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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 the first digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

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

z the third digit is incremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document specifies the coding, multiplexing and mapping to physical channels for 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 a specific reference, subsequent revisions do not apply.

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

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

[2] 3GPP TS 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”

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions given in 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:

3GPP
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3.3

Abbreviations

3GPP TS 38.212 V16.1.0 (2020-03)

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
CBG
CBGTI
CG
CG-DFI
CG-UCI

CORESET

coT
CcQl
CRC
CRI

csl
CSI-RS
DAI
DCI

DL
DL-SCH
DMRS
HARQ

HARQ-ACK

LDPC
LI

MCS
OFDM
PBCH
PCH
PDCCH
PDSCH
PMI
PRB
PRACH
PSBCH
PSCCH
PSFCH
PSSCH
PTRS
PUCCH
PUSCH
RACH
RI
RSRP
SCI
SFCI
SFN

SL
SL-BCH
SL-SCH
SR

SRS

SS

SUL
TPC
TrCH
UcCl

UE

Broadcast channel

Code block group

Code block group transmission information
Configured grant

CG downlink feedback information
CG uplink control information
Control resource set

Channel occupancy time

Channel quality indicator

Cyclic redundancy check

CSI-RS resource indicator

Channel state information

CSl reference signal

Downlink assignment index
Downlink control information
Downlink

Downlink shared channel
Dedicated demodulation reference signal
Hybrid automatic repeat request
Hybrid automatic repeat request acknowledgement
Low density parity check

Layer indicator

Modulation and coding scheme
Orthogonal frequency division multiplex
Physical broadcast channel

Paging channel

Physical downlink control channel
Physical downlink shared channel
Precoding matrix indicator
Physical resource block

Physical random access channel
Physical sidelink broadcast channel
Physical sidelink control channel
Physical sidelink feedback channel
Physical sidelink shared channel
Phase-tracking reference signal
Physical uplink control channel
Physical uplink shared channel
Random access channel

Rank indicator

Reference signal received power
Sidelink control information
Sidelink feedback control information
System frame number

Sidelink

Sidelink broadcast channel
Sidelink shared channel
Scheduling request

Sounding reference signal
Synchronisation signal
Supplementary uplink

Transmit power control

Transport channel

Uplink control information

User equipment

3GPP
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UL
UL-SCH
VRB

ZP CSI-RS

Uplink

Uplink shared channel
Virtual resource block
Zero power CSI-RS

3GPP TS 38.212 V16.1.0 (2020-03)

4 Mapping to physical channels
4.1 Uplink

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

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

Table 4.1-2

Control information

Physical Channel

UcCl

PUCCH, PUSCH

4.2 Downlink

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

Table 4.2-1
TrCH Physical Channel
DL-SCH PDSCH
BCH PBCH
PCH PDSCH
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

3GPP
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Table 4.3-2
Control information Physical Channel
1st-stage SCI PSCCH
2"d-stage SCI PSSCH
SFECI 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,..., aa_1, and the parity bits by pg, P1, P2, P3eo Py

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

-~ Oereoaa(D)=[D* +D*+ D™ + DY + D* + D" + D + D’ + D°® + D° + D* + D* + D +1] for a CRC length
L=24;

-~ Oereas(D)=[D* + D* + D° + D°* + D +1] fora CRC length L =24;
" Oereaac(D)=[D* +D*+D* +D* + D + D** + D + D" + D + D* + D* + D +1] for a CRC length L =24;
- Oerers(D)=[D*° +D¥ + D° +1] for a CRC length L =16;
= Oeren(D)=[D" + D™ + D + D® +1] for a CRC length L =11;
- Oeres (D)=[D° + D° +1] for a CRC length 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" +p D" +...4+ p_,D' + p_,
yields a remainder equal to 0 when divided by the corresponding CRC generator polynomial.

The bits after CRC attachment are denoted by by, b;,b,,b3,...,bg_4, where B = A+ L. The relation between a, and b,
is:

by =a, fork=012..A-1

by =px-a fOrk=AA+1LA+2.. A+L-1.
5.2 Code block segmentation and code block CRC attachment

5.2.1 Polar coding

The input bit sequence to the code block segmentation is denoted by a,,a;,a,,as,..., 51, Where A> 0.

if I =1
Number of code blocks: C=2;
else

Number of code blocks: C =1

3GPP
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end if
A=[A/C]-C;

fori=01t0 A—A-1

end for

fori=A-Ato A-1

=8 (y_n)
end for
s=0;
forr=0to C-1

fork=0to A/C-1

Cy =2,
sS=5+1;
end for

The sequence C,,,C,;,C,y,Crg,-sC(ayc ) 19 USed to calculate the CRC parity bits p,q, pyy, Pry...., Pr(Ly) according to
Clause 5.1 with a generator polynomial of length L.

for k=A'/C to A'/C+L-1

Ci = Prk-avc)
end for
end for

The value of A isno larger than 1706.

5.2.2 Low density parity check coding

The input bit sequence to the code block segmentation is denoted by by,b;,b,,bs,..., b5, where B> 0. If B is larger
than the maximum code block size K, , segmentation of the input bit sequence is performed and an additional CRC
sequence of L =24 bits is attached to each code block.

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

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

Total number of code blocks C is determined by:

if B<K,
L=0

Number of code blocks: C =1

3GPP
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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 Cq, C;1,Cr5,Cr3,--., Cr(k,-1) » Where 0 <r < C is the code
block number, and K, = K is the number of bits for the code block number r .

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

end if

find the minimum value of Z in all sets of lifting sizes in Table 5.3.2-1, denoted as Z _, such that 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 =01 C-1

for K=0to K'-L-1

Crk = bs ;
s=s+1.
end for

3GPP
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if C>1

The sequence c,,,C,,,C,,, CrasensCrik—L1) is used to calculate the CRC parity bits p,q, py1, Prosen Pr(L)
according to Clause 5.1 with the generator polynomial g.,.s(D)-

for kK=K'-L {0 K'-1
Cu = pr(k+L—K');
end for
end if
for K=K’ to K —1 -- Insertion of filler bits

Cy =< 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 types is 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
uci Polar code

531 Polar coding

The bit sequence input for a given code block to channel coding is denoted by ¢y, ¢4, C5,C5,..., Ck_; , Where K is the
number of bits to encode. After encoding the bits are denoted by d,,d,,d,,...,d, ,, where N =2" and the value of n is

determined by the following:

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

If E<(9/8)-2M°%E™) and K /E <9/16
n, =[log, E |-1;

else
n, =[log, E;

end if
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Ry =1/8;

n, =[log, (K /Ry, )1;

n = max {min {n,,n,, N, N |
where n_. =5.

UE is not expected to be configured with K +n,. > E, where n_. is the number of parity check bits defined in Clause
5.3.1.2.

5.3.1.1 Interleaving
The bit sequence ¢y, ¢;,C,,C3,..., Ck_4 IS interleaved into bit sequence ¢’ ¢, ,c', ¢ ,...,.c',_, as follows:
€, =Cpgr K=01...,K-1
where the interleaving pattern T1(k) is given by the following:
if1, =0
r(k)=k, k=01...,.K -1
else
k=0;
for m=0to K™ -1
if [T (m) > K™ — K
(k) = i (m) - (K> - K);
k=k+1,
end if
end for

end if

where 117™(m) is given by Table 5.3.1.1-1 and K™ =164 .
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Table 5.3.1.1-1: Interleaving pattern 17 (m)

m | Im) | m | I3m) | m | Om) | m | O@m) | m | O0m) | m | T3*(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 B3] 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
g 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

53.1.2 Polar encoding

The Polar sequence Q' = {QONW,QINW,...,QNNmax_l} is given by Table 5.3.1.2-1, where 0 <Q"= <N__ —1 denotes a

bit index before Polar encoding for i =01,...,N,, —1 and N =1024. The Polar sequence QN is in ascending
order of reliability W(QONmax)<W(Q1Nma*)< ...<W(Q,Tmax_1), where W(QiNmax) denotes the reliability of bit index Q.
For any code block encoded to N bits, a same Polar sequence Q'™ = {Q(;“ Q. QY ,__,,QNNJ} is used. The Polar
sequence Q" is a subset of Polar sequence Q== with all elements Q= of values less than N, ordered in

ascending order of reliability w(Q)' )<w(Q )<w(Q)' )<...<W(QY,)-
Denote Q" as a set of bit indices in Polar sequence Q['*, and Q; as the set of other bit indices in Polar sequence

Q)N*, where Q" and Q) are given in Clause 5.4.1.1, |Q" ‘ =K +Npe s Q) ‘ =N —‘G.N

,and n, is the number of
parity check bits.

10
11

Denote G, = (G2)®" as the n -th Kronecker power of matrix G, , where G,

Forabitindex j with j=01,...,N—1,denote g, asthe j-throwof G and W(g,-) as the row weight of g, where
W(g,-) is the number of ones in g Denote the set of bit indices for parity check bits as QJ_, where ‘QQ‘C‘ =Npe - A

number of (nF,C — n;‘@) parity check bits are placed in the (nPC — n;@) least reliable bit indices in Q. A number of

wm
nPC

QQN ‘ - npc) most reliable bit indices in Q" ; if there are more than ng¢ bit indices of the same minimum row weight

other parity check bits are placed in the bit indices of minimum row weight in Q"', where Q" denotes the

in éf‘ , the nS¢ other parity check bits are placed in the no? bit indices of the highest reliability and the minimum
row weight in Q.

Generate u=[u, u, U, ...u,_, | according to the following:
k=0;

if n,. >0
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Yo=0:y=0,y,=05y,=0;y,=0;
forn=0to N-1

Ye=Yor Yo=Y Y1=Y2: Y2=VY5: Ys=VY4 Yo =VYis

if neQ
if neQpe
u, =Yy
else
U, =Cy;
k=k+1;
Yo=Y, ®U,;
end if
else
u, =0;
end if
end for

else
forn=0to N-1

if neQ

end if
end for

end if

The output after encoding d = [d0 d, d, ___del] is obtained 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(QiNmax)
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w(Q™) | Q™= [wieM) [ Qi |wle™=) | Q™ [w(Q™) | o™~ | wleM) [ o wle™) | o™ [w(a™) ] o™ | wlar™) [ o
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 7 551 897 679 461 807 825 935 885
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 7 304 299 550 427 395 555 318 683 724 811 826 939 926
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 7 324 307 121 435 557 563 736 691 462 819 637 947 889
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
1 320 205 275 333 181 461 242 589 465 717 902 845 968 973 995
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
87 27 215 197 343 585 471 595 599 682 727 905 855 701 983 766

3GPP



Release 16 19 3GPP TS 38.212 V16.1.0 (2020-03)

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

109 100 237 282 365 417 493 572 621 655 749 379 877 447 1005 1003

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
119 162 247 392 375 594 503 611 631 605 759 813 887 924 1015 1018

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,,¢;,¢5,C3,..., Ck_3, Where K is the
number of bits to encode as defined in Clause 5.2.2. After encoding the bits are denoted by d,,d,,d,,...,d, ,, Where
N =662, for LDPC base graph 1 and N =50Z_ for LDPC base graph 2, and the value of Z_ is given in Clause 5.2.2.

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

1) Find the set with index i ¢ in Table 5.3.2-1 which contains Z_.
2) for k=27 to K-1
if ¢, < NULL>
dHZC =Cy>

else

Aoz, =< NULL>;

end if

end for

3) Generate N +2Z_ —K parity bits w = [WO, Wi, Wy, Wiz k4

]' such that H x ¢ =0, where
w

C= [CO, C, CZ,...,CH]T ; 0 is a column vector of all elements equal to 0. The encoding is performed in GF(2).
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For LDPC base graph 1, a matrix of H__ has 46 rows with row indices i =0,1,2,...,45 and 68 columns with
column indices j =0,1,2,...,67 . For LDPC base graph 2, a matrix of H,_ has 42 rows with row indices
i=012,...41and 52 columns with column indices j=0,1,2,...51. The elements in 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 elements in H_ are of value 0.

The matrix H is obtained by replacing each element of H_ . witha Z_x z_matrix, according to the following:
- Each element of value 0 in H_ is replaced by an all zero matrix 0 of size Z_xZ_;

- Each element of value 1 in H is replaced by a circular permutation matrix |(p“,) of size Z_xZ_, where i
and j are the row and column indices of the element, and I(Pi,j) is obtained by circularly shifting the
identity matrix 1 of size Z_x z_ to the right P, times. The value of P, is given by P, =mod(\/ zc). The

value of Vi is given by Tables 5.3.2-2 and 5.3.2-3 according to the set index i ; and LDPC base graph.

ijr
4) for k=K to N+2Z -1
dk—ZZc :Wk—K;

end for

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}

N0~ |WIN|F|O
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Table 5.3.2-2: LDPC base graph 1 (H,;) and its parity check matrices (Vi,j)

3GPP



Release 16 22 3GPP TS 38.212 V16.1.0 (2020-03)

H BG Vi ) H BG Vi N
Row Column f H Row Column ; H
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
8 159 369 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 8 186 206 162 210 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 24 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

8 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
1 236 14 292 59 181 130 100 171 25 6 78 29 68 42 107 6 103

5 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
16 28 241 201 182 254 295 207 210 10 73 229 23 130 90 16 88 199
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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 9 151 | 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 7 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 © 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 12 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 25 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
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Table 5.3.2-3: LDPC base graph 2 (H,,) and its parity check matrices (Vi,j)
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H BG Vi ) H BG Vi N
Row Column f H Row Column ; H
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 8 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 2u 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
il 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 23 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 35 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 8 111 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
0 83 49 0 37 76 29 32 48 47 0 0 0 0 0 0 0 0
13 1 2 125 112 113 37 91 53 57 a8 1 31 84 0 37 1 112 157 42
8 38 35 102 143 62 27 95 167 5 66 151 93 97 70 7 173 41
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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 20 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 a1 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 cq,c;,¢5,C3,..., Cx_;, Where K is the
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,, is the 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 [c,]

2 [Co yl

4 [C, ¥y xX]

6 [co y xx X X]

8 [Co Yy XXX XXX]

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 a way 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 ¢, = (c, +c,)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,,....dy ,

1 [¢, ¢, C,]

2 [Co GGG G Cz]

4 [c, C, XX €, €y XXC, C, XX]

6 [CoC, X XXX CyCuXXXX C Cy XXXX]

8 [CoC X XXXXX CyCyXXXXXX CCyXXXXXX]

The "Xx" in Table 5.3.3.2-1 are placeholders for Clause 6.3.1.1 of [4, TS 38.211] to scramble the information bits in a
way that maximizes the Euclidean distance of the modulation symbols carrying the information bits.

5.3.3.3 Encoding of other small block lengths

ik

For 3< K <11, the code block is encoded by ¢, :(Kzlck ‘M jmodz,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.
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Table 5.3.3.3-1: Basis sequences for (32, K) code
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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 bits input to the sub-block interleaver are the coded bits d,,d,,d,,...,d,_,- The coded bits d,,d,,d,,...,d,_, are
divided into 32 sub-blocks. The bits output from the sub-block interleaver are denoted as y,, y,, y,,...,y,_, » 9enerated as
follows:

forn=01to N-1
i=[32n/N ;
J(n)=P(i)x(N/32)+mod(n,N/32);

Yo = dJ(n) ;
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end for

where the sub-block interleaver pattern P(j) is given by Table 5.4.1.1-1.

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

i Pi) | i PG) | i PG) | i Pi) | i Pi) | i PG) | i PG) | i P(i)
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 bit indices Q' and Q' are determined as follows, where K, n,.,and Q' are defined in Clause 5.3.1

Qe =0
if E<N
if K/E<7/16 -- puncturing
forn=0to N-E-1
QFimp = Qfmp UL (M)}
end for
if E>3N/4
Qe =, UL, [3NV4-E/2] -1}
else
Qi = Qi U{0L...,[ON /16 - E/4]-1};
end if
else  -- shortening
forn=E to N-1
QFimp = Qfmp UL (M)}
end for
end if
end if
Qlp = QY AQY,y
Q' comprises (K +ny ) most reliable bit indices in Q' ;
QY =QI QY
54.1.2 Bit selection

The bit sequence after the sub-block interleaver vy, y,,...,y, , from Clause 5.4.1.1 is written into a circular buffer of
length N .

Denoting by E the rate matching output sequence length, the bit selection output bit sequence ey, k=012,... E—1, IS
generated as follows:
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if E>N --repetition

fork=0to E-1

€« = Ymodk,N)
end for
else
if K/E<7/16 -- puncturing

fork=0to E-1

€ = Yiun-e>
end for
else  -- shortening

fork=0to E-1

€ = Yi:
end for
end if
end if
54.1.3 Interleaving of coded bits

The bit sequence e, e ,e,,...,e. , is interleaved into bit sequence f,, f, f,,...

If IBIL =1

Denote T as the smallest integer such that T(T +1)/2 >E;

k=0;
fori=0toT -1
for j=0t0 T-1—i
if k<E
Vi =€
else
V;; =< NULL>;
end if
k=k+1;
end for
end for
k=0,

for j=0to T -1

3GPP
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f_ ., as follows:
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fori=0toT-1-]j

if v, =< NULL>

fe=vi
k=k+1
end if
end for
end for

else
fori=0to E-1

f=e,;

end for
end if

The value of E is no 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

fo, £, £ fo g
5421 Bit selection

The bit sequence after encoding d,,d,,d,....,d, , from Clause 5.3.2 is written into a circular buffer of length N, for the
I -th coded block, where N is defined in Clause 5.3.2.

For the r -th code block, let Ny, = N if I g, =0 and N, =min(N, N, ) otherwise, wherey - rBSLBRM ,
"’ C-Rigrm

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

- elseif 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
- 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 is given 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 given by a pdsch-Config for at least one DL BWP of the serving cell is
set to 'gam256', maximum modulation order Q_ =8 is assumed for DL-SCH; otherwise a maximum modulation

order Q,, =6 is assumed for DL-SCH;
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- if the higher layer parameter mcs-Table or mcs-TableTransformPrecoder given by a pusch-Config or
configuredGrantConfig for at least one UL BWP of the serving cell is set to 'qgam256', maximum modulation
order Q,, =8 is assumed for UL-SCH; otherwise a maximum modulation order Q, = 6 is assumed for UL-SCH

- maximum coding rate of 948/1024;

Nprg = Npra,Larv 1S given by Table 5.4.2.1-1, where the value of Npgpg | gry for DL-SCH is determined
according to the initial downlink bandwidth part if there is no other downlink bandwidth part configured to the
UE;

- Npe =156 N i

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

Table 5.4.2.1-1: Value of Nppg | pry

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

SCH and UL-SCH, respectively AR Y

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 g, the rate matching output sequence length for the r -th coded block, where the value of g 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]I 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,

r

else

if j<c-mod(G/(N, -Q,)C)-1
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where

- N, isthe number of transmission layers that the transport block

- Q, Isthe modulation order;

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

- C'=C if CBGTI is not present in the DCI scheduling the transport block and C* is the number of scheduled
code blocks of the transport block if CBGTI is present in the DCI scheduling 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 e, , k=0.12,....E—1, is generated as follows, where k, is given 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, w, #<NULL>

ko-+j)mod
e = d(km)mochb:
k=k+1;
end if
j=j+1;
end while

Table 5.4.2.1-2: Starting position of different

3GPP TS 38.212 V16.1.0 (2020-03)

is mapped onto;

redundancy versions, k,

k
rv, g
‘ LDPC base graph 1 | LDPC base graph 2
0 0 0
. 17N, C 13N, 7
| 66Z, | 50Z, |
5 33N, z, 25N,
| 66Z, | 50Z, |
3 56N, . 43N,
| 66Z, | 50Z,
5.4.2.2 Bit interleaving

The bit sequence e e e,,....ec ,

value of Q,, is the modulation order.
for j=0to E/Q, -1

fori=0t Q, -1

fi+j-Qm =€ierQ,+j :

3GPP
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end for

end for

54.3 Rate matching for channel coding of small block lengths

The input bit sequence to rate matching is d,,d,,d,,...,d, ,- The output bit sequence after rate matching is denoted as
f,, f,, f,...., fr,» where E is the rate matching output sequence length. The bit sequence f, f,, f,,..., f. , is obtained by
the following:

fork=0to E-1

fi =y moan :

end for

55 Code block concatenation

The input 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 I -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=0 and 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

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 according to [4, TS
38.211].
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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 bits in a transport block delivered to layer
lbyay,a;,a,,83,.., a4, and the parity bits by py, p;, P2, P35+, PL_1, Where A is the payload size and L is the
number of parity bits. The lowest order information bit &, is mapped to the most significant bit of the transport block
as defined 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,,bs,...,bg_;, where B=A+L.

