2_1
	7.3.1.3.3 Format 2_2
	7.3.1.3.4 Format 2_3
	7.3.1.3.5 Format 2_4
	7.3.1.3.7 Format 2_6

	7.3.1.4 DCI formats for scheduling of sidelink
	7.3.1.4.1 Format 3_0
	7.3.1.4.2 Format 3_1


	7.3.2 CRC attachment
	7.3.3 Channel coding
	7.3.4 Rate matching


	8 Sidelink transport channels and control information
	8.1 Sidelink broadcast channel
	8.1.1 (void)

	8.2 Sidelink shared channel
	8.2.1 Data and control multiplexing

	8.3 Sidelink control information on PSCCH
	8.3.1 1st-stage SCI formats
	8.3.1.1 SCI format 1-A

	8.3.2 CRC attachment
	8.3.3 Channel coding
	8.3.4 Rate Matching

	8.4 Sidelink control information on PSSCH
	8.4.1 2nd-stage SCI formats
	8.4.1.1 SCI format 2-A
	8.4.1.2 SCI format 2-B

	8.4.2 CRC attachment
	8.4.3 Channel coding
	8.4.4 Rate Matching
	8.4.5 Multiplexing of coded 2nd-stage SCI bits to PSSCH


	Annex A: Change history
	History