6.2.2 LDPC base graph selection

For initial transmission of a transport block with coding rate R indicated by the MCS index according to Clause 6.1.4.1
in [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 A<292,orif A<3824 and R<0.67, or if R <0.25, LDPC base graph 2 is used,;
- otherwise, LDPC base graph 1 is used,

where A is the payload size as described in Clause 6.2.1.

6.2.3 Code block segmentation and code block CRC attachment

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

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

The bits after code block segmentation are denoted by €., C,1,Cy,Cy3,...,Cr(k, 1), Where I is the code block number
and K, is the 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 bits in a code block are denoted by
Cr0+Cr11Cr2: Crasenns Cr(k, -1)» Where I is the code block number, and K is the number of bits in code block number r .

The total number of code blocks is denoted by C and each code block is individually LDPC encoded according to
Clause 5.3.2.

After encoding the bits are denoted by d,.d,.d,,d where the values of N is given in Clause 5.3.2.

r3""'dr(Nr—1)’

6.2.5 Rate matching

Coded bits for each code block, denotedas d .. d..d...d are delivered to the rate match block, where I is

'R d 1

ros Yr1r Y20 Yr3ae Ye(N 1)

the code block number, and N, is the number of encoded bits in code block number I . The total number of code
blocks is denoted by C and each code block is individually rate matched according to Clause 5.4.2 by setting |

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

LBRM =1

LBRM

After rate matching, the bits are denoted by f_, f , f where E, is the number of rate matched bits for

r21 fr3 """ fr(E,—l)’
code block number r.
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6.2.6 Code block concatenation

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

r0r 'riy Tr2y Tr3seen fr(Er—l)’
r=0..,C-1 and where E, isthe number of rate matched bits for the I -th code block.

Code block concatenation is performed according to Clause 5.5.

The bits after code block concatenation are denoted by g,,9,,9,,05,....0g_;» Where G is the total number of coded bits
for transmission.

6.2.7 Data and control multiplexing
Denote the coded bits for UL-SCH as gg- ", g, >, gt g% .., gé’b{_ﬁ%ﬂ_l.

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

parameter cg-CG-UCI-Multiplexing is configured, if any, as g2, g/, g2, g?CK,...,ggfc'i_l.
Denote the coded bits for CSI part 1, if any, as gy P, g/~ ™™, g% P, g P, | g i
Denote the coded bits for CSI part 2, if any, as gg5° **", g > ™" g5 *, ggs"panz,...,gg‘z"s,'_ﬂjf,ﬁfl.

Denote the coded bits for CG-UCI without HARQ-ACK, if any, as g§¢-UC!, gfG-UCl gCG-UCI gCG-UCI " gg?;gﬂ%_l.
Denote the multiplexed data and control coded bit sequence as ¢, d;,9,, U3, Jg4-

Denote | as the OFDM symbol index of the scheduled PUSCH, starting from 0 to NPUSCH _1, where N°YSCH s the

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

Denote k as the subcarrier index of the scheduled PUSCH, starting from 0 to M2USH _1, where M PUsH is expressed as
a number of subcarriers.

Denote @~ as the set of resource elements, in ascending order of indices k , available for transmission of data in
OFDM symbol |, for 1 =0,1,2,...,NFUscH _1.

symball —

Denote  u-scH (|):‘q)|UL-SCH‘ as the number of elements in set ¢ ”~". Denote CDIUL’SC“(j) as the j -th element in

UL-SCH
D, .

Denote @ as the set of resource elements, in ascending order of indices k , available for transmission of UCI in
OFDM symbol |, for | =0,1,2,...,NJ 2% —1. Denote v v (|):‘<DIUC" as the number of elements in set @’ . Denote

@' (j) 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, @ = @5

If frequency hopping is configured for the PUSCH,

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

- denote 1® as the OFDM symbol index of the first OFDM symbol after the first set of consecutive OFDM
symbol(s) carrying DMRS in the second hop.

- denote Iéls)l as the OFDM symbol index of the first OFDM symbol that does not carry DMRS in the first hop;

- denote 1@ as the OFDM symbol index of the first OFDM symbol that does not carry DMRS in the second hop;

Csl

3GPP



Release 16 36 3GPP TS 38.212 V16.1.0 (2020-03)

- if HARQ-ACK is present 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

© K@ =N, Q, (6" (2:N, -Q, )] and 6" (@) =N, -Q, [6"* 2:N, -Q,)]
- if CSl is present for transmission on the PUSCH with UL-SCH, let
- ey N, -Q, -|6S 2N, 0, )]
-GS N, Q. .’—GCS"pam/(Z' N, -Q, )-‘ ;
- e N, Q, 62N, o) and
- G N Q. .]—GCS""“Z/(Z- N, -Qp )-‘ ;
- if CG-UCl is present for transmission on the PUSCH with UL-SCH and without HARQ-ACK, let

GEETU (D) = Ny » Qn * |65~ /(2 Ny @)l and G (2) = N, » Qe+ [GE67V1 /(2 Ny Q)]

- ifonly HARQ-ACK and CSI part 1 are present for transmission on the PUSCH without UL-SCH, let
- GMR() = min(NL -Q, .LGACK /(2, N, Qm)J , M N, .Qm);
- GACK (Z)ZGACK _GACK (1) 7
- GCSI-partl(l) =M 1’N|_ . Qm _ GACK (1) : and
- GCSI-partl(Z) — GCSI-partl _ GCSI-partl(l) ,
- ifHARQ-ACK, CSI part 1 and CSI part 2 are present for transmission on the PUSCH without UL-SCH, let
GACK(l) — mln(NL 'Qm 'LGACK /(2_ Nl_ 'Qm)J , M 3'NL -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, G #*t(1) = min(N, -Q, -[G®™"/(2-N_ -Q, )], M;N, -Q, —G***®));

otherwise, G(®) = min(N, -Q, | G /(2:N.-Q,) | . MyN, -Q, -G )
- GCSI-partl(z) _ GCSI-partl _ GCSI-partl(l) ,

- GHP() =M N, -Q, — G y1) if the number of HARQ-ACK information bits is no more than 2, and
GCSI-panZ(l) -M 1-N . 'Qm _ GACK (1) _ GCSI-part]_(l) otherwise; and

- GHP(2) =M ;N -Q, -G (2) if the number of HARQ-ACK information bits is no more than 2, and
GCSI-partZ(Z) =M 2'N|_ . Qm _ GACK (2) _ GCSI-partl(z) Otherwise;
- if CG-UCl is present for transmission on the PUSCH with UL-SCH and without HARQ-ACK, let
GESIParti (1) = min(Ny - @+ [GES17P4" 1 /(2 Ny Q)] My~ Ny - @ — GE4UCI (1) );
GCSI—partl (2) — GCSI—partl _ GCSI—partl (1)
GCSI—paTtZ(l) — 1\,[1 . NL . Qm _ GCG—UCI(l) _ GCSI—partl(l); and
GCSI—paTtZ(z) — 1\,[2 . NL . Qm _ GCG—UCI(z) _ GCSI—partl(z);

- if CSl part 1 and CSI part 2 are present for transmission on the PUSCH without UL-SCH, let
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G (@) =min(N,-Q, [ ™™ /(2N Q) |, MyN,-Q, ~Gl5* W)

- G (o] -partl(z) — G CSl-partl GCSI -partl(l) ,
- GCSI-partz(l) =M ¢ N L Qm -G csl -partl(l) ; and
GCSI -partZ(Z) =M 5 N L Qm _ GCSI -partl(z) ,

- let NP =2, and denote NJUEE (1), NJoCh (2) as the number of OFDM symbols of the PUSCH in the first

symbhop symbhop
and second hop, respectively;

- N_ is the number of transmission layers of the PUSCH;

- Q, is the modulation order of the PUSCH;

NG monop (11

M= > M),

1=0 !

NG st (DN (2)-1
M, = > M)

1=Njmtnon (1)

N0
My= 2, M(1)

1=1®

If frequency hopping is not configured for the PUSCH,

- denote |1 as the OFDM symbol index of the first OFDM symbol after the first set of consecutive OFDM
symbol(s) carrying DMRS;

- denote | as the OFDM symbol index of the first OFDM symbol that does not carry DMRS;

Csl

- ifHARQ-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 G~ (1) = GA%,

- if CSl is present for transmission on the PUSCH, let G©s-partyq) — gSivatt and G ©SIpart?(1) = G O8I-Part2,

- if CG-UCl is present for transmission on the PUSCH without HARQ-ACK, let G¢6-UCI(1) = gC¢G-UCI.

PUSCH PUSCH PUSCH
- Iet Nhop =l and Nsymb,hop(l) = Nsymb,all :

The multiplexed data and control coded bit sequence ¢, d;,d,,Js,...,Jg_ IS obtained according to the following:

Step 1:
Set cT)IUL-SCH — cI)IUL-SCH for I — o’ l, 2, o N PUSCH l,

symball —

Set M-S (1) = || for 1=0,1,2,...,NFuseH —1;

symball —

Set @Y =Y for 1=0,1,2,...,NJ%H —1;

symball —

Set MSLCJC|(|):|§)|UC|| for 1 =0,1,2,... NPYSH _1;

symball —

if the number of HARQ-ACK information bits to be transmitted on PUSCH is 0, 1 or 2 bits and without CG-UCI
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the number of reserved resource elements for potential HARQ-ACK transmission is calculated according to Clause
6.3.2.4.2.1, by setting O, =2;

denote GA¢ 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 A1) =N, -Q, 'LG

G (2)=N,-Q, [Gi*/(2:N,-Q,)] :

ACK /(Z'NL'Qm)J and

rvd

if frequency hopping is not configured for the PUSCH, let G2 (1) = GAS¥;

nd
denote @™ as the set of reserved resource elements for potential HARQ-ACK transmission, in OFDM symbol |,
for 1=0,1,2,...,NJUH —1;

symball —

Set mAo (1) =0;

count

Set m:(2) = 0;

count

o=@ for1=0,1,2,..,N 2370 —1;

symball —

fori=1to N:OL;SCH

=10

while m?SX (i) < G2 (i)

count
it MJ“'(1)>0
if Grg" () =Mz () = M7 (1)-N_-Q,
d=1;
mRE — Msl;L-SCH (I),

count

end if

if G2 (i) —m’ () < MY (1)-N, -Q,

d =| ML (1)-N,-Q, /(i () -misk ) |

M, =] (G5 () -mask )/ (N.-Qq) |
end if

for j=0to me —1

count
(T)lrvd — (T)Irvd U{&)llJL-SCH ( J d)}

Mo (1) = Mg () + N -Q,.;
end for
end if

I=1+1;
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end while
end for
else
oM =g for 1=0,1,2,..,Nooot -1
end if
Denote M2 (1) = ‘6,”" as the number of elements in .
Step 2:

if HARQ-ACK is present 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 m&% (1) =0;

count

Set m:"(2) = 0;

count

Set mA¢ =0;

countall —

fori=1to N:OL;SCH

=10,

while M2 (i) < GA¥(i)

count
it MJ“'(1)>0

if G (i) ~mAs (i) > MY (1)-N, -Q,

count SC

d=1,
Mg =M™ (1)
end if

if GACK(i)_mACK(i) < MUCI (I) N|_ .Qm

count sc
d=| M&(1):N_-Q, /(G () -misn (@) |
mes, =[(6"e i) -mas @I, -Q, )] :
end if
for j=0to m;im -1
k=3 (j-d);
forv=0to N_-Q, -1

ACK

g, kv = 9 ac

)
‘count,all
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ACK ACK
count,all count all + 1

m

ACK ACK r3 .
count (I) mcount (I) + 1’

end for

end for

(I)UCI

1,tmp

_®-

for j=0to my, —1

count
D'y = Py UD (-d);
end for

&)IUCI (DUCI \q)UCI

| tmp

T UL-SCH UL-SCH | &7 UCI
D, CD \ (D| .

MUCI (I):|CT)IUCI|;

sC

\ 7 UL-SCH A UL-SCH | -
M ) =|@p>|;

end if
I=1+1;
end while
end for

end if

Step 2A:

If CG-UCI is present for transmission on the PUSCH without HARQ-ACK,

Set megune (1) = 0;
Set mcountCI (2) =0;
Set mEG=uct  — (-

count,all
fori = 1to Njy>¢"
= l(i);
while m&8;UCT (i) < GEE-VCI(i)
if /U (1) > 0
if GEmUI (@) = mEGant” (1) 2 M (DN, Qe
d=1,
MGunt = M ()

end if

3GPP
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it GEO7 (D) = mEGm (1) < Mg (1). Ny Q
d = [MEE' (DN Q@ /(G (@) — mEGai D)];
Mégune = [(6°7 (D) — Gt )/ (NL- Qm)]:
end if
forj=0to mRE,,, — 1
k= ®PC(j.d);
forv=0toN,.Q,, — 1

G-UCI

SLky = 8o e ;
Mcount,all

cG-ucl _ ,,,CG-UCI .
mcount,all - mcount,all +1

mcounta = mcounta ) +1;

end for
end for
D imp = 9

forj=0tomkE,, —1
Dlimp = Pllemp U /(. d);
end for
cDUCI (DUCI\Q)thCI .
mp»

CT)lUL_SCH q)UL SCH\q)UtCI .
mp?
MW = |3,
MUL—SCH(I) - |CT)%IL—SCH|.
Sc H
end if
l=14+1;
end while

end for

end if

Step 3:

if CSl is present for transmission on the PUSCH,

Set mCSI -partl(l) — 0 :

count

Set mS#t(2) =0;

count

CSl-partl _ .
count,all 0 '

Set m

fori=1to N/
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—10 -
=1y

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

while mCSI-partl(i)<GCSI-partl(i)

count
it M2 (1)-M2 ., (1)>0

if GO () — O i) > (MY (1) - M2, (1)) N, -Q,

count

if GCSI-partl(i) _mCSI-panl(i) < (MSlCJCI (l )_ Mi) g (l )) NL 'Qm

count

= (M3 (1) =M (1)) N -Qu (G5 - () |

mfe =[G (i) - )N, -Q,)] ;
end if
(i)ltemp — (i)IUCI \(i)lrvd ;

for j=0to my. —1

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

N _ ~CSl-partl.
gl,k,v - ngSI-pam ’

count,all

CSl-partl __

CSl-partl
countall m

countall

m +1;

CSl-partlssy _ 4+CSl-partls: .
mcount (I) - mcount (I) +1’
end for

end for

(T)UCI _®’

Itmp —

for j=0to me —1

count
(T)Iutcmlp = (T)Iutcmlp U(T)Itemp ( j-d ) ,

end for

3GPP
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q_)|UCI - cT)lLJCI \(T)UCI

I,tmp .
)

A UL-SCH __ 5 UL-SCH \ &/ UCI
® =0 \®

| | I,tmp .

1

MUCI (I):|(T)IUCI|;

M UL-SCH (|) _ |CT)UL-SCH| .
sC - | !
end if
I=1+1;
end while

end for

Set m&Pe(y = Q;

count

Set m&Pat2(2y = Q;

count

Set mCSl -part2 — 0 :

countall

for i=1to Ny->"

—_1® -
I—Icsw

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

while m;sl:r;{)artZ(i) <GCSI—part2(i)

it MJ“'(1)>0

if GCSI-partZ (|) _ mCSI-partZ (|) > M ucl (I) NL 'Qm

count SC
d=1;
Mo =M (1)
end if

if GCSI—partZ (l) _ mCSI—partZ (I) < M ucl (l) N|_ 'Qm

count sC

d= LM;JCI (| ) N, .Qm/<GCSI-Pan2 (i) - mccosu|n-?anz (I))J ;

mfe = [(Go P2y —mS P2 i))/(N, -Q,)] :

end if

for j=0to Mo —1

count

3GPP
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k=8 (j-);

forv=0to N -Q, -1

g _ ~CSl-part2.
- CSl-part2
Lkv mcount‘?i‘ilt '
CSl-part2 __ ., CSl-part2 .
mcountall _mcountall +1'

Met (1) = Mgt (1) +1;

end for

end for

for j=0to me —1

count

Dy =Py, U™ (J-d);
end for

(T)IUCI — CT)lUCI \(T)UCI

I,tmp .
1

T UL-SCH _ 4 UL-SCH | s UCI
o, =0, \(Dl,tmp .

M2 (1) = [
M UL-SCH (|) _ |q_)UL-SCH| .
sc - | ’
end if
I=1+1;
end while

end for

end if

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

Set mUL—SCH — 0,

count

for [=0to NJ o -1
if M=% (1)>0
for j=0to M- (1)-1
k — (T)|UL-SCH ( J) ’

forv=0to N -Q, -1

3GPP
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— _ _UL-SCH .
Gikv = Gpusen

UL-SCH __ ., UL-SCH .
mcount - mcount +1’

end for
end for
end if
end for

end if

Step 5:

3GPP TS 38.212 V16.1.0 (2020-03)

if HARQ-ACK is present for transmission on the PUSCH without CG-UCI and the number of HARQ-ACK information

bits is no more than 2,

Set mA<(1) =0;

count

Set m:"(2) = 0;

count

Set mA% =0;

countall —

fori=1to N:OL;SCH

=10

while M2 (i) < GA¥(i)

count

it Mg o (1)>0
if G" (i) —mim (i) = M2 (1)-N,_-Q,
d=1;
fount = Mg s (1)
end if

it GA (i) —ma (i) < M2 ., (1)-N,-Q,
d = M2 (1) N Qu/(G* () -mEZi) |
mE, =[G -mA% @), -Q,)]
end if
for j=0to my, —1

k=®"(j-d);

forv=0to N_-Q, -1
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G.o=0 ACK
Lkv m?c?rfz,au

ACK ACK .
m =m +1;

count,all = ""'count,all

Migane (1) = Mgy (1) +1;
end for
end for
end if
I=1+1;
end while

end for

end if

Step 6:
Sett=0;

for [=0to NJoi -1
for j=0to M- (1)-1
k — cDIUL-SCH ( J)'

forv=0to N _-Q, -1

9 = Ty
t=t+1;
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

3GPP TS 38.212 V16.1.0 (2020-03)

If only HARQ-ACK bits are transmitted on a PUCCH, the UCI bit sequence ay,8;,,,85,..., a5 iS determined by
setting a, =0,"™ for i=0,1,...,0** —1 and A=0"%, where the HARQ-ACK bit sequence 6;'“,6,"™,....0 ;&

is given by Clause 9.1 of [5, TS38.213].

If only HARQ-ACK and SR bits are transmitted on a PUCCH, the UCI bit sequence a,,a;,8,,a3,...,85_; IS
determined by setting a, =0, for i =0,1,...,0°% -1, a, =0 fori =0A"K OAK 11,...,0%K + OR —1, and
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A=0"% + 0%, where the HARQ-ACK bit sequence 6, 6,"™,...,0 ;& | is given by Clause 9.1 of [5, TS 38.213],

and the SR bit sequence Op ", 0, y...,0 o

.0s_, is given 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 ports is 2 for Rank=1 and 1 for Rank=2,

according to Clause 5.2.2.2.1 in [6, TS 38.214].

The bitwidth for PMI of codebookType=typel-SinglePanel with more than 2 CSI-RS ports is provided in Tables
6.3.1.1.2-1, where the values of (N;,N,)and (0;,0,) are given by Clause 5.2.2.2.1 in [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 PMI PMI
or per subband PMI
(i1,1! i1,2) : Iy
h3
codebookMode=1 codebookMode=2 codebookMode=1 | codebookMode=2
N,O
Rank = 1 with >2 ( |092 |
= ([log, NGO, |, 5
CSI-RS ports, N/A 2 4
N, >1 |_|ng N202—|) | N,O,
09, > )
Rank = 1 with >2 log, N.O. |, r 7
CSI-RS ports, (|Tog; NO, | ( Iogz(Nlolj 0) | N/A 2 4
N, =1 ﬂogz Nzoz—l) 2
Rank=2 with 4 log, N.O, |, r 7
CSI-RS ports, (I_ 92 ™ l—‘ ( |092(N101) ,0) 1 1 3
N, =1 I_Iogz N202—|) 2
N,O
=2 wi (| log, ——|.
Rggk—stnh >4 (“092 Nlol—‘ , 2
I-RS ports, 2 1 3
N, >1 “ng Nzoz—l) | NZOZ
09, > )
Rank=2 with >4 log, N.O. |,
CSI-RS ports, ([log, N.G; | (Pogz(mﬂ, 0 | 2 1 3
N, =1 “092 N202—|) 2
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, N0, |.[ log, N,O, |) 2 1
RS ports
Rank=3 or 4, N.O
with >=16 CSI- ([Iogz #] .[log, N,O, |) 2 1
RS ports 2
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Rank=5 or 6

([log, N,O, ][ log, N,O, )

N/A

Rank=7 or 8,
Nl = 4, Nz :1

N,O
{Iong] [log, N,0, )

N/A

Rank=7 or 8,
N;>2,N, =2

([ log, N,O, | 1’]092

2

NZOZ —‘)

N/A

Rank=7 or 8,
with
N, >4,N, =1

N;=2,N, =2
or
Ny, >2,N, >2

or ([log, N,O, |, log, N,O, |)

N/A

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

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

Information fields X,
Information fields X, for wideband for wideband
or per subband
( ilxl ! ilxz ) i1,3 i1.4,1 i1,4,2 i1,4,3 i2 iZ,O i2,l i2,2
—1 wi _ ({log, NGO, |,
Rank=1with N, =2 ] ] NA| 2 | NA [ NA T 2 | NA | NA | NA
codebookMode=1 [log, N,O, |)
Rank=1with N, =4 [1og: NG, | NAL 2 |2 | 2 | 2 [ NA|NA | NA
codebookMode=1 [log, N,O, |)
Rank=2 with Ng =2, (flog N O—l
NN, = 2 2 1| 2 | NA|[NA| 1 | NA|[NA|NA
12 ﬂogz Nzoz—l)
codebookMode=1
Rank=3 or 4 with Ng =2, (flog N O‘l
N.N. = 2 2 0| 2 |NA|NA| 1 |[NA|NA|NA
12 [log, N,O, |)
codebookMode=1
Rank=2 or 3 or 4 with Ng =2, (|_|09 N O‘l
2 11 |»
2 2 N/A N/A 1 N/A | N/A | N/A
N1N2 >2 |_|ng Nzoz—l)
codebookMode=1
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Rank=2 with Ng =4, (|'Iog N.O -l
2 1~1 |
N.N. =2 1 2 2 2 1 N/A | N/A | N/A
L2 [log, N0, )
codebookMode=1
Rank=3 or 4 with Ng =4, (|'|Og N.O -l
NN =2 L 0| 2| 2| 2 |1 |NA|NA|[NA
L2 [log, N0, |)
codebookMode=1
Rank=2 or 3 or 4 with Ng=4, (|_|09 NO—I
2 N1V |
2 2 2 2 1 N/A | N/A | N/A
N1N2 > 2 I-Iog2 N202_|)
codebookMode=1
—1 wi _ ({log, NO, |,
Rank=1with Ny =2 ] | NA| 2 | 2 [NAINA| 2 | 1] 1
codebookMode=2 [log, N,O, |)
Rank=2 with Ng =2, (flog N.O ‘l
2 1~ |
N.N.=2 1 2 2 N/A | NA | 1 1 1
L2 [log, N0, |)
codebookMode=2
Rank=3 or 4 with Ng =2, (|'Iog N.O -l
2 1~1 |
N.N. =2 0 2 2 N/A | NA | 1 1 1
L2 [log, N,O, )
codebookMode=2
Rank=2 or 3 or 4 with Ng:2, (|'|Og NO—I
2 1~1 |
2 2 2 N/A | N/A 1 1 1
WM, > 2 [log, N,0, 1)
codebookMode=2
The bitwidth for PMI with 1 CSI-RS port is 0.
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 min (1' |7|ng Ngy D min (21|7|092 Nri —D |7|ng nRI—I |7|ng nRJ
Layer Indicator [log,v] min(2,[log,v]) | min(2,[log,0]) | 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 [log. (ke ™)] | [log, (K& ™)] | [log, (k)| | [log,(k&™)] | [log, (k& ™)]

Ng, in Table 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].

L is the value of the rank. The value of KSCS'_RS is the number of CSI-RS resources in the corresponding resource set.
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The values of the rank indicator field are mapped to allowed rank indicator values with increasing order, where '0' is
mapped to the smallest allowed rank indicator value.

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, ng, |)
Layer Indicator min(2,[log,v )
Wide-band CQI 4
Subband differential CQI 2
CRI hog , (KSCSI RS )-‘

where n_ is the number of allowed rank indicator values according to Clause 5.2.2.2.2 [6, TS 38.214], v is the value

of the rank, and KSCS'_RS is the number of CSI-RS resources in the corresponding resource set. The values of the rank

indicator field are mapped to allowed 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.

Table 6.3.1.1.2-5: RI, LI, and CQI of codebookType=typell or typell-PortSelection

Field Bitwidth
Rank Indicator min (L[ log, 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 | [log, (2L ~1)]

where n,, is the 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 is the value of the rank. The values of the rank indicator field are mapped to allowed rank indicator values with
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.

Table 6.3.1.1.2-6: CRI, SSBRI, and RSRP

Field Bitwidth
CRI [log, (k&)
log, (k]
RSRP 7
Differential RSRP 4

where KSCS'_RS 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-Index-RSRP".
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The bitwidth for CRI, SSBRI, SINR, and differential SINR are provided in Table 6.3.1.1.2-6A.
Table 6.3.1.1.2-6A: CRI, SSBRI, and SINR

Field Bitwidth
CRI [log, (KEST-F)]
SSBRI [log, (K35B)]
SINR 7
Differential SINR 4

where KEST-RS is the number of CSI-RS resources in the corresponding resource set, and K358 is the configured number
of SS/PBCH blocks in the corresponding resource set for reporting 'ssb-Index-SINR'.

Table 6.3.1.1.2-7: Mapping order of CSl fields of one CSl report, pmi-Formatindicator=widebandPMI
and cqi-Formatindicator=widebandCQl

CSl report .
number CSil 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 X2 , from left to right as in Tables 6.3.1.1.2-1/2, or codebook

index for 2 antenna ports according to Clause 5.2.2.2.1in [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 O, in Table 6.3.1.1.2-7 is 0 for 1 CSI-RS portand Op = N, — N oeq fOr more than
1 CSI-RS port, where

- Nmax = max B(r) and S

r€SRank

rank 1S the set of rank values  that are allowed to be reported;

- Nipores= B(R), where R is the reported rank;

- For 2 CSI-RS ports, B(r)=Npy,(r)+ Ngg (r)+ N, (r);

- For more than 2 CSI-RS ports, B(r)=Npyuiu(r)+ Noyyo (1) + Neg, (r)+ N, (r);

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

- if PMI j is reported, Npy,;;(r) is obtained according to Tables 6.3.1.1.2-1/2; otherwise, Ny (r)=0;
- if PMI jo is reported, Ny (r) is obtained according to Tables 6.3.1.1.2-1/2; otherwise, Npy,,(r)=0;

- if CQl is reported, Ncg (r) is obtained according to Tables 6.3.1.1.2-3/4; otherwise, N (r)= 0;

- if Ll isreported, N ,(r) is obtained according to Tables 6.3.1.1.2-3/4; otherwise, N ,(r)=0.
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Table 6.3.1.1.2-8: Mapping order of CSl fields of one report for CRI/RSRP or SSBRI/RSRP reporting

CSl report

number 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

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

CSl report

CSl fields
number

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=

subbandPMlI or cqi-Formatindicator=subbandCQI

CSl report number

CSil fields

CSl report #n
CSlpartl

CRl 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 CQI 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

Indicator of the number of non-zero wideband amplitude coefficients M, for layer O 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, CSl part 2 wideband, pmi-

Formatindicator= subbandPMI or cqi-Formatindicator=subbandCQI

CSl report
number

CSil fields

CSl report #n
CSl part 2
wideband

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

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 )(2 , 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-

Formatindicator= widebandPMI and if reported

3GPP



Release 16 53 3GPP TS 38.212 V16.1.0 (2020-03)

Table 6.3.1.1.2-11: Mapping order of CSl fields of one CSI report, CSI part 2 subband, pmi-
Formatindicator= subbandPMI or cqi-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 cqgi-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 X2 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 0.

If none of the CSI reports for transmission on a PUCCH is of two parts, the CSI fields of all 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,,a;,a,,as,..., a5 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 d,,.

Table 6.3.1.1.2-12: Mapping order of CSI reports to UCI bit sequence ay,a;,a,,3a;,..,a,4, Without two-
part CSl report(s)

UCI bit sequence CSl report number
a, CSl report #1
asin Table 6.3.1.1.2-7/8
& CSl report #2
a, asin Table 6.3.1.1.2-7/8
8
CSl report #n
apy as in Table 6.3.1.1.2-7/8

If at least one of the CSI reports for transmission on a PUCCH is of two parts, two UCI bit sequences are generated,
a(()l),ai(l),agl),aél),,_,,ag({)fl and ag?),a1<2>,a;2>,a§2>,_.,,af(g)fl. The CSiI fields of all CSlI 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’,a{”,a”,a’,...,a%,  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 the first field is mapped toa{" . The CSI fields of all 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/?,a{?,a{?,....a%) | starting with a{. 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”,a{”,a{”,a{?....,a{), | is less than 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 CSl reports to UCI bit sequence al,a® af’,a®,....a"

AW’
with two-part CSl report(s)

UCI bit sequence CSl report number

CSl report #1 if CSl report #1 is not of two parts, or

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

al(l) CSl report #2 if CSl report #2 is not of two parts, or
) CSl report #2, CSl part 1, if CSI report #2 is of two parts,

a, as in Table 6.3.1.1.2-7/8/9

al’

a® CSl report #n if CSI report #n is not of two parts, or
A® -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 CSI report #1, CSI report #2, ..., CSI report #n in Table 6.3.1.1.2-13 correspond to the CSI reports in increasing
order of CSI report priority values according to Clause 5.2.5 of [6, TS38.214].

Table 6.3.1.1.2-14: Mapping order of CSI reports to UCI bit sequence a{?,a®,a{?,a{”,...a%,

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 CSl 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

ay?
(2)

& CSl report #n, CSI part 2 wideband, as in Table 6.3.1.1.2-10

aéz) if CSI part 2 exists for CSI report #n

al® CSl report #1, CSl part 2 subband, as in Table 6.3.1.1.2-11
. if CSl part 2 exists for CSl report #1

a® CSl report #2, CSI part 2 subband, as in Table 6.3.1.1.2-11
A1 if CSI part 2 exists for CSI report #2

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

where CSI report #1, CSI report #2, ..., CSl report #n in 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 CSI reports for transmission on a PUCCH is of two parts, the UCI bit sequence a,,a;,a,,83,..., 81 IS
generated according to the following, where A=0"%* +0O¥ + 0% :

- ifthere is HARQ-ACK for transmission on the PUCCH, the HARQ-ACK bits are mapped to the UCI bit
SeqUeNce ay,a,, a,,a,,..., u ,» Where a, =™ for i=0,1,...,0°° -1, the HARQ-ACK bit sequence
60ACK ~ ACK ~ ACK

0"",....0 ke , is given by Clause 9.1 of [5, TS38.213], and 0" is number of HARQ-ACK bits; if there
is no HARQ-ACK for transmission on the PUCCH, set QACK —;
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- if there is SR for transmission on the PUCCH, set 3. = g* for i =0”™,0*° +1,...,0*™ + 0¥ -1, where

the SR hit sequence 503R, 615R,...,6§; _, isgiven by Clause 9.2.5.1 of [5, TS 38.213]; if there is no SR for

transmission on the PUCCH, set O —;

- 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 @_.oc, o ,a , starting with @ .« » Where 0% isthe

OACK +OSR +11"'laOACK +OSR +OCSI _
number of CSI bits.

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

1 1 1 1 1 2 2 2 2 2 H H
al’,a?,af’,af’,..,a, | and al?,a?,af?,al?,...,al?, , according to the following, where

A(l) — OACK + OSR + OCSI-partl and A(Z) — OCSI-partZ:

- if there is HARQ-ACK for transmission on the PUCCH, the HARQ-ACK bits are mapped to the UCI bit
sequence af’,a®,al’,af’,...,al , where a® =5 for i =0,1,...,0" —1, the HARQ-ACK bit sequence
0y, 0/ ...,00%& , is given by Clause 9.1 of [5, TS38.213], and O** is number of HARQ-ACK bits; if there
is no HARQ-ACK for transmission on the PUCCH, set QACK _;

- if there is SR for transmission on the PUCCH, set g = * for i =0*™, 0% +1,...,0°™ + OF -1, where

~ SR

the SR bit sequence 503R, 615R,...,005R _, Isgiven by Clause 9.2.5.1 of [5, TS 38.213]; if there is no SR for

transmission on the PUCCH, set QR —;

- 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 a® cIve LAl starting with %) where Q<P s the

OACK+OSR il +OSR 1 . +OSR +0CS|'P3"1,]_ ACK+OSR 1

number of CSI bits in CSI part 1 of all CSI reports;

- the CSl fields of all 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{®,a{?,a{?,....a%,  starting with a{, where O **"* is the number of CSI bits in

CSlI part 2 of all CSI reports. If the length of UCI bit sequence aéz),al(z),agz),aéz),...,ai\fl)_l is less than 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 is denoted by a,,a,,a,,83,...,8_4, Where A is the payload size. The
procedure in 6.3.1.2.1 applies for A >12 and the procedure in Clause 6.3.1.2.2 applies for 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) or if A>1013, ., =1; otherwise | =0, where E is the rate matching output sequence

length as given in Clause 6.3.1.4.1.

If 12 < A<19, the parity bits p,q, py1, Pz, Pr(Lg) In Clause 5.2.1 are computed by setting L to 6 bits and using the
generator polynomial g...(D) in Clause 5.1, resulting in the sequence Cr0+Cr15Cr2, Crarnns Cr(k, -1) Where I is the
code block number and K is the number of bits for code block number r .

If A>20, the parity bits p,y, py, Pr2.e- Pr() i Clause 5.2.1 are computed by setting L to 11 bits and using the
generator polynomial g_..,,(D) in Clause 5.1, resulting in the sequence Cr0+Cr1:Cr2, Crgsnns Cr(k, 1) Where I is the
code block number and K, is the number of bits for code block number 1.

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.
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The output bit sequence is denoted by ¢y,¢;,C5,C5,.-, C g, Where ¢, =a, 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,,Cy1,Cr2,Crgsens C(k, 1) » Where 1

is the code block number, and K is the number of bits in code block number r . The total number of code blocks is
denoted by C and each code block is individually encoded by the following:

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

I,,=0,n,c =3, npg =11if E —K, +3>192 and nS0 =0 if E, —K, +3<192, where E, is the rate matching
output sequence length as given in Clause 6.3.1.4.1.

If K, >30, the information bits are encoded via Polar coding according to Clause 5.3.1, by setting n_. =10, I, =0,

wm
Npc =0, and ngd =0.

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

. where N, is the number of coded bits in 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;,¢;,C5,C5,...,Cx_4, Where K is the
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 is the number of coded bits.

6.3.1.4 Rate matching

For PUCCH formats 2/3/4, the total rate matching output sequence length E,  is given by Table 6.3.1.4-1, where

N PUCCH, 2 N PUCCH,3 N PUCCH, 4
symb,UCI ’ symb,UCI * symb, UCI

NPYCCH.2 and N PUCCH:3 gre the number of PRBs that are determined by the UE for PUCCH formats 2/3 transmission

PRB PRB
respectively according to Clause 9.2 of [5, TS38.213]; and NESCCH'Z, N;’ECCH'3

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

and are the number of symbols carrying UCI for PUCCH formats 2/3/4 respectively;

,and NEY°““ are the spreading factors

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

tot

Modulation order
PUCCH format QPSK T/2-BPSK
PUCCH format 2 16 No oot Nogs - /Neg 2 N/A
PUCCH format 3 24 - N;’;g,fgggl - Npg S8 /NS CCH3 12- N;;‘g,fggg - Npgg O3 I NEICCH3
PUCCH format 4 24 NJUCCH: | | PUCCr4 12. NPUSCH:# | N fucerH#
6.3.1.4.1 UCI encoded by Polar code

The input bit sequence to rate matching is d,.d,.d,,d.,.. where I is the code block number, and N, is the

d
(N D)
number of coded bits in code block number r .
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Table 6.3.1.4.1-1: Rate matching output sequence length E
UCI(s) for
transmission on a UCI for encoding Value of E
PUCCH
HARQ-ACK HARQ-ACK Eue = Evoe
HARQ-ACK, SR HARQ-ACK, SR Eue = Evoe
csl —
(CSI not of two parts) csl Euor = B
HARQ-ACK, CSI —
(CSI not of two parts) HARQ-ACK, CSI Euva = Bt
HARQ-ACK, SR, CSI HARQ-ACK, SR, E -E
(CSI not of two parts) | CSI ucl tot
csl CSl part 1 Eyq = Min (Em,[(ocs'-pa“u L)/ RO/ QJ-Qm )
(CSlofwoparts) | g part 2 Eue = Eq— Min(E o[ (0 # 4+ L)/ RIZ/Q, [ Q. )
HARQ-ACK, CSI . ACK CSl -partl max
HARQ-ACK, CSI part 1 Eye =min (Etm,RO £ Oy | ) R/ QJ‘Qm )
(CStof two parts) CSl part 2 Eua = B —min(E [ (02 + 0% 4 L) R /Q, | Q,, )
HARQ-ACK, SR, . ACK SR CSl -partl max
HARQ-ACK, SR, CSI | cSl part 1 Eyer =Min(E,,[ (0% + 0% + 0™ )Rz /Q, |Q, )
(CStoftwo parts) CSl part 2 Eue = Eu —min(E [0 + 0% + 05y )R /Q, ] Q, )

Rate matching is performed according to Clause 5.4.1 by setting 1, =1 and the rate matching output sequence length
to E, = LEum /Cuq J where C,, is the number of code blocks for UCI determined according to Clause 6.3.1.2.1 and

the value of E

is given by Table 6.3.1.4.1-1:

0" is the number of bits for HARQ-ACK for transmission on the current PUCCH,;

O is the number of bits for SR for transmission on the current PUCCH;

- O™ js the number of bits for CSI part 1 for transmission on the current PUCCH;

OS2 is the 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 "CSI (CSI of two parts)", equals O + Q"™ for "HARQ-ACK, CSI (CSI of two parts)",
and equals 0" + 0% + O™ for "HARQ-ACK, SR, CSI (CSI of two parts)" respectively in Table 6.3.1.4.1-

15

- R is the configured maximum PUCCH coding rate;

E,.. IS given by Table 6.3.1.4-1.

The output bit sequence after rate matching is denoted as f

output sequence in code block number r .

6.3.1.4.2

ro? frl’ frZ""’ fr(E,—l)

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

The value of E

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, f,, f,,..., f. ;-

3GPP

where E, is the length of rate matching

UCI encoded by channel coding of small block lengths

is determined according to Table 6.3.1.4.1-1 by setting L =0.
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6.3.1.5 Code block concatenation

The input bit sequence for the code block concatenation block are the sequences fror Fras Franens Frie for r=0,.,C-1

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

The bits after code block concatenation are denoted by g,,9,,d,,95,-.-,dg. . Where G'= [Ever /Cuci |- Cuar with the

values of E , and C, givenin Clause 6.3.1.4.1. Let G be the total number of coded bits for transmission and

G =G+mod(E,q,Cyy ) Set g, =0 for i =G',G'+1,...,G —1.

6.3.1.6 Multiplexing of coded UCI bits to PUCCH

If CSI of two parts are transmitted on a PUCCH, the coded bits corresponding to UCI bit sequence

al,a®,af,af,...,a®,  isdenoted by g¢’, 9, 9", g5",...,g¥),  and the coded bits corresponding to UCI bit
sequence al?,a®,a{?,a?,...,a?, isdenoted by gi”, 9”9, 9?,....9{%, . The coded bit sequence

00191, 95,95, 064, Where G =G® +G®, is generated according to the following.

Table 6.3.1.6-1: PUCCH DMRS and UCI symbols

Number of UCI - nd d

(I:thrgtiCOl;{] PUCCH DMRS | symbol indices _1 _UCI symb(?)l .2 _ ucl syml?gl .3 _UCI symtzg))l
(symbols) symbol indices . foé. indices set S, indices set S;¢, indices set Sj¢,

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 s, as UCI OFDM symbol index. Denote N{), as the number of elements in UCI symbol indices set S, for

i=1..,N¥  where S0) and NX. are given by Table 6.3.1.6-1 according to the PUCCH duration and the PUCCH

set

Nug .
DMRS configuration. Denote N PU¢Ct  — Z N @ as the number of OFDM symbols carrying UCI in the PUCCH.
i=1

symb, UCI ucl

Denote Q,, as the modulation order of the PUCCH.

For PUCCH format 3, set N> =12 NS “™* , where NFYC°H3 is 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].

For PUCCH format 4, set NY5™' =12/ NEY*™  where NS4 is the spreading factor for PUCCH format 4.

UucCl
i=1

i
Find the smallest j > 0 such that (Z NS)qu' NIl >G®,
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Setn, =0;

Set n, =0;

_ -1 )
Set N3 — (G ( NSZ;.J~ Nz -QmJ /(fog. Q, )J:
i=1l

= )
Set M =mod (G(l) _(ZNSEIIJ Nin(r:TImOI'QmJ/Qm ) Nl(JJ(gIJ’

i=1

CCH,
for =0 to NJ -0 -1
. IS
if s, eU SSél
i=1
for k=0 to Nf}’cnl‘bf"_l

forv=0toQ, -1

Oiky = gr(;);
n=n+1;
end for
end for

elseif s, € S,
if M >0
y=1;
else
y=0;
end if
M=M-1;
for k=0to NY™' 4,1

forv=0toQ, -1

Oiiw = Un, s
n=n+1;
end for
end for

for k= NJI™ 4y to NI™' 1

forv=0toQ, -1
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Jiky = gr(s) ;
n,=n,+1;
end for
end for

else

for k=0 to NY™©! _1q

ucl

forv=0toqQ, -1

Ok = gr(s) ;
n,=n,+1;
end for
end for
end if
end for
Set n=0

_ PUCCH,
for 1 =0 to Ny, e —1

for k=0 to NY™©! _q

ucl

forv=0toQ -1

9 =0y
n=n+1;
end for
end for

end for

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,,a,,a3

3GPP TS 38.212 V16.1.0 (2020-03)

..... ap_y is determined as follows:

- If UCI is transmitted on PUSCH without UL-SCH and the UCI includes CSI part 1 without CSI part 2,

- if there is no HARQ-ACK bit given by Clause 9.1 of [5, TS 38.213], set &, = 0, a = O0,and A =2;

- if there is only one HARQ-ACK bit GOACK given by Clause 9.1 of [5, TS 38.213], set @, = GOACK Q= 0,

and A =2;
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- otherwise, set & = 0" for i =0,1,...,0°" =1 and A=0", where the HARQ-ACK bit sequence

0, %, 6,/"%,....05% , is given by Clause 9.1 of [5, TS 38.213].

6.3.2.1.2 CsSl

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-SinglePanel 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, Nz),
(01,0,), L, Npg» M, M,, and K® are given by Clause 5.2.2.2.3 in [6, TS 38.214].

Table 6.3.2.1.2-1: PMI of codebookType= typell

Information fields X, for wideband PMI Information fields X, for wideband PMI or per subband
PMI
hy h 5 har | has | haz | hae 1211 1212 224 222
Rank=1 ) i
samp|[09:0.0.1| s 1" [log. L) oL -1} NIA | NIA | (4,-1)-kg, N, N/A N/A N/A
off
Rank=2 ) i
seAmp|129:(0:0:)] Iog{“l” ] [log, (2L)]|3(2L ~1)[log, (2L)]|3(2L 1] (M,-1)-log, Nesc | (M, =1)-log, Neo | N/A N/A
off
Rank=1 N min(M,,K?)-log, Npg
seamp [ 109:(0:0,)] Iogz[ 12] [log,(2L)]|3L-1)] N/A | N/A | -log; N N/A min(M,, k@)-1)  N/A
on P +2-(M, —min(M,,K®))
Rank=2 , NN min(Ml,K‘Z))-IOQQNPSK min(Mz,K‘z))JogzNPSK
samp|[99:00] oo 1] [log. (2oL -ffog.@LTaL 1) “Baths  FlowN Lo, )| el )
on P +2-(M, = min(M,, K@) {+2- (M, - min(m,,K®)

The bitwidth for PMI of codebookType=typell-r16 is provided in Tables 6.3.2.1.2-1A, where the values of (N;, N,),
(01,05), L, KN%, Ny, and {M,},_, _, are given by Clause 5.2.2.2.5 in [6, TS 38.214].

Table 6.3.2.1.2-1A: PMI of codebookType= typell-r16

Information fields X,

i1,1 i1,2 i1,8,1 i1,8,2 i1,8,3 i1,8,4—
Rank=1 [log,(0,0,)] [logz (NlLNZ)] [log,KN?] N/A N/A N/A
N; <19
Rank=2 Mog,(010,)] [logz (N1LN2)] Nog,(2L)] Nog,(2L)] N/A N/A
N3 <19
Rank=3 10820101 | [10g, (NlLNz)] llog (2L)] llog, (2L)] [log, (2L)] N/A
N3 <19
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Rank=4 [log;(0,0)] [10g2 (NlLNZ)] [log,(2L)] [log,(2L)] [log, (2L)] [log,(2L)]
N; <19
Rank=1 [log,(0,0)] [logz (NlLNZ)] [log, KN4 N/A N/A N/A
N; > 19
Rank=2 [log,(0,0,)] [1og2 (NlLNZ)] [log, (2L)] [log,(2L)] N/A N/A
N; > 19
Rank=3 l1082(0:0)1 | [10g, (NlLNz)] llog (2L)] [log (2L)] [log (2L)] N/A
N; > 19
Rank=4 [log;(0,0)] [10g2 (NILNZ)] [log,(2L)] [log,(2L)] [log,(2L)] [log,(2L)]
N; > 19
Information fields X,
i2,3,1 i2,3,2 i2,3,3 i2,3,4 i1,5 i1,6,1 i1,5,2 i1,s,3 i1,s,4 {i2,4,l}l=1,...,v {iZ,S,l}l=1,...,v {i1,7,l}l=1,...,u
Ra;k: 4 NIA x/ x/ N/A [mgz (}1;31 1)] N/A N/A N/A i(lf)’” i(ll()NZ 2LM;
Ny
<19
Ra;k: 4 4 x/ x/ N/A [logz(,lf,z j)] [logz(,lf,z j)] N/A N/A 3(12<)”Z 1(12()“ 4LM,
Ny
<19
Ra2k= 4 4 4 2/ N/A [IOgZ(I\I\Z:D] [10%2(,1;33:1)] [IOgZ(IIl\/]lz:D] N/A i(l;):vz i(é()rvz 6LM;
Ny
<19
S e Ty | o A S s
Ny
<19
Ra2k= 4 N/A E/ E/ [log,(2My)] [IOgZ(zz\Zl —11)] N/A N/A N/A i(If)NZ i(ll()Nz 2LM,
Ny
>19
Rar21k: 4 4 2/ 2/ [log,(2M;)] [logz(znl;l;_—ll)] [logz(znlzz —11) N/A N/A i(lz()NZ i(;()Nz 4LM,
Ny
>19
Ragk: 4 4 4 2/ llog, (2M3)] [1ogz(2]|);1:_—11)] [1032(21\7:—_11) [,ogz(ZAZa_—ll)] N/A i(g)”z i(;()’” 6LMs
Ny
>19
el e B B Gy | e ey | Gy | A ey | I S s
Ny
>19

Note: the bitwidth for {i; 7,}1=1 4, {i241}1=1,..0 @Nd {iz 5,}1=1,..» Shown in Table 6.3.2.1.2-1A is the total
bitwidth of {i, , }, {i,, } and {i, . ,} up to Rank = v, respectively, and the corresponding per layer
bitwidths are éLMU, é(‘KlNZ - 1)‘,'and 4(KN? — 1), (i.e., 1, 3, and 4 bits for each respective indicator
elements kl(f)f kl(f)f and ¢, ; 5, respectively), where KN? as defined in Clause 5.2.2.2.5 in [6, TS 38.214]
is the number of nonzero coefficients for layer [ such that K¥% = 3'V_, KM%
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The bitwidth for PMI of codebookType= typell-PortSelection is provided in Tables 6.3.2.1.2-2, where the values of
Pesicrs, d» L, Npger My, M,, and K@ are given by Clause 5.2.2.2.4 in [6, TS 38.214].

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

Information fields X1 for wideband PMI Information fields X2 foerK/lﬁeband PMI or per subband
Iy b31 baa b2 b a2 b1 11,2 121 PPy
Rank=1]| _ - -
Pesi
seamp| |92 5 ||| Tlog=2L)T| 3L-1) | N/A | NIA | (M.-1)-log; Nes N/A N/A N/A
off
Rank=2| ~
P
seAmp||°9 g || |[109:LT| 3(2L-1) |[log,(2L)T| 3(2L-1) | (M.=1-log; Nesi | (M, ~1)-log; Nea | NJ/A N/A
off
Rank=1| _ b _ min(M,,K®)-log, Npg
sBAmp| |09 g |||[09:LT} 32L-1) | NIA | NIA | -ooNes N/A min(M, k®)-1|  N/A
+2-(M1—m|n(Ml,K‘2’))
on
Rank=2| p min(Ml,K‘Z))-IOQQNPSK min(Mz,K‘z))JogzNPSK
SBA lon[M—‘ |—|092(2Lﬂ 3(2|-_1) ’—Iogz(ZL)-I 3(2'——1) —log, Nps —log, Npg min(Ml,K(Z’)—l min(Mz,K‘z))—l
mp 2d ! )
on +2-(M, = min(M,, K@) {+2- (M, - min(m,,K®)

The bitwidth for PMI of codebookType=typell-PortSelection-r16 is provided in Tables 6.3.2.1.2-2A, where the values
of Pegj_gs, d, L, KM%, N3, and {M;},_, _, are given by Clause 5.2.2.2.6 in [6, TS 38.214].

Table 6.3.2.1.2-2A: PMI of codebookType= typell-PortSelection-r16

Information fields X,
i11 i181 i182 i183 i1,84
Rank:]. [ EPCSI—RS | [lOgZKNZ] N/A N/A N/A
log, |———
2d
N; <19
Rank=2 [ EPCSI—RS ] [logz (ZL)] [logz (ZL)] N/A N/A
log, [———
2d
N; <19
Rank=3 -lo [Pcsi—rs]] [log, (2L)1 [log,(2L)] [log,(21)] N/A
g2 d
N; <19
Rank=4 -lo [Pesi—rs]] [log,(2L)] [log,(2L)] [log,(2L)] [log, (2L)]
g2 d
N; <19
Rank=1 [ 'Pcsi—rs]] [log,KN?] N/A N/A N/A
log, [———
2d
N; > 19
Rank=2 [ >PCSI—RS ] [logz (ZL)] [logz (ZL)] N/A N/A
log, |———
2d
N; > 19
Rank=3 [ [Pesi—gs]| [log,(2L)] [log,(2L)] [log,(2L)] N/A
log, 4
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N; > 19
Rank=4 log., | Pesi=rs llog, (2L)] llog,(2L)] log,(2L)] log,(2L)]
gz—EE—
N3 > 19
Information fields X,
i2,3,1 i2,3,2 i2,3,3 i2,3,4 il,S i1,6,1 i1,6,2 i1,6,3 i1,6,4 {i2,4,l}l:1,...,v {iZ,S,l}l:L...,u {i1,7,l}l:1,...,
Rank=1 | 4 N/A | N/A | N/A | NIA IIng (Ng—l)] N/A N/A N/A 3(KV?—-1) | 4N -1) 2LM,
M; -1
N3
<19
Rank=2 | 4 4 N/A | NIA | NIA P%szb] P%dk:b] N/A N/A 3(KN—2) | 4K —-2) 4LM,
N3
<19
Rank=3 | 4 4 4 N/A | N/A [logz (1};33:1)] [logz (11\\;33:1)] [logz (11\\;33:1)] N/A 3(KN* -3) | 4KV -3) 6LM;
Ny
<19
Rank=4 | 4 4 4 4 N/A Ny—1 N;—1 N;—1 N;—1 3(KNZ — 4 4(KNZ — 4 8LM,
roes (i Z 01 | [roee ;01 | froee G Z 0] | ey Z)] |27 60 :
Ny
<19
Rank=1 | 4 N/A | N/A | N/A | [log,(2My)] [log (2M1—1)] N/A N/A N/A 3(KV? - 1) | 4KN? -1) 2LM,
2\ M, -1
N3
> 19
Rank=2 | 4 4 N/A | NIA | [log,(2My)] [logz (zlgiz_—ll)] [logz (ZI\ZZ 711)] N/A N/A 3(KV-2) | 4N -2) 4LM,
N3
> 19
Rank=3 | 4 4 4 N/A | [log,(2M3)] P%%%f:h] P%J%f D] P%J%f—hl N/A 3(KVZ —3) | 4(KV%-3) 6L M,
N3
> 19
S R S I L e L R
N.
>19
Note: the bitwidth for {i; 7;}1=1,. 2, {iz41}1=1,..0 @Nd {iz 5 }1=1,., Shown in Table 6.3.2.1.2-2A is the total

bitwidth of {iy 70 {ig,3 and {i,s,upto Rank = v, respectively, and the corresponding per layer
bitwidths are 2LM,,, 3(KN? — 1), and 4(K}* — 1), (i.e., 1, 3, and 4 bits for each respective indicator

@ 5.@
elements k;; ¢, k

Li,f?

is the number of nonzero coefficients for layer [ such that KV = ¥'V_, KN?.

For CSI on PUSCH, two UCI bit sequences are generated, al’,a®,a{",a{"

1
@S

and a?,a®,a,a?,..

.a®

and c; 7, respectively), where K;"* as defined in Clause 5.2.2.2.6 in [6, TS 38.214]

AP 1"

The CSI fields of all CSI reports, in the order from upper part to lower part in Table 6.3.2.1.2-6, are mapped to the UCI

i 1 1 1 1 1
bit sequence a”,a”,a’,a{’,....a%

@_q

starting with a{V. The CSlI fields of all CSI reports, in the order from upper part

to lower part in Table 6.3.2.1.2-7, are mapped to the UCI bit sequence a(®,a(?,a®,a{?,....a%?, | starting with a®.
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Table 6.3.2.1.2-3: Mapping order of CSl fields of one CSI report, CSl part 1

CSl report number CSl fields

CRIl or SSBRI 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

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
CSl report #n Indicator of the number of non-zero wideband amplitude coefficients M; for layer 1 as in Table
CSl part 1 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 KVZ as in
Table 6.3.2.1.2-8, if reported
SINR as in Table 6.3.1.1.2-6A, if reported
Differential SINR as in Table 6.3.1.1.2-6A, if reported
RSRP as in Table 6.3.1.1.2-6, if reported
Differential RSRP as in Table 6.3.1.1.2-6, if reported
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.

Note:

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

CSl report CSl fields
number

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 Xl, 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 X2 , 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

Table 6.3.2.1.2-5: Mapping order of CSl fields of one CSl report, CSI 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
order of subband number, if pmi-Formatindicator= subbandPMI and if reported
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 X2 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
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.

CSl report #n
Part 2 subband

Note:
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Table 6.3.2.1.2-5A: Mapping order of CSl fields of one CSl report, CSl part 2 of codebookType=typell-

rl6 or typell-PortSelection-r16

CSl report
number

CSl 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

CSl report #n
CSl part 2, group 1

The following PMI fields X,, from left to right, as in Tables 6.3.2.1.2-1A/2A: {iy3,: 1 = 1, ..., v},
iy, {irey:l =1,..,v} and ([KTNZ] —v) X 3 highest priority bits of
{igarl =1,..,v}, (IKV?/2] — v) x 4 highest priority bits of {i,5;:! = 1,...,v} and v * 2LM, —
LK% /2] highest priority bits of{ilm: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

CSl report #n
CSl part 2, group 2

The following PMI fields X, from left to right, as in Tables 6.3.2.1.2-1A/2A: [KN? /2] x 3 lowest
priority bits of {iz4;:1 = 1,...,v}, [K"%/2] x 4 lowest priority bits of {i;5;:l = 1,...,v} and
|KNZ /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 al’,a”,a{”,a{,....a%, .

with two-part CSl report(s)

UCI bit sequence CSl report number
al? CSl part 1 of CSl report #1 as in Table 6.3.2.1.2-3
al”
a® CSl part 1 of CSl report #2 as in Table 6.3.2.1.2-3
2
al’
ai\l()n_l CSl part 1 of CSl report #n as in Table 6.3.2.1.2-3

where CSI report #1, CSI report #2, ..., CSl report #n in Table 6.3.2.1.2-6 correspond to the CSI reports in increasing
order of CSI 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 CSl reports to UCI bit sequence agZ),a1<2>,ay),a;a,_,_,agg)_l,

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 CSl part 2 exists for CSl report #1
CSl report #2, 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 CSl part 2 exists for CSl report #2

al?)

al? CSl report #n, 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,

a if CSI part 2 exists for CSI report #n

a§2) CSl report #1, CSlI 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,
AP or CSl 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 CSl part 2 exists for CSl report #n

where CSI report #1, CSI report #2, ..., CSl report #n in Table 6.3.2.1.2-7 correspond to the CSI reports in 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-r16 is provided in Table
6.3.2.1.2-8.

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

Field Bitwidth
Rank Indicator min(2, [log,ng;1)
Wide-band CQI 4
Subband differential CQI 2
Indicator of the total number of non-zero coefficients | 1°8z(Ko)l if max allowed
summed across all layers KN? rankis 1,
[log, (2K,)] otherwise

where ng; is the 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 [p, x 22| 8], where p,, N3, R, and § 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 allowed 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, ..., a,_, is determined as
follows:

- seta; =6f¢7 U fori =0,1,..,0¢7U — 1 and A = 0¢¢~UC! where the CG-UCI bit sequence

o§CVCl 6Lemuel |, 65¢a 5k _, is given 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,C1 if both higher layer parameter ULtoDL-CO-SharingED-
Threshold-r16 and higher layer parameter cg-COT-SharingList-r16
are configured, where C is the number of combinations configured
in cg-COT-SharingList-r16;
Channel Occupancy Time (COT) sharing
information 1 if higher layer parameter ULtoDL-CO-SharingeD-Threshold-r16
is not configured and higher layer parameter cg-COT-
SharingOffset-r16 is configured;

0 otherwise;

6.3.2.1.4 HARQ-ACK and CG-UCI

When higher layer parameter cg-CG-UCI-Multiplexing is configured, the UCI bit sequence ay, a,, a,, as, ..., a4 is
determined as follows, where A = Q€G~UC 4 QACK,

- The CG-UCI bits are mapped to the UCI bit sequenceay, a,, a, as, ..., ayce-uvci_, , Where a; = 8¢~V for i =

0,1, ...,0°6=V¢" — 1. The CG-UCI bit sequence a5V, 6£~VC, | 65655, is given by Table 6.3.2.1.3-1
mapped in the order from upper part to lower part, and 0“¢~Y¢! js number of CG-UCI bits;

- The HARQ-ACK bits are mapped to the UCI bit sequence a,ce-vct, agce-vct 4, ..., @pce-uvct, gack _;, Where
a;,oce-ver = 67K for i = 0,1, ..., 0A°K — 1. The HARQ-ACK bit sequence 64K, 62K, ..., 654¢% _, is given by
Clause 9.1 of [5, TS38.213], and 0¥ is number of HARQ-ACK bits.

6.3.2.2 Code block segmentation and CRC attachment

Denote the bits of the payload by a,,a;,a,,a3,..., @54, Where A is the payload size. The procedure in 6.3.2.2.1
applies for A>12 and the procedure in Clause 6.3.2.2.2 applies for 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
given in Clause 6.3.2.4.1.

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 ¢;,¢;,C5,C5,...,Cx_4, Where K is the
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 is the number of coded bits.
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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 with UL-SCH, the number of coded modulation symbols per layer for
HARQ-ACK transmission, denoted as Q. , is determined as follows:

PUSCH

symball -1
(OACK + LACK cff:‘JSESH Z M UCI NPUSCH
Q’ACK - mln Cuscn-1 z M UCI
Z K, 1=l

r=0

where
- Opc is the number of HARQ-ACK bits;

- if O,y 2360, L, =11; otherwise L, is the number of CRC bits for HARQ-ACK determined according to
Clause 6.3.1.2.1;

IBPUSCH . IBHARQ—ACK_
- offset — /offset ,

- CyL_gcn is the 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| is the I -th code block size for UL-SCH of the PUSCH
transmission;

- M;USCH is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
- MZ™(1) is the number of subcarriers in OFDM symbol | that carries PTRS, in the PUSCH transmission;

- M (I) is the number of resource elements that can be used for transmission of UCI in OFDM symbol |, for

sC

1=0,1,2,...,N?UCH _1 in the PUSCH transmission and NFYSH s the total number of OFDM symbols of the

symbaall symball

PUSCH, mcludlng all OFDM symbols used for DMRS;

- for any OFDM symbol that carries DMRS of the PUSCH, M J“' (|) =0;
- for any OFDM symbol that does not carry DMRS of the PUSCH, MJ“ (1) =M " - M (1);

-« isconfigured by higher layer parameter scaling;

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

PUSCH

: (OACK + LACK )'ﬂF:fJStCH Nogeal = ucl
Q,’ACK:mIn R-Q - | Z |\/|SC (|)
m 1=,
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where

- Opc is the number of HARQ-ACK bits;

- if O, 2360, L, =11; otherwise L, is the number of CRC bits for HARQ-ACK defined according to
Clause 6.3.1.2.1;;

,BPUSCH _ ﬂHARQ—ACK
- offset — /Moffset

M;USCH is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;

- MZ®(1) is the number of subcarriers in OFDM symbol | that carries PTRS, in the PUSCH transmission;

- My(1) is the number of resource elements that can be used for transmission of UCI in OFDM symbol I, for
1=0,1,2,...,NPYSH _1 in the PUSCH transmission and NP°USH is the total number of OFDM symbols of the

symball symball

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 Y (|) =MPUH MRS (|) :
- |, is the 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 isthe code rate of the PUSCH, determined according to Clause 6.1.4.1 of [6, TS38.214];

- Q, is the modulation order of the PUSCH;

-« is configured by higher layer parameter scaling.

The input bit sequence to rate matching is dg.d,d5,d g dy o where I is the code block number, and N, is the

number of coded bits in code block number I .

Rate matching is performed according to Clause 5.4.1 by setting |
to Er = LEUCI /CUCI J’ where

5. =1 and the rate matching output sequence length

- Cyq Iis the number of code blocks for UCI determined according to Clause 5.2.1;

- N_ is the number of transmission layers of the PUSCH;
- Q, is the modulation order of the PUSCH;

- Eue =N Qack Qu:

The output bit sequence after rate matching is denoted as fror Fros Froves e, where E, is the length of rate matching

output sequence in code block number I .

6.3.2.4.1.2 CSlpart 1

For CSI part 1 transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for CSI part
1 transmission, denoted as Qg part1» 1S determined as follows:
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puscH Neymball~1 PUSCH
symb,a
, . (Ocsi—1+Lcs1-1)Bottoet "Limn MSE' D v Nsymban—1 MUCl(] 1
QCSI—l = min ZCUL'SCH_lKr | 1=0 sc ( ) - QACK/CG—UCI
r=0

where
Ocs4 is the number of bits for CSI part 1;

- if Ogg, 2360, L, =11; otherwise L, is the number of CRC bits for CSI part 1 determined according to
Clause 6.3.1.2.1;

PUSCH __ CSl-partl,
- ﬂoffset - ﬂoffset ’
- CyL_gcn is the 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, is the I -th code block size for UL-SCH of the PUSCH
transmission;

M;USCH is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;

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

- Quack/ce-ver = Qack if HARQ-ACK is present for transmission on the same PUSCH with UL-SCH and without

CG-UCI, where Q¢ is the 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

PUSCH

Nsymh,all -1 _
Q'ack = Z Ms’iﬁ'jd (I) if the number of HARQ-ACK information bits is no more than 2 bits, where
1=0
Msﬁcr};d (|) is the number of reserved resource elements for potential HARQ-ACK transmission in OFDM

symbol |, for | =0,1,2,...,NFY*" _1 in the PUSCH transmission, defined in Clause 6.2.7; or

symbaall

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

Qcx s the 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

- Quack/ce-ver = Qcg-ucr I CG-UCI is present on the same PUSCH with UL-SCH and without HARQ-ACK,

where Q¢ _yc; 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;

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

sC

1=0,1,2,...,NPUCH _1 in the PUSCH transmission and NPY is the total number of OFDM symbols of the

symball symball

PUSCH, including all OFDM symbols used for DMRS;

- for any OFDM symbol that carries DMRS of the PUSCH, M U (|) =0;
- for any OFDM symbol that does not carry DMRS of the PUSCH, M ' (1) =M " — M (1);

-« isconfigured by higher layer parameter scaling.

For CSI part 1 transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for CSI
part 1 transmission, denoted as Q( part1» 1S determined as follows:

if there is CSI part 2 to be transmitted on the PUSCH,
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else

end if

where

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

PUSCH

) O + . PUSCH Nsymb‘all -1
Q(’;SH —min |V( CSI-1 LCSI—l) IBOffset , z MsléCI (I)_QACK

R 'Qm 1=0

Ocgy1 is the number of bits for CS part 1;

if O, 2360, L., =11; otherwise L, is the number of CRC bits for CSI part 1 determined according to
Clause 6.3.1.2.1;

ﬂPUSCH _ﬂCSI-partl_
offset — /~offset ’

I\/ISF;USCH is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;

Mg (1) is the number of subcarriers in OFDM symbol | that carries PTRS, in the PUSCH transmission;

Q'ACK is the number of coded modulation symbols per layer for HARQ-ACK transmitted on the PUSCH if
NPUSCH 4
symb,all _
number of HARQ-ACK information bits is more than 2, and Q 'k = Z Msﬁﬁ'\fd (|) if the number of
1=0
HARQ-ACK information bits is no more than 2 bits, where Msﬁﬁsd (|) is the number of reserved resource
elements for potential HARQ-ACK transmission in OFDM symbol |, for | =0,1, 2,...,N?Y5" 1, in the

symball —
PUSCH transmission, defined in Clause 6.2.7;
M (|) is the number of resource elements that can be used for transmission of UCI in OFDM symbol |, for

1=0,12,...,N?YCH _1 in the PUSCH transmission and N PYSCH is the total number of OFDM symbols of the

symbaall symb,all

PUSCH, including all OFDM symbols used for DMRS;

- for any OFDM symbol that carries DMRS of the PUSCH, M Y (|) =0;
- for any OFDM symbol that does not carry DMRS of the PUSCH, M S (|) =M SH _MmPTRS (|) :

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

Q,, is the modulation order of the PUSCH.

N T where I is the code block number, and N, is the

number of coded bits in code block number I .

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

Cyq Is the number of code blocks for UCI determined according to Clause 5.2.1;

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

Eva =N 'Q|CSI,1'Qm'

The output bit sequence after rate matching is denoted as f where E, is the length of rate matching

ro? frl’ frZ""’ fr(E,—l)
output sequence in code block number r .

6.3.24.1.3 CSl part 2

For CSI part 2 transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for CSI part
2 transmission, denoted as Qg part2» 1S determined as follows:

pUSCH .« Neymball 1 PUSCH

symb,a

, . (Ocsi—2+Lcsi—2)"Boftset "Limg Mg (1) . symb.all_lMUCl(l) —0 —0!

Qcsi—2 = min SCUL-SCH=1 | 2y—g sc Qack/ce-ucr — Qesi-1
r=0

where
Ocs)., is the number of bits for CSI part 2;

- if Oy, 2360, L, =11; otherwise L, is the number of CRC bits for CSI part 2 determined according to
Clause 6.3.1.2.1;

ﬂPUSCH _ﬁCSI-partZ_
offset — /offset ’

- CyL_sn is the 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, is the I -th code block size for UL-SCH of the PUSCH
transmission;

I\/ISF;USCH is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;

- MST(1) is the number of subcarriers in 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)¢ is the 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 bits is 1 or 2 bits; or

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

Qcx 1s the 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/ce-ver = Qcg-ucr I CG-UCI is present on the same PUSCH with UL-SCH and without HARQ-ACK,

where Q¢¢_yc; 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 'c5|-1 is the number of coded modulation symbols per layer for CSI part 1 transmitted on the PUSCH;

Y (I) is the number of resource elements that can be used for transmission of UCI in OFDM symbol |, for

sC

1=0,1,2,...,NPUSCH _1 in the PUSCH transmission and NPYSH is the total number of OFDM symbols of the

symbaall symball

PUSCH, including all OFDM symbols used for DMRS;
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- for any OFDM symbol that carries DMRS of the PUSCH, M U (|) =0;
- for any OFDM symbol that does not carry DMRS of the PUSCH, MJ“ (1) = M2 — MR8 (1).

- «a isconfigured by higher layer parameter scaling.

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 Q(g partz» 18 determined as follows:

PUSCH
Nsymb,all -1

’ UCI ’ '
Qc5|-2 = Z Msc (I)_QACK _QCSI-l
1=0
where

- I\/ISF;USCH is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;

- MZT(I) is the number of subcarriers in OFDM symbol | that carries PTRS, in the PUSCH transmission;

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

- Q'cg1 is the number of coded modulation symbols per layer for CSI part 1 transmitted on the PUSCH;

- MY (1) is the number of resource elements that can be used for transmission of UCI in OFDM symbol [, for
1=0,1,2,...,NPUXH _1 in the PUSCH transmission and NSF;USCH is the total number of OFDM symbols of the

symball mball

PUSCH, including all OFDM symbols used for DMRS;
- for any OFDM symbol that carries DMRS of the PUSCH, M (|): 0;

- for any OFDM symbol that does not carry DMRS of the PUSCH, M S (|) =M SH _MmPTRS (|)

The input bit sequence to rate matching is d ,,d ,,d,,,d,s,....d, , Where I' is the code block number, and N, is the

number of coded bits in code block number I .

Rate matching is performed according to Clause 5.4.1 by setting 1, =1 and the rate matching output sequence length
0 E = |_Eu0| /Cuu J’ where

Cq is the number of code blocks for UCI determined according to Clause 5.2.1;
N, is the number of transmission layers of the PUSCH;

Q,, is the modulation order of the PUSCH;

Eue =N - Qg2 Q-

The output bit sequence after rate matching is denoted as fror Fros Fraves Frie, where E, is the length of rate matching

output sequence in code block number I .
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6.3.24.1.4 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¢_ycr 1S determined as follows:

Ngypmban—1 PUSCH
PUSCH v symb,a
(Oca-uci+Leca-ucD Boffset 'Zl=0y mEE ¢ Vsymb,an—1 MUCL(]
CyL-scH-1 | 1=l sc ()
Yr=0 Kr

, .
Qcg-uyc1 = min

where
- Ocg_ycs is the number of CG-UCI bits;

- Lcg-ycr 1S the number of CRC bits for CG-UCI determined according to Clause 6.3.1.2.1;

_ ﬁPUSCH_ CG-UCI.
offset — PFoffset

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

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

- MEUSCH js the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;

- MEPT-RS(1) is the number of subcarriers in OFDM symbol | that carries PTRS, in the PUSCH transmission;

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

1=0,1,2,..., Ngiseay — 1, in the PUSCH transmission and Ng,uoh, 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, MU¢!() = 0;

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

- 1, is the 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.

The input bit sequence to rate matching is d,, d,1, dy3, dys, .., dr(v,—1) Where 1 is the code block number, and N.. is the
number of coded bits in code block number r.

Rate matching is performed according to Clause 5.4.1 by setting I5;;, = 1 and the rate matching output sequence length
to E, = |Eyc1/ Cycil, where

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

- Q,, is the modulation order of the PUSCH;

- Eycr = Ny - Qcg-uct * Qm-

The output bit sequence after rate matching is denoted as f,, fr1, fr2, ---» fr(s,—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:

Mg (D)

puscH Neymball~1 PUSCH
symb,a
0hex = min (OACK+0cG-uci+Lack) Boftset " Limn MIEW [a ] ZNsymb,all_l
ACK — CyL— -1 4 =1
xCUL-SCH g 0

where
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Oack 1S the number of HARQ-ACK bits;

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

PUSCH _ pHARQ-ACK,
offset — :Boffset ’

Cyi-scy is the number of code blocks for UL-SCH of the PUSCH transmission;

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

MEUSCH s the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
MET=RS(1) is the number of subcarriers in OFDM symbol | that carries PTRS, in the PUSCH transmission;

MEIC(D) is the number of resource elements that can be used for transmission of UCI in OFDM symbol |, for
1=0,1,2,..., Ngise sy — 1, in the PUSCH transmission and Nguoch, 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, MI¢!(1) = 0;
- for any OFDM symbol that does not carry DMRS of the PUSCH, MI¢(1) = MEUSCH — MET-RS(p);
« is configured by higher layer parameter scaling;

l, is the 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.

The input bit sequence to rate matching is d,q, d,1, dyz, dys, .., dr(v,—1) Where 1 is the code block number, and N.. is the
number of coded bits in code block number r.

Rate matching is performed according to Clause 5.4.1 by setting I;, = 1 and the rate matching output sequence length
to E, = |Eyc1/ Cycil, where

Cyci is the number of code blocks for UCI determined according to Clause 5.2.1;
N, is the number of transmission layers of the PUSCH;

Q,, is the modulation order of the PUSCH,;

Eycr =N+ Q;lCK *Qm-

The output bit sequence after rate matching is denoted as f,, fr1, fr2s ---» fr(s,—1) Where E,. is the length of rate matching
output sequence in code block number r.

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'ACK , Is determined according to Clause 6.3.2.4.1.1, by setting the number of CRC bits

L=0.

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

UN-LT

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

N, is the number of transmission layers of the PUSCH;

Q,, is the modulation order of the PUSCH.
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The output bit sequence after rate matching is denoted as f, f,, f,,..., f. ,-

6.3.2.4.2.2 CSlpart 1

For CSI part 1 transmission on PUSCH, the number of coded modulation symbols per layer for CSI part 1 transmission,
denoted as Qg ; . 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_-Qc:Qn: where

N, is the number of transmission layers of the PUSCH;

Q,, is the modulation order of the PUSCH.
The output bit sequence after rate matching is denoted as f, f,, f,,..., f. ,-

6.3.2.4.2.3 CSl part 2

For CSI part 2 transmission on PUSCH, the number of coded modulation symbols per layer for CSI part 2 transmission,
denoted as Q'cst , 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_ Qcg,Qun where

N, is the number of transmission layers of the PUSCH;

Q,, is the modulation order of the PUSCH.
The output bit sequence after rate matching is denoted as f, f,, f,,..., f. ,-

6.3.2.4.2.4 CG-UClI

For CG-UCI transmission on PUSCH, the number of coded modulation symbols per layer for CG-UCI transmission,
denoted as Q¢ _yc;, 1S determined according to Clause 6.3.2.4.1.4, by setting the number of CRC bits L¢g_ycr = 0.

The input bit sequence to rate matching is dy, dy, ds, ..., dy_1-
Rate matching is performed according to Clause 5.4.3, by setting the rate matching output sequence length
E = N Qcc-uct * Qm, Where
- N, is the number of transmission layers of the PUSCH;
- Q. is the modulation order of the PUSCH.
The output bit sequence after rate matching is denoted as fy, fi, 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 Q4. is determined according to Clause 6.3.2.4.1.5, by setting the number

The input bit sequence to rate matching is d, dy, d, ..., dy_1.

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

- N, is the number of transmission layers of the PUSCH;

- Q,, is the modulation order of the PUSCH.
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The output bit sequence after rate matching is denoted as f, f1, f2, ) fe—1-

6.3.2.5 Code block concatenation

Code block concatenation is performed according to Clause 6.3.1.5, except that the values of E
Clause 6.3.2.4.1.

6.3.2.6 Multiplexing of coded UCI bits to PUSCH

ue and C ., givenin

The coded UCI bits are multiplexed onto PUSCH according to the procedures in 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 a transport block delivered to layer 1 by &,,8,,8,,8;,...,a5 ,, where A is the 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].

Generate the following additional timing related PBCH payload bits Ex,am, Az, 1Az, gy o, Where:

- 8g,85,,,85,,,85 , are the 4™, 3, 2", and 1 LSB of SFN, respectively;

- a

.4 1S the half frame bit @, ;

- if Lyyer = 10 as defined in Clause 4.1 of [5, TS38.213],
az.s is the MSB of kggg as defined in Clause 7.4.3.1 of [4, TS 38.211].
Qz.¢ IS reserved.
az.7 is the MSB of candidate SS/PBCH block index.
- else if L, = 20 as defined in Clause 4.1 of [5, TS38.213],
az.s is the MSB of kggg as defined in Clause 7.4.3.1 of [4, TS 38.211].
Gi+¢ G447 are the 5M and 4™ bits of the candidate SS/PBCH block index, respectively.
- else if L,,,, = 64 as defined in Clause 4.1 of [5, TS38.213],
Giss, a6, G147 are the 6, 50 and 4™ bits of the candidate SS/PBCH block index, respectively.
- else

az.s is the MSB of kggg as defined in Clause 7.4.3.1 of [4, TS 38.211].
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g6, Qg7 are reserved.

- endif

Let A=A+8; Jen =0; Jure =105 Jss =113 Joner =14;

fori=0to A-1

if &; isan SFN bit
A () = i3
Jen = Jen +15

elseif a; is the half radio frame bit
A6 (jyep) = i

elseif A+5<i<A+7
A (o) = &
jsss = J$B +1;

else

aG(jOther) = ai '

jOther = jOther + 1;
end if

end for
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where L, is the number of candidate SS/PBCH blocks in a half frame according to Clause 4.1 of [5, TS38.213], and

the value of G(j) is given by Table 7.1.1-1.

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

i | 6() [0 6l) | d Je) | i [e()| el i[el)]| el i |6

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 a frame, the bit sequence a,,a;,a,,as,..., 2,4 is scrambled into a bit sequence

a\,,a,,a',,a\,..a ,,, where a', =(a, +si)mod2 forj=o031..,A-1and S;,S;,S,,S;,...,S, 4 is generated according to

the following:
i=0;
i=0;

while i < A
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if &; corresponds to any one of the bits belonging to the candidate SS/PBCH block index, the half frame index, and
2" and 3" least significant bits of the system frame number

s,=0.

else
S, :c(j+vM);
j=]j+1;
end if
i=i+1;
end while

The scrambling sequence c(i) is given by Clause 5.2.10f [4, TS38.211] and initialized with C. .. = Nﬁg" at the start of

init
each SFN satisfying mod(SFN,8)=0; M = A=3for L,q, = 40r Ly = 8, M = A—4for Lyq, = 10,M =A—5
for L., = 20,and M = A—6 for L,,,, = 64, where L, is the number of candidate SS/PBCH blocks in 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.

Table 7.1.2-1: Value of V for PBCH scrambling

(39 LSB of SFN, 2"d LSB of SFN) Value of V
(0,0) 0
0,1 1
(1,0) 2
1,1 3

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 bits by py, p;, P2, P3.- PL_1, Where A is the payload size and L is the 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 sequence by, b;,b,,bs.....bg ;, where B=A+L.

The bit sequence by, b;,b,,bs,..., bg_; is the input bit sequence cy,c;,C;,C3,...,Cx_4 to the channel encoder, where
¢, =b, fori=0,1..,B-1and K=B.

7.1.4  Channel coding

Information bits are delivered to the channel coding block. They are denoted by c,,¢;,C5,C5,...,Ck_1 , Where K is the
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 n5t =0.
After encoding the bits are denoted by d,d,,d,,d,,...,d, ,, where N is the number of coded bits.

7.1.5 Rate matching

The input bit sequence to rate matching is d,,d,,d,,...,d ;-
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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 is denoted as f, 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
lbyagy,a;,a,,a;5,..,a, 4, and the parity bits by py, p1, P2, P3.-.., PL_1, Where A is the payload size and L is the

number of parity bits. The lowest order information bit &, is mapped to the most significant bit of the transport block
as defined 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 a transport block with coding rate R indicated by the MCS index according to Clause 5.1.3.1
in [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 A<292,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 is the payload size in Clause 7.2.1.

7.2.3 Code block segmentation and code block CRC attachment

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

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

The bits after code block segmentation are denoted by €., C,1,Cy,Cy3,-..,Cy(k, 1), Where I is the code block number
and K, is the number of bits for code block number r according to Clause 5.2.2.

7.2.4  Channel coding

Code blocks are delivered to the channel coding block. The bits in a code block are denoted by
Cr0+Cr1:Cr2, Crasnns Cr(k, 1) » Where I is the code block number, and K is the number of bits in code block number .

The total number of code blocks is denoted by C and each code block is individually LDPC encoded according to
Clause 5.3.2.

After encoding the bits are denoted by d ,d,,,d,,,d where the values of N, is given in Clause 5.3.2.

r3""’dr(Nr—1)’

7.2.5 Rate matching

Coded bits for each code block, denotedas d .. d..d .. d , are delivered to the rate match block, where r is

..,d
ror Yr1r Y20 Y30t Ye(N A1)
the code block number, and N, is the number of encoded bits in code block number 1 . The total number of code
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blocks is denoted by C and each code block is individually rate matched according to Clause 5.4.2 by setting

ILBRM =1.

After rate matching, the bits are denoted by f _ f  f_ f f where E, is the number of rate matched bits for

ror 'riy Tr20 T30 Ue(E-1)?

code block number r.

7.2.6 Code block concatenation

The input bit sequence for the code block concatenation block are the sequences f | f,,, f,,, f 4., fre 1) for

r=0..,C-1 and where E, isthe number of rate matched bits for the I -th code block.

Code block concatenation is performed according to Clause 5.5.

The bits after code block concatenation are denoted by g,,9,,0,,J;,...,dg_;» Where G is the 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

- Rate matching

7.3.1 DCI formats

The DCI formats defined in table 7.3.1-1 are supported.
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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

21 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 [x.x] of [10, TS 38.473]
Notifying the power saving information outside DRX Active
Time for one or more UEs
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, , as follows.

Each field is mapped in the order in which it appears in the description, including the zero-padding bit(s), if any, with
the first field mapped to the lowest order information bit @, 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,.

If the number of information bits in 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.

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 0:

Determine DCI format 0_0 monitored in a common search space according to clause 7.3.1.1.1 where N3-B"P is
the size of the initial UL bandwidth part.

DLBWP
RB

Determine DCI format 1_0 monitored in a common search space according to clause 7.3.1.2.1 where N is
given by

- the size of CORESET 0 if CORESET 0 is configured for the cell; and

- the size of 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 bits in 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
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Step 1:

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_0O.

If DCI format 0_0 is monitored in common search space and if the number of information bits in 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.

Determine DCI format 0_0 monitored in a UE-specific search space according to clause 7.3.1.1.1 where NSLBWP
is the 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 N ™"

is the size of the active DL bandwidth part.

For a UE configured with supplementaryUplink in ServingCellConfig in a cell, if PUSCH is configured to be
transmitted on both the SUL and the non-SUL of the cell and if the number of information bits in DCI format
0_0 in UE-specific search space for the SUL is not equal to the number of information bits in DCI format 0_0 in
UE-specific search space for the non-SUL, a number of zero padding bits are generated for the smaller DCI
format 0_0 until the payload size equals that of the larger DCI format 0_0.

If DCI format 0_0 is monitored in UE-specific search space and if the number of information bits in the DCI
format 0_0 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 bits in 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 a UE configured with supplementaryUplink in ServingCellConfig in a cell, if PUSCH is configured to be
transmitted on both the SUL and the non-SUL of the cell and if the number of information bits in format 0_1 for
the SUL is not equal to the number of information bits in format 0_1 for the non-SUL, zeros shall be appended
to smaller format 0_1 until the payload size equals that of the larger format 0_1.

If the size of DCI format 0_1 monitored in a UE-specific search space equals that of a DCI 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.

If the size of DCI format 1_1 monitored in a UE-specific search space equals that of a DCI 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:

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 a UE configured with supplementaryUplink in ServingCellConfig in a cell, if PUSCH is configured to be
transmitted on both the SUL and the non-SUL of the cell and if the number of information bits in format 0_2 for
the SUL is not equal to the number of information bits in format 0_2 for the non-SUL, zeros shall be appended
to smaller format 0_2 until the payload size equals that of the larger format 0_2.

[If the size of DCI format 0_2 monitored in a UE-specific search space equals that of a DCI format 0_0/1_0
monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 0_2.]
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- [If the size of DCI format 1_2 monitored in a UE-specific search space equals that of a DCI format 0_0/1_0
monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 1_2.]

Step 3:
- If both of the following conditions are fulfilled the size alignment procedure is complete
- 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
Step 4:
- Otherwise

Step 4A:

- Remove the padding bit (if any) introduced in step 2 and step 2A above.

- Determine DCI format 1_0 monitored in a UE-specific search space according to clause 7.3.1.2.1 where
N v 2" is given by
- the size of CORESET 0 if CORESET 0 is configured for the cell; and
- the size of 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
NggBVP is the size of the initial UL bandwidth part.

- If the number of information bits in 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 equals that of the DCI format 1_0 monitored
in a UE-specific search space.

- If the number of information bits in 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 bits in the DCI format 0_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 bits in 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:

- 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 bits in the DCI format 0_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.
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- If the number of information bits in 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, results in

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 0_1 in another UE-specific
search space; or

the size of DCI format 1_0 in a UE-specific search space is 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 space is equal to DCI format 0_2 in another UE-specific
search space; 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.]

7.3.1.1 DCI formats for scheduling of PUSCH
7.3.1.1.1 Format 0 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:

Identifier for DCI formats — 1 bit

- The value of this bit field is always set to 0, indicating an UL DCI format

Frequency domain resource assignment — ’_Iogz(NFE’BL’B"‘”’(Ng’BL'BWp +1)/2)-‘ bits if neither of the higher layer
parameters uselnterlacePUSCH-Common and userinterlacePUSCH-Dedicated is configured, where Ng5BYP is
defined in clause 7.3.1.0

- For PUSCH hopping with resource allocation type 1:

- Ny hop 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 values
and Ny, o, =2 if the higher layer parameter frequencyHoppingOffsetLists contains four offset values

- (Iogz(Ng’é’BWP(N;;BWP +1)/2)—‘ —Ny_ np bits provides 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:

- ’_Iogz(NgE;L'BWP(N;’;BWP +1)/2)-‘ bits provides 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 uselnterlacePUSCH-Common and userInterlacePUSCH-Dedicated is
configured

- [5 or 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 or 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

Time domain resource assignment — 4 bits as defined in Clause 6.1.2.1 of [6, TS 38.214]
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Frequency hopping flag — 1 bit according to Table 7.3.1.1.1-3, 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 data indicator — 1 bit

Redundancy version — 2 bits as 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]

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 bits for DCI format 1_0 before padding is larger than the number
of bits for DCI format 0_0 before padding; 0 bit otherwise. The UL/SUL indicator, if present, locates in the last
bit position of DCI format 0_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 0_0 is for 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 is for 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 0_0 is for the uplink on which the latest PRACH is
transmitted.

ChannelAccess-CPext — 2 bits indicating combinations of channel access type and CP extension as defined in
Table 7.3.1.1.1-4 for operation in a cell with shared spectrum channel access; 0 bit otherwise.

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 this bit field is always set to 0, indicating an UL DCI format

Frequency domain resource assignment — number of bits determined by the following:

- ’_Iogz(N;’;BWP(N;’;BWP +1)/2)-‘ bits if the higher layer parameter uselnterlacePUSCH-Common-r16 is not
configured, where

- NY-BWP s the size of the initial UL bandwidth part.
- For PUSCH hopping with resource allocation type 1:
- Ny nop MSB bits are used to indicate the frequency offset according to Table 8.3-1 in Clause 8.3 of
[5, TS 38.213], where Ny =1 if NS-®" <50 and Ny ., =2 otherwise
- (Iogz(N;’BL*BWP(N;BLBWP +1)/ 2)-| — Ny hop its provides 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:

- ’_Iogz(NQJE;L'BWP(NFﬁ’E;L'BWP +1)/2)-‘ bits provides the frequency domain resource allocation according to

Clause 6.1.2.2.2 of [6, TS 38.214]

- if the higher layer parameter uselnterlacePUSCH-Common-r16 is configured
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- 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]

- Frequency hopping flag — 1 bit according to Table 7.3.1.1.1-3, 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 data indicator — 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]

- Padding bits, if required.

- UL/SUL indicator — 1 bit if the cell has two 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; 0 bit otherwise. The UL/SUL indicator, if
present, locates in the last bit position of DCI format 0_0, after the padding bit(s).

- If 1 bit, reserved, and the corresponding PUSCH is always on the same UL carrier as the previous
transmission of the same TB

- ChannelAccess-CPext — 2 bits indicating combinations of channel access type and CP extension as defined in
Table 7.3.1.1.1-4 for operation in a cell with shared spectrum channel access; 0 bit otherwise

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|F|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-ULChannel Access 2
defined in [clause 4.2.1.2.3 in
37.213]
1 Type2A-ULChannel Access 3
defined in [clause 4.2.1.2.1 in
37.213]
2 Type2A-ULChannel Access 1
defined in [clause 4.2.1.2.1 in
37.213]
3 Typel-ULChannel Access defined 0
in [clause 4.2.1.1 in 37.213]

7.3.1.1.2 Format 0 _1

DCI format 0_1 is used 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:

Identifier for DCI formats — 1 bit

- The value of this bit 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 — 0 or 1 bit

- 1 bitif 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 a DCI format 0_1 with CRC scrambled by CS-RNTI, the
bit value of 0 indicates activating type 2 CG transmission and the bit value of 1 indicates CG-DFI. For a DCI
format 0_1 with CRC scrambled by C-RNTI/SP-CSI-RNTI/MCS-C-RNTI and for operation in a cell with
shared specrum channel access, the bit is reserved.

- 0 bit otherwise;

If DCI format 0_1 is used 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 process indices 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 bits as defined in Clause 7.1.1 of [5, TS38.213]

All the remaining bits in format 0_1 are set to zero.

Otherwise, all 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 — 0, 1 or 2 bits as determined by the number of UL BWPs n configured by

BWP,RRC

higher layers, excluding the initial UL bandwidth part. The bitwidth for this field is determined as [log, () |
bits, where

Newe = Nawprre +1 If Ngypae <3, in Which case the bandwidth part indicator is equivalent to the ascending

order of the higher layer parameter BWP-1d;
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otherwise Ny, = Ngyprac» 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 N3 -BVP is the size
of the active UL bandwidth part:

If higher layer parameter uselnterlacePUSCH-Dedicated-r16 is not configured

bits if only resource allocation type 0 is configured, where N is defined in Clause 6.1.2.2.1 of

N RBG RBG

[6, TS 38.214],

’_Iogz(N;J;BWP(N;;BWP +1)/2)-‘ bits if only resource allocation type 1 is configured, or

max( ]_logz(NF‘jBL’BWP(N WP +1)/2)-‘ N s )+1 bits if both resource allocation type 0 and 1 are
configured.

If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation
type 0 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 allocation type 0, the N
6.1.2.2.1 of [6, TS 38.214].

rec LSBs provide the resource allocation as defined in Clause

For resource allocation type 1, the ’_Iogz(NFE’BL’B‘"’P(Ng’BL'BWP +1)/ 2)-‘ LSBs provide the resource allocation
as follows:

- For PUSCH hopping with resource allocation type 1:

- Ny hop 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 values and Ny,_,,, = 2 if the higher layer parameter frequencyHoppingOffsetLists
contains four offset values

- (Iogz(N;J;*BWP(Ng;BWP +1)/ 2)-| — Ny pp bits provides 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:

- ’—Iogz(NF‘jBL*BWP(N;’BL'BWP +1)/2)-‘ bits provides the frequency domain resource allocation according

to Clause 6.1.2.2.2 of [6, TS 38.214]

If the higher layer parameter uselnterlacePUSCH-Dedicated-r16 is configured

The value of Y is determined by [logz (

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. 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.

N(N+1)
2

)] where N is the number of RB sets contained in the BWP as

defined in clause x of [x].

If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and if both
resource allocation type 0 and 1 are configured for the indicated bandwidth part, the UE assumes resource
allocation type 0 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.
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- Time domain resource assignment — 0, 1, 2, 3, 4, 5, or 6 bits

- If the higher layer parameter PUSCH-TimeDomainResourceAllocationList-ForDClformat0_1 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 this field is determined as [log, (1) bits,

where | is the number of entries in the higher layer parameter pusch-TimeDomainAllocationList or pusch-
TimeDomainAllocationList-r16;

- If the higher layer parameter PUSCH-TimeDomainResourceAllocationList-ForDClformatO_1 is configured,
0,1, 2,3, 4,5 or 6 bits as defined in Clause 6.1.2.1 of [6, TS38.214]. The bitwidth for this field is determined
as [log, ()] bits, where | is the number of entries in the higher layer parameter PUSCH-
TimeDomainResourceAllocationList-ForDClformat0_1;

- otherwise the bitwidth for this field is determined as [log, (I)] bits, where | is the number of entries in the
default table.

- Frequency hopping flag — 0 or 1 bit:

- 0 bitif only resource allocation type 0 is configured, or if the higher layer parameter frequencyHopping is not
configured and the higher layer parameter pusch-RepTypelndicatorForDCI-Format0-1-r16 is not configured
to pusch-RepTypeB, or if the higher layer parameter frequencyHoppingForDCI-Format0-1-r16 is not
configured and pusch-RepTypelndicatorForDCI-Format0-1-r16 is configured to pusch-RepTypeB, or if only
resource allocation type 2 is configured;

- 1 bitaccording 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 data indicator — 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 entries in the higher layer parameter pusch-TimeDomainAllocationList-r16,
where each bit corresponds to one scheduled PUSCH as defined in clause 6.1.4 in [6, TS 38.214].

- Redundancy version — — number of bits determined by the following:

- 2 bits as 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-TimeDomainAllocationList-r16, 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
- Istdownlink assignment index — 1, 2 or 4 bits:
- 1 bit for semi-static HARQ-ACK codebook;

- 2 bits for dynamic HARQ-ACK codebook, or for enhanced dynamic HARQ-ACK codebook without UL-
TotalDAI-Included-r16 configured;

- 4 bits for enhanced dynamic HARQ-ACK codebook and with UL-TotalDAI-Included-r16 = "enable"..

When two HARQ-ACK codebooks are configured for the same serving cell, 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 1t 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:
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2 bits for 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-TotalDAI-Included-r16
configured;

4 bits for enhanced dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks and with UL-
TotalDAI-Included-r16 = "enable™;

0 bit otherwise.

When two HARQ-ACK codebooks are configured for the same serving cell, 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 bits as defined in Clause 7.1.1 of [5, TS38.213]

- SRS resource indicator {'ng[

min{'—maxv NSRS }

(NERS B—‘ or [log,(Ngy )| bits, where Ny is the 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{Lmava R }

['092( Z - (NE*S D—‘ bits according to Tables 7.3.1.1.2-28/29/30/31 if the higher layer parameter
k=1

txConfig = nonCodebook, 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 '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, Lmax 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.
[Iogz(NSRS )—\ bits according to Tables 7.3.1.1.2-32, 7.3.1.1.2-32A and 7.3.1.1.2-32B 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:

0 bits if the higher layer parameter txConfig = nonCodeBook;
0 bits for 1 antenna port and if the higher layer parameter txConfig = codebook;

4, 5, or 6 bits according to Table 7.3.1.1.2-2 for 4 antenna ports, if txConfig = codebook, ULFPTxModes is
either not configured or configured to Mode2, and according to whether transform precoder is enabled or
disabled, and 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,
ULFPTxModes=Model, 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,
ULFPTxModes=Model, 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, ULFPTxModes is
either not configured or configured to Mode2, and according to whether transform precoder is enabled or
disabled, and the values of higher layer parameters maxRank, and codebookSubset;
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3 or 4 bits according to Table 7.3.1.1.2-3A for 4 antenna ports, if txConfig = codebook,
ULFPTxModes=Model, 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, ULFPTxModes is either
not configured or configured to Mode2, and according to whether transform precoder is enabled or disabled,
and 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, ULFPTxModes=Model,
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, ULFPTxModes is either
not configured or configured to Mode2, and according to whether transform precoder is enabled or disabled,
and the values of higher layer parameters maxRank and codebookSubset;

2 bits according to Table 7.3.1.1.2-5A for 2 antenna ports, if txConfig = codebook, ULFPTxModes=Model,
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 ULFPTxModes is configured to Mode2, 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 ports is 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 ports in a SRS resource
among the configured SRS resources. If the number of ports for a configured SRS resource is less than the
maximum number of ports in a 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 DMRSuplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured and n/2 BPSK
modulation is used;

2 bits as defined by Tables 7.3.1.1.2-6A, if transform precoder is enabled and
DMRSuplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured, /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, TS38.211];

4 bits as defined by Tables 7.3.1.1.2-7, if transform precoder is enabled, dmrs-Type=1, and maxLength=2,
except that DMRSuplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured and n/2 BPSK
modulation is used,;

4 bits as defined by Tables 7.3.1.1.2-7A, if transform precoder is enabled and
DMRSuplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured, /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, TS38.211];

3 bits as 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 layers
field 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 layers
field 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 layers
field if the higher layer parameter txConfig = codebook;
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- 5bits 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 layers
field if the higher layer parameter txConfig = codebook.

where the nhumber 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 a UE is configured with both dmrs-UplinkForPUSCH-MappingTypeA and dmrs-UplinkForPUSCH-
MappingTypeB, the bitwidth of this field equals max {X,, X, | , where X, is the “Antenna ports" bitwidth

derived according to dmrs-UplinkForPUSCH-MappingTypeA and X is the "Antenna ports” bitwidth derived
according to dmrs-UplinkForPUSCH-MappingTypeB. A number of |XA - XB| zeros are padded in the MSB of
this field, if the mapping type of the PUSCH corresponds to the smaller value of x, and X .

- SRS request — 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 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. 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 reportTriggerSize.

- 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
maxCodeBlockGroupsPerTransportBlock for PUSCH.

[When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the CBG
transmission information in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the CBG
transmission information 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 CBG transmission information until the bit width of the CBG
transmission information in DCI format 0_1 for the two HARQ-ACK codebooks are the same.]

-  PTRS-DMRS association — number of bits determined as follows

- 0 bitif PTRS-UplinkConfig is not configured and transform precoder is disabled, or if transform precoder is
enabled, or if maxRank=1;

- 2 bits otherwise, 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) for transmission of one PT-RS port and two PT-RS ports 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 — O if the higher layer parameter betaOffsets = semiStatic; otherwise 2 bits as defined by
Table 9.3-3 in [5, TS 38.213].

When two HARQ-ACK codebooks are configured for the same serving cell, 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 sequence initialization — 0 bit if transform precoder is enabled; 1 bit if transform precoder is disabled.
- UL-SCH indicator — 0 or 1 bit as follows

- 0 bit if the number of scheduled PUSCH indicated by the Time domain resource assignment field is larger
than 1;
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- 1 bit 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 a DCI format 0_1 with UL-SCH indicator of "0" and CSI
request of all zero(s).

- ChannelAccess-CPext-CAPC -0, 1, 2, 3, 4, 5 or 6 bits. The bitwidth for this field is determined as [log,(I)]
bits, where I is the number of entries in the higher layer parameter ul-dci-triggered-UL-ChannelAccess-CPext-
CAPC-r16 for operation in a cell with shared spectrum channel access and ChannelAccessMode-r16 =
"dynamic"; otherwise 0 bit. One or more entries from Table 7.3.1.1.2-35 are configured by the higher layer
parameter ul-dci-triggered-UL-ChannelAccess-CPext-CAPC-r16.

- Open-loop power control parameter set indication — 0 or 1 or 2 bits.
- 0 bit if the higher layer parameter PO-PUSCH-Set-List is not configured;
- 1 or2 bits otherwise,
-1 bit if SRS resource indicator is present in the DCI format 0_1;

- 1or2 bits as determined by higher layer parameter OLPCParameterSet-ForDCIFormat0_1 if SRS
resource indicator is not present in the DCI format 0_1.

- Priority indicator — O bit if higher layer parameter Prioritylndicator-ForDCIFormat0_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 InvalidSymbolPatternindicator-
ForDCIFormat0_1 is not configured; otherwise 1 bit as defined in Clause 6.1.2.1 in [6, TS 38.214].

- Minimum applicable scheduling offset indicator — 0 or 1 bit
- 0 bitif higher layer parameter minimumSchedulingOffset is not configured;

- 1 bitif higher layer parameter minimumSchedulingOffset 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 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 Scell-groups-for-dormancy-within-active-time is not
configured; otherwise 1, 2, 3, 4 or 5 bits bitmap determined according to higher layer parameter Scell-groups-
for-dormancy-within-active-time, where each bit corresponds to one of the SCell group(s) configured by higher
layers parameter Scell-groups-for-dormancy-within-active-time, with MSB to LSB of the bitmap corresponding
to the first to last configured SCell group. The field 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.

A UE does not expect that the bit width of a field in DCI format 0_1 with CRC scrambled by CS-RNTI is larger than
corresponding bit width of same field in DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell. If
the bit width of a field 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 equals 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 bits in DCI format 0_1 scheduling a single PUSCH prior to padding is not equal to the
number of information bits in DCI format 0_1 scheduling multiple PUSCHs 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 PUSCHs.
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Value of BWP .|nd|cator 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

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 ULFPTxModes is either not configured or
configured to Mode2

Sl codebookSubset = B codebookSubset = Sl codebookSubset=
EpE2E fullyAndPartialAndNonCoherent Ep72E partialAndNonCoherent EpFEE nonCoherent
to index to index to index
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
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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 ULFPTxModes=Model

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 ULFPTxModes=Model

ek codebookSubset = 2l el codebookSubset=
E[E 2 partialAndNonCoherent TEEE 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

EfHIELD codebookSubset = EBUIEE codebookSubset=

mapped X mapped

10 index partialAndNonCoherent 10 index nonCoherent
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
& 3 layers: TPMI=2
34 4 layers: TPMI=1
35 4 layers: TPMI=2

36-63 Reserved
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Table 7.3.1.1.2-3: Precoding information and number of layers for 4 antenna ports, if transform
precoder is enabled and ULFPTxModes is either not configured or configured to Mode2, or if
transform precoder is disabled, maxRank = 1, and ULFPTxModes is either not configured or

configured to Mode2

IS codebookSubset = 2SS codebookSubset= izl codebookSubset=
m?pped fullyAndPartialAndNonCoherent mapped partialAndNonCoherent mqpped nonCoherent
to index to index to index
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

Table 7.3.1.1.2-3A: Precoding information and number of layers for 4 antenna ports, if transform
precoder is enabled and ULFPTxModes=Model, or if transform precoder is disabled, maxRank =1,
and ULFPTxModes=Model

rﬁg f'e:(jj codebookSubset= rﬁg f'eé(é 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 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 ULFPTxModes is either not configured or configured to

Mode2
Bit field Bit field
me}pped fully, An%%d:rﬁgrx(r%uﬁgre]é:)herent ma}pped codebookSubset = 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 2 layers: TPMI=0 2 2 layers: TPMI=0
3 1 layer: TPMI=2 3 reserved
4 1 layer: TPMI=3
5 1 layer: TPMI=4
6 1 layer: TPMI=5
7 2 layers: TPMI=1
8 2 layers: TPMI=2
9-15 reserved

3GPP



Release 16 99 3GPP TS 38.212 V16.1.0 (2020-03)

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 ULFPTxModes=Model

Bit f'elq e 1D codebookSubset= nonCoherent
index
0 1 layer: TPMI=0
1 1 layer: TPMI=1
2 2 layers: TPMI=0
3 1 layer: TPMI=2

Table 7.3.1.1.2-5: Precoding information and number of layers, for 2 antenna ports, if transform
precoder is enabled and ULFPTxModes is either not configured or configured to Mode2, or if
transform precoder is disabled, maxRank = 1, and and ULFPTxModes is either not configured or
configured to Mode2

itk codebookSubset = 2l el codebookSubset =
m?ppe" fullyAndPartialAndNonCoherent m"’?pped 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 ULFPTxModes=Model, or if transform precoder is disabled, maxRank =1,
and ULFPTxModes=Model

el flel?nrggsped @ 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 DMRSuplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured and m/2-BPSK
modulation is used

Number of DMRS
Value CDM group(s) DL
without data PERRE)
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, DMRSuplinkTransformPrecoding-
rl6 and tp-pi2BPSK are both configured, m/2-BPSK modulation is used, dmrs-Type=1, maxLength=1

Number of DMRS
Value CDM group(s) Dl
without data AT
0 2 0, Nscip=0
1 2 0, Nscp=1
2 2 2, Nscp=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 DMRSuplinkTransformPrecoding-r16 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, DMRSuplinkTransformPrecoding-
rl6 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

0

2

0, nscip=0

1

0, nscip=1

, Nscip=0

, Nscp=1

, Nscip=0

, Nscip=0

, Nscp=1

, Nscip=0

O |N|Oo(O|_|W[IN|F

2
2
0
0, Nnscp=1
2
2
4
4

, Nscp=1

NINININININININININ

6, Nscip=0

NININININININ[(FR|FP|-

2

6, Nscp=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
2-7 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
2-7 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

1

0,1

1

0,1

2,3

0,2

0,1

2,3

4,5

6,7

X (N[O [W|N|F

NININININININN

04

NININININ[(FR|FP |-

©

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 4,5
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'

e 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 with higher layer
parameter usage in SRS-ResourceSet set to
‘antennaSwitching' and resourceType in SRS-
SRS resource set(s) configured with ResourceSet set to 'aperiodic’ for a 1%t set of
higher layer parameter aperiodicSRS- serving cells configured by higher layers, or
01 ResourceTrigger set to 1 or an entry in
aperiodicSRS-ResourceTriggerList set SRS resource set(s) configured by [SRS-
tol ResourceSetForPositioning] and resourceType in
[SRS-ResourceSetForPositioning] set to 'aperiodic’
for a 1 set of serving cells configured by higher
layers
SRS resource set(s) configured with higher layer
parameter usage in SRS-ResourceSet set to
‘antennaSwitching' and resourceType in SRS-
SRS resource set(s) configured with ResourceSet set to 'aperiodic’ for a 2" set of
higher layer parameter aperiodicSRS- serving cells configured by higher layers, or
10 ResourceTrigger set to 2 or an entry in
aperiodicSRS-ResourceTriggerList set SRS resource set(s) configured by [SRS-
to 2 ResourceSetForPositioning] and resourceType in
[SRS-ResourceSetForPositioning] set to 'aperiodic’
for a 2" set of serving cells configured by higher
layers
SRS resource set(s) configured with higher layer
parameter usage in SRS-ResourceSet set to
‘antennaSwitching' and resourceType in SRS-
SRS resource set(s) configured with ResourceSet set to 'aperiodic' for a 3 set of
higher layer parameter aperiodicSRS- serving cells configured by higher layers, or
11 ResourceTrigger set to 3 or an entry in
aperiodicSRS-ResourceTriggerList set SRS resource set(s) configured by [SRS-
to 3 ResourceSetForPositioning] and resourceType in
[SRS-ResourceSetForPositioning] set to ‘aperiodic’
for a 3 set of serving cells configured by higher
layers
Table 7.3.1.1.2-25: PTRS-DMRS association for UL PTRS port 0
Value DMRS port
0 1%t 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 15t DMRS port which shares 0 15t DMRS port which shares
PTRS port 0 PTRS port 1
1 2" DMRS port which shares 1 2" DMRS port which shares
PTRS port 0 PTRS port 1

Table 7.3.1.1.2-27: void
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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), Ngg =2 mapped to SRI(s), Ngs =3 mapped to SRI(s), Ny =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), Nrg =2 mapped to SRI(s), Ng =3 mapped to SRI(s), Ns =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), Ngrg =2 mapped to SRI(s), Ngrs =3 mapped to SRI(s), Ny =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), Ny =2 mapped to SRI(S), Ngs =3 mappedto | SRI(s), Ngs =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 ULFPTxModes is not
configured, or ULFPTxModes =Model, or ULFPTxModes=Mode2 and Ngzs = 2

Bit field mapped to index SRI(s), Nggs =2
0 0
1 1

Table 7.3.1.1.2-32A: SRl indication for codebook based PUSCH transmission, if

ULFPTxModes=Mode2 and Ngzs = 3

Bit field mapped to index

SRI(S), NSRS =3

0 0
1 1
2 2
3 Reserved

Table 7.3.1.1.2-32B: SRl indication for codebook based PUSCH transmission, if

ULFPTxModes=Mode2 and Nggs = 4

Bit field mapped to index

SRI(S), NSRS =4

0

0

1
2
3

1
2
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
minimumSchedulingOffset is
configured for the DL BWP

Minimum applicable K2 for the
active UL BWP, if
minimumSchedulingOffset is
configured for the UL BWP

0 The first value configured by The first value configured by
minimumSchedulingOffset for the minimumSchedulingOffset for the
active DL BWP active UL BWP
1 The second value configured by The second value configured by

minimumSchedulingOffset for the
active DL BWP if the second value is
configured; 0 otherwise

active UL BWP if the second value is

minimumSchedulingOffset for the

configured; 0 otherwise

Table 7.3.1.1.2-34: Redundancy version

Value of the Redundancy
version field

Value of rv,, 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-dci -
triggered-UL-ChannelAccess-CPext-CAPC-r16

Entry T_he CP exFensipn 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 is used 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:

- ldentifier for DCI formats — 1 bit
- The value of this bit field is always set to 0, indicating an UL DCI format

- Carrier indicator — 0, 1, 2 or 3 bits determined by higher layer parameter CarrierlndicatorSize-
ForDCIFormatO_2, as defined in Clause 10.1 of [5, TS38.213].

- 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.
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Bandwidth part indicator — 0, 1 or 2 bits as determined by the number of UL BWPS ngyp rrc configured by
higher layers, excluding the initial UL bandwidth part. The bitwidth for this field is determined as
[log, (ngwp)] bits, where

- Nwp = Npwprre T 11T Npwp rre < 3, in Which case the bandwidth part indicator is equivalent to the
ascending order of the higher layer parameter BWP-Id;

- otherwise ngyp = ngwp 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:

- Ngpg bits if only resource allocation type 0 is configured, where Ngg is defined in Clause 6.1.2.2.1 of [6, TS
38.214]

- [loga(Ngse k1(Nrsc k1 + 1)/2)] bits if only resource allocation type 1 is configured, or
max( [log,(Ngse x1(Nrecx1 + 1)/2)], Nrse) + 1 bits if both resource allocation type 0 and 1 are

configured, where Nggg g1 = [(N,?BL'BWP + (N§t%s,p mod Kl)) /Kl], NPEEWP s the size of the active UL

bandwidth part, Nj;%,» is defined as in clause 4.4.4.4 of [4, TS 38.211] and K1 is given by higher layer
parameter ResourceAllocationTypel-granularity-ForDCIFormatO_2. If the higher layer parameter
ResourceAllocationTypel-granularity-ForDCIFormat0_2 is not configured, K1 is equal to 1.

- If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation
type 0 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 allocation type 0, the Npz; LSBs provide the resource allocation as defined in Clause 6.1.2.2.1
of [6, TS 38.214].

- For resource allocation type 1, the [log,(Ngge x1(Nrsc k1 + 1)/2)] LSBs provide the resource allocation as
follows:

- For PUSCH hopping with resource allocation type 1:

- Ny1_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 frequencyHoppingOffsetLists-ForDCIFormat0_2
contains two offset values and Ny, 5., = 2 if the higher layer parameter
frequencyHoppingOffsetLists-ForDCIFormat0_2 contains four offset values

- [logy(Nrse x1(Nrsex1 + 1)/2)] = Ny _nop bits provides 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:

- [logy(Nrse x1(Nrsex1 + 1)/2)] bits provides 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 both
resource allocation type 0 and 1 are configured for the indicated bandwidth part, the UE assumes resource
allocation type 0O 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 bits as defined in Clause 6.1.2.1 of [6, TS38.214]. The
bitwidth for this field is determined as [log, ()] bits, where I is the number of entries in the higher layer
parameter PUSCH-TimeDomainResourceAllocationList-ForDClformat0_2 if the higher layer parameter is
configured, or I is the number of entries in the higher layer parameter PUSCH-
TimeDomainResourceAllocationList if the higher layer parameter PUSCH-TimeDomainResourceAllocationList
is configured and the higher layer parameter PUSCH-TimeDomainResourceAllocationList-ForDClformat0_2 is
not configured; otherwise | is the number of entries in the default table.

Frequency hopping flag — 0 or 1 bit:
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- 0 bit if the higher layer parameter frequencyHopping-ForDCIlFormat0_2 is not configured;
- 1 hbitaccording to Table 7.3.1.1.1-3 otherwise, 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 data indicator — 1 bit

- Redundancy version — 0, 1 or 2 bits determined by higher layer parameter NumberofbitsforRV-
ForDCIFormat0_2

- If 0 bit is configured, rviq to be applied is 0;
- 1 bitaccording to Table 7.3.1.2.3-1;
- 2 bits according to Table 7.3.1.1.1-2.

- HARQ process number — 0, 1, 2, 3 or 4 bits determined by higher layer parameter HARQProcessNumberSize-
ForDCIFormat0_2

- Downlink assignment index — 0, 1, 2 or 4 bits
- 0 bitif the higher layer parameter Downlinkassignmentindex-ForDCIFormatO_2 is not configured;
- 1, 2 or 4 bits otherwise,
- Istdownlink assignment index — 1 or 2 bits:
- 1 bit for semi-static HARQ-ACK codebook;
- 2 bits for dynamic HARQ-ACK codebook.
2" downlink assignment index — 0 or 2 bits
- 2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks;
- 0 bit otherwise.

When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the Downlink
assignment index in DCI format 0_2 for one HARQ-ACK codebook is not 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 bits as defined in Clause 7.1.1 of [5, TS38.213]

Min{Lypay, Nsrs }

- SRS resource indicator — Pogz( (N?S jﬂ or [log, Nggs] bits, where Nggs is the number of

k=1
configured SRS resources in the SRS resource set configured by higher layer parameter srs-
ResourceSetToAddModList-ForDCIFormat0_2, and associated with the higher layer parameter usage of value
‘codeBook' or 'nonCodeBook',

min{LmaxxN R }
- {bgz( Z - (NERS jﬂ bits according to Tables 7.3.1.1.2-28/29/30/31 if the higher layer parameter
k=1
txConfig = nonCodebook, where Nggs is the number of configured SRS resources in the SRS resource set
configured by higher layer parameter srs-ResourceSetToAddModList-ForDCIFormat0 2, and associated
with the higher layer parameter usage of value 'nonCodeBook' and

- if UE supports operation with maxMIMO-Layers-ForDCIFormat(0_2 and the higher layer parameter
maxMIMO-Layers-ForDCIFormat( 2 of PUSCH-ServingCellConfig of the serving cell is configured,
Lmax 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.
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[log, Nggs] bits according to Tables 7.3.1.1.2-32 if the higher layer parameter txConfig = codebook, where
Nsgs is the number of configured SRS resources in the SRS resource set configured by higher layer
parameter srs-ResourceSetToAddModList-ForDCIFormat0_2, and associated with the higher layer parameter
usage of value 'codeBook'".

- Precoding information and number of layers — number of bits determined by the following:

0 bits if the higher layer parameter txConfig = nonCodeBook;

0 bits for 1 antenna port and if the higher layer parameter txConfig = codebook;

4, 5, or 6 bits according to Table 7.3.1.1.2-2 for 4 antenna ports, if txConfig = codebook, and according to
whether transform precoder is enabled or disabled, and the values of higher layer parameters maxRank-
ForDCIFormat(0 2, and codebookSubset-ForDCIFormat0 2,

2, 4, or 5 bits according to Table 7.3.1.1.2-3 for 4 antenna ports, if txConfig = codebook, and according to
whether transform precoder is enabled or disabled, and the values of higher layer parameters maxRank-
ForDCIFormat0_2, and codebookSubset-ForDCIFormat0 2;

2 or 4 bits according to Table7.3.1.1.2-4 for 2 antenna ports, if txConfig = codebook, and according to
whether transform precoder is enabled or disabled, and the values of higher layer parameters maxRank-
ForDCIFormat0_2 and codebookSubset-ForDCIFormat0 2;

1 or 3 bits according to Table7.3.1.1.2-5 for 2 antenna ports, if txConfig = codebook, and according to
whether transform precoder is enabled or disabled, and the values of higher layer parameters maxRank-
ForDCIFormat(_2 and codebookSubset-ForDCIFormat0) 2.

- Antenna ports — number of bits determined by the following:

0 bit if higher layer parameter AntennaPorts-FieldPresence-ForDCIFormat0_2 is not configured,;

2, 3, 4, or 5 bits otherwise,

2 bits as defined by Tables 7.3.1.1.2-6, if transform precoder is enabled, dmrs-Type=1, and maxLength=1;
4 bits as defined by Tables 7.3.1.1.2-7, if transform precoder is enabled, dmrs-Type=1, and maxLength=2;

3 bits as 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 layers field 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 layers field 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 layers field 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 layers field 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 a UE is configured with both dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat0_2 and dmrs-
UplinkForPUSCH-MappingTypeB-ForDCIFormat0_2 and is configured with AntennaPorts-FieldPresence-
ForDCIFormat0_2, the bitwidth of this field equals max{x,, xz}, where x, is the "Antenna ports" bitwidth
derived according to dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat0_2 and xj is the "Antenna ports"
bitwidth derived according to dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat0_2. A number of
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|x, — xg| zeros are padded in the MSB of this field, if the mapping type of the PUSCH corresponds to the
smaller value of x, and x.

If a UE is not configured with higher layer parameter AntennaPorts-FieldPresence-ForDCIFormat0_2 but
configured with one or more of dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat0_2 and dmrs-
UplinkForPUSCH-MappingTypeB-ForDCIFormat0_2, antenna port(s) are defined assuming bit field index
value 0 in Tables 7.3.1.1.2-6 t0 7.3.1.1.2-23.

- SRSrequest -0, 1, 2 or 3 bits
- 0 bit if the higher layer parameter SRSRequest-ForDCIFormat0_2 is not configured;

- 1 bit as defined by Table 7.3.1.1.3-1 if higher layer parameter SRSRequest-ForDCIFormat0_2 = 1 and for
UEs not configured with supplementaryUplink in ServingCellConfig in the cell;

- 2 bits if higher layer parameter SRSRequest-ForDCIFormat0_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 bits as defined by Table 7.3.1.1.2-24 if higher layer parameter SRSRequest-ForDCIFormat0_2 = 2 and for
UEs not configured with supplementaryUplink in ServingCellConfig in the cell;

- 3 bits if higher layer parameter SRSRequest-ForDCIFormat0_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;

- CSlrequest-0, 1, 2,3,4,5, or 6 bits determined by higher layer parameter reportTriggerSize-
ForDCIFormat0_2.

-  PTRS-DMRS association — number of bits determined as follows

- 0 bitif PTRS-UplinkConfig is not configured and transform precoder is disabled, or if transform precoder is
enabled, or if maxRank-ForDCIFormat0) 2=1,

- 2 bits otherwise, 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) for transmission of one PT-RS port and two PT-RS ports 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 dynamic-ForDCIFormat0_2 as defined by Table 9.3-3A in [5,
TS 38.213], and 2 bits if 4 offset indexes are configured by higher layer parameter dynamic-ForDCIFormat0_2
as defined by Table 9.3-3 in [5, TS 38.213].

When two HARQ-ACK codebooks are configured for the same serving cell, 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 sequence initialization — 0 or 1 bit

- 0 bit if the higher layer parameter DMRSsequenceinitialization-ForDCIFormat0_2 is not configured or if
transform precoder is enabled;

- 1 bitif transform precoder is disabled and the higher layer parameter DMRSsequenceinitialization-
ForDCIFormat0_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 a DCI format 0_2 with UL-SCH indicator of "0" and CSI
request of all zero(s).
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- Open-loop power control parameter set indication — 0 or 1 or 2 bits.
- 0 bit if the higher layer parameter PO-PUSCH-Set-List is not configured;
- 1 or2 bits otherwise,
- 1 bitif SRS resource indicator is present in the DCI format 0_2;

- 1or 2 bits as determined by higher layer parameter OLPCParameterSet-ForDCIFormat0_2 if SRS
resource indicator is not present in the DCI format 0_2;

- Priority indicator — O bit if higher layer parameter PriorityIndicator-ForDCIFormat0_2 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 InvalidSymbolPatternindicator-
ForDCIFormat0_2 is not configured; otherwise 1 bit as defined in Clause 6.1.2.1 in [6, TS 38.214].

A UE does not expect that the bit width of a field in DCI format 0_2 with CRC scrambled by CS-RNTI is larger than
corresponding bit width of same field in DCI format 0_2 with CRC scrambled by C-RNT] for the same serving cell. If
the bit width of a field 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 DCI format 1_2

Value of SRS request Triggered aperiodic SRS resource
field set(s) for DCI format 0_2 and 1_2

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

0

7.3.1.2 DCI formats for scheduling of PDSCH
7.3.1.2.1 Format1l O
DCI format 1_0 is 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

- The value of this bit field is always set to 1, indicating a DL DCI format

DL BWP
N RB

- Frequency domain resource assignment — ’_Iog2 (N 527 (NSBP +1)/2)—‘ bits where is given 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 as follows:

- 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, this field is reserved
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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 is reserved.

PRACH Mask index — 4 bits. If the value of the "Random Access Preamble index" is not all zeros, this field
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, this field is reserved

Reserved bits — 12 bits for operation in a cell with shared spectrum channel access; otherwise 10 bits

Otherwise, all remaining fields are set as follows:

Time domain resource assignment — 4 bits as defined in Clause 5.1.2.1 of [6, TS 38.214]
VRB-t0-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 data indicator — 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 DA
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]

ChannelAccess-CPext — 2 bits indicating combinations of channel access type and CP extension as defined in
Table 7.3.1.1.1-4 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 bits, according to Clause 6.5 of [9, TS38.331]. If only the scheduling information for Paging
is carried, this bit field is reserved.

Frequency domain resource assignment —’—Iog »(Ngs®"P (N2 ®F +1)/ 2)-‘ bits. If only the short message is
carried, this bit field is reserved.

N 2e8" is the 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 is 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, this bit 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 is reserved.

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:
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Frequency domain resource assignment 7’—Iog L (N ®"P (N ™" +1)/ 2)-‘ bits

N 2t is the 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
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 bits for 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 —’_Iog »(Ngs ™" (NP +1)/ 2)-‘ bits
NP-BWP s the size of CORESET 0 if CORESET 0 is configured for the cell and N2 is the 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 bits 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]

LSBs of SFN — 2 bits for the DCI format 1_0 with CRC scrambled by msgB-RNTI or 2 bits as defined in Clause
8 of [5, TS 38.213] for operation in a cell with shared spectrum channel access; 0 bit otherwise

Reserved bits — 14 bits for the DCI format 1_0 with CRC scrambled by msgB-RNTI or for operation in a cell
with shared spectrum channel access; otherwise 16 bits

The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by TC-RNTI:

Identifier for DCI formats — 1 bit
- The value of this bit field is always set to 1, indicating a DL DCI format
Frequency domain resource assignment 7’_Iog ,(Ngs ™" (NP +1)/ 2)-‘ bits
N o8 is the 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 data indicator — 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, reserved
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- TPC command for scheduled PUCCH — 2 bits 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]
- PDSCH-to-HARQ feedback timing indicator — 3 bits as defined in Clause 9.2.3 of [5, TS38.213]

- ChannelAccess-CPext — 2 bits indicating combinations of channel access type and CP extension as defined in
Table 7.3.1.1.1-4 for operation in 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 is used 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:

- Identifier for DCI formats — 1 bits
- The value of this bit field is always 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 n configured by

BWP,RRC

higher layers, excluding the initial DL bandwidth part. The bitwidth for this field is determined as [log, (ng) |
bits, where

Newe = Ngwegre 1 1f Ngyppee <3, in Which case the bandwidth part indicator is equivalent to the ascending
order of the higher layer parameter BWP-1d;

- otherwise Ngyp = Ngypgec 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 N2:-®"" is the size
of the active DL bandwidth part:

N g Dits if only resource allocation type 0 is configured, where N is defined in Clause 5.1.2.2.1 of [6,

TS38.214],

RBG

- ’—Iog2 (N o5 2P (N s 8P +1)/2)—‘ bits if only resource allocation type 1 is configured, or

- max( |—Iogz (N S-BWP (N BLBWP +1)/2)—‘ B\ . )+1 bits if both resource allocation type 0 and 1 are
configured.
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- If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation
type 0 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 allocation type 0, the N
of [6, TS 38.214].

s LSBs provide the resource allocation as defined in Clause 5.1.2.2.1

- For resource allocation type 1, the ’_Iog2 (N g " (N g 2" +l)/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 both
resource allocation type 0 and 1 are configured for the indicated bandwidth part, the UE assumes resource
allocation type 0 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, or 4 bits as defined in Clause 5.1.2.1 of [6, TS 38.214]. The
bitwidth for this field is determined as [log,(1)] bits, where I is the number of entries in the higher layer

parameter pdsch-TimeDomainAllocationList if the higher layer parameter is configured; otherwise | is the
number of entries in the default table.

- VRB-to-PRB mapping — 0 or 1 bit:

- 0 bit if only resource allocation type 0 is configured or if interleaved VRB-to-PRB mapping is not configured
by high layers;

- 1 bitaccording to Table 7.3.1.2.2-5 otherwise, only applicable to resource allocation 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.

- ZP CSI-RS trigger — 0, 1, or 2 bits as defined in Clause 5.1.4.2 of [6, TS 38.214]. The bitwidth for this field is
determined as |_Iog2 (nye +l)-| bits, where n, is the 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 data indicator — 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 bits as defined in Clause 5.1.3.1 of [6, TS 38.214]
- New data indicator — 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
maxNrofCodeWordsScheduledByDCI for the active bandwidth part equals 1, the UE assumes zeros are padded
when interpreting the "Modulation and coding scheme", "New data indicator", 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 data indicator”, 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 bits if more than one serving cell are configured in the DL and the higher layer parameter NFI-TotalDAI-
Included-r16 = enable. 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 bits if only one serving cell are configured in the DL and the higher layer parameter NFI-TotalDAI-
Included-r16 = enable. 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 bits if more than one serving cell are configured in the DL, the higher layer parameter pdsch-HARQ-ACK-
Codebook=dynamic or pdsch-HARQ-ACK-Codebook=enhancedDynamic-r16, and NFI-TotalDAI-Included-
r16 is not configured, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI,

- 4 bits if 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 = JointFeedback, where the 2 MSB
bits are the counter DAI and the 2 LSB bits are the total DAI,

- 2 bits if only one serving cell is configured in the DL, the higher layer parameter pdsch-HARQ-ACK-
Codebook=dynamic or pdsch-HARQ-ACK-Codebook=enhancedDynamic-r16, and NFI-TotalDAI-Included-
r16 is not configured, when the UE is not configured with CORESETPoolIndex or the value of
CORESETPoollIndex is the same for all CORESETS if CORESETPoolIndex is provided or the UE is not
configured with ACKNACKFeedbackMode = JointFeedback, where the 2 bits are the counter DAI;

- 0 bits otherwise.

When two HARQ-ACK codebooks are configured for the same serving cell, 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 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 — 0, 1, 2, or 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]. The
bitwidth for this field is determined as [log,(1)] bits, where I is the number of entries in the higher layer

parameter dl-DataToUL-ACK.

- When two HARQ-ACK codebooks are configured for the same serving cell, 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.
- 1 bitif higher layer parameter pdsch-HARQ-ACK-OneShotFeedback-r16 is configured;
- 0 bit otherwise.
- PDSCH group index — 0 or 1 bit.
- 1 bit if the higher layer parameter pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16;
- 0 bit otherwise.

- New feedback indicator — 0, 1 or 2 bits.
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- 1 bitif the higher layer parameter pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16 and the higher
layer parameter NFI-TotalDAI-Included-r16 is not configured;

- 2 bits if the higher layer parameter pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16 and the higher
layer parameter NFI-TotalDAI-Included-r16 = enable;

- 0 bit otherwise.

- Number of requested PDSCH group(s) — 0 or 1 bit.
-1 bit if the higher layer parameter pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16;
- 0 bit otherwise.

- Antenna port(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 refers to CDM groups {0}, {0,1}, and {0, 1,2}
respectively. The antenna ports {po pu,l} shall be determined according to the ordering of DMRS port(s)

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 DMRS ports equals to 1000, 1002, 1003 when two TCI states are indicated in a
codepoint of DCI field "Transmission Configuration Indication' [and subject to UE capability].

If a UE is configured with both dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-
MappingTypeB, the bitwidth of this field equals max {X,, X, | , where X, is the "Antenna ports" bitwidth
derived according to dmrs-DownlinkForPDSCH-MappingTypeA and X is the "Antenna ports™ bitwidth derived
according to dmrs-DownlinkForPDSCH-MappingTypeB. A number of |X, —Xg| zeros are padded in the MSB of
this field, 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 CORESETSs in the indicated bandwidth part.

- SRS request — 2 bits 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 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. 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 maxCodeBlockGroupsPerTransportBlock and maxNrofCodeWordsScheduledByDCI
for the PDSCH.

When two HARQ-ACK codebooks are configured for the same serving cell, 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 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 codeBlockGroupFlushlIndicator is
configured as "TRUE", 0 bit otherwise.
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When two HARQ-ACK codebooks are configured for the same serving cell, 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 '0" are inserted 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 — 0 bit if higher layer parameter Prioritylndicator-ForDCIFormatl_1 is not configured;
otherwise 1 bit as defined in Clause 9 in [5, TS 38.213].

- ChannelAccess-CPext — 0, 1, 2, 3 or 4 bits. The bitwidth for this field is determined as [log, ()] bits, where I is
the number of entries in the higher layer parameter dI-DCI-triggered-UL-ChannelAccess-CPext-r16 for
operation in a cell with shared spectrum channel access and ChannelAccessMode-r16 = "dynamic"; otherwise 0
bit. One or more entries from Table 7.3.1.2.2-6 are configured by the higher layer parameter dI-DCI-triggered-
UL-ChannelAccess-CPext-r16.

- Minimum applicable scheduling offset indicator — 0 or 1 bit
- 0 bitif higher layer parameter minimumSchedulingOffset is not configured;

- 1 bitif higher layer parameter minimumSchedulingOffset 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 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 Scell-groups-for-dormancy-within-active-time is not
configured; otherwise 1, 2, 3, 4 or 5 bits bitmap determined according to higher layer parameter Scell-groups-
for-dormancy-within-active-time, where each bit corresponds to one of the SCell group(s) configured by higher
layers parameter Scell-groups-for-dormancy-within-active-time, with MSB to LSB of the bitmap corresponding
to the first to last configured SCell group. The field 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 all bits of frequency domain resource assignment are set to O for resource allocation type 0 or set to 1 for
resource allocation type 1, this field is reserved and the following fields among the fields above are used for
SCell dormany indication, where each bit corresponds to one of the configured SCell(s), with MSB to LSB of
the following fields concatenated in the order below corresponding to the SCell with lowest to highest SCell
index

- Modulation and coding scheme of transport block 1
- New data indicator of transport block 1

- Redundancy version of transport block 1

- HARQ process number

- Antenna port(s)

[- DMRS sequence initialization]

If DCI formats 1_1 are monitored in multiple search spaces associated with multiple CORESETS in a BWP 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) LAl
without data e
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) DLl
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 PHIRS GBL hAIRS ’?Irl:)rr?ttjleora%f Value PHIRS (GBI DMRS port(s) ’;lrl:)?ttjle(;a%f
_group(s) PR 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 0,1,4,5 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 PHIRS GBL hAIRS ';lr%rgtl?ga%f Value PHIRS GBI DMRS port(s) ’;lrl:)?ttjle(;a%f
_group(s) PR 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 0,1,4,5 2

29 2 2,3,6,7 2

30 2 0,2,4,6 2

31 2 0,2,3 1
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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 Dgﬂriﬁ p(EsD)M Egvrltr\(’ss) Value Dgﬂgﬁ p(éSD)M DMRS port(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 Dgﬂriﬁ p(EsD)M Egvrltr\(’ss) Value Dgﬂgﬁ p(éSD)M DMRS port(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
Number of Number of
Value | PMRSCOM | DMRS | STl | vaue | DPMRSCOM | pys pors) | frontioad
without data Siulbielis without data sptzels
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
Number of Number of
Value | PMRSCOM | DMRS | STl | vaue | DPMRSCOM | pys pors) | frontioad
without data Siulbielis without data sptzels
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 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 dI-DCI-

trigerred-UL-ChannelAccess-CPext-r16

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]

BSlo|e(N|o|a|s|wiv|e|o

WIN|P|O|W[FR|ON|O|IN|O

Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213]

7.3.1.2.3 Format 1 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
- The value of this bit field is always set to 1, indicating a DL DCI format.

Carrier indicator — 0, 1, 2 or 3 bits determined by higher layer parameter CarrierIndicatorSize-
ForDCIFormatl_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 ngy,p rrc configured by
higher layers, excluding the initial DL bandwidth part. The bitwidth for this field is determined as [log, (ngyp)]
bits, where

- Nawp = Npwprre + 11T npwp rre < 3, in which case the bandwidth part indicator is equivalent to the
ascending order of the higher layer parameter BWP-Id;

- otherwise ngyp = ngyp 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:

Ny bits if only resource allocation type 0 is configured, where Ngg is defined in Clause 5.1.2.2.1 of [6, TS
38.214];

- [loga(Ngse k2(Nrsc k2 + 1)/2)] bits if only resource allocation type 1 is configured, or
max( [log,(Ngse x2(Nrscxz + 1)/2)], Nrse) + 1 bits if both resource allocation type 0 and 1 are

configured, where N g, = [(N,fBL'EWP + (N§ta,p mod Kz)) /Kzl, NPLEWP is the size of the active DL
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bandwidth part, N3;%,» is defined as in clause 4.4.4.4 of [4, TS 38.211] and K2 is determined by higher
layer parameter ResourceAllocationTypel-granularity-ForDCIFormatl_2. If the higher layer parameter
ResourceAllocationTypel-granularity-ForDCIFormatl_2 is not configured, K2 is equal to 1.

- If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation
type 0 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 allocation type 0, the Ngz; LSBs provide the resource allocation as defined in Clause 5.1.2.2.1
of [6, TS 38.214].

- For resource allocation type 1, the [log,(Ngpe x2(Nrsc 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 both
resource allocation type 0 and 1 are configured 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, or 4 bits as defined in Clause 5.1.2.1 of [6, TS 38.214]. The
bitwidth for this field is determined as [log, (I)] bits, where I is the number of entries in the higher layer
parameter pdsch-TimeDomainAllocationList-ForDCIFormatl_2 if the higher layer parameter is configured, or |
is the number of entries in the higher layer parameter pdsch-TimeDomainAllocationList if the higher layer
parameter pdsch-TimeDomainAllocationList is configured when the higher layer parameter pdsch-
TimeDomainAllocationList-ForDCIFormatl_2 is not configured; otherwise | is the number of entries in the
default table.

- VRB-to-PRB mapping — 0 or 1 bit:
- 0 bit if the higher layer parameter vrb-ToPRB-Interleaver-ForDCIFormatl 2 is not configured;

- 1 bitaccording to Table 7.3.1.2.2-5 otherwise, only applicable to resource allocation 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-ForDCIFormatl_2 is not
configured or is set to ‘static’, or 1 bit if the higher layer parameter prb-BundlingType-ForDCIFormatl_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 rateMatchPatternGroupl-
ForDCIFormatl_2 and rateMatchPatternGroup2-ForDCIFormatl_2, where the MSB is used to indicate
rateMatchPatternGroupl-ForDCIFormatl_2 and the LSB is used to indicate rateMatchPatternGroup2-
ForDCIFormatl_2 when there are two groups.

- ZP CSI-RS trigger — 0, 1, or 2 bits as defined in Clause 5.1.4.2 of [6, TS 38.214]. The bitwidth for this field is
determined as [log, (nzp + 1)] bits, where n,p is the number of aperiodic ZP CSI-RS resource sets configured
by higher layer parameter aperiodic-ZP-CSI-RS-ResourceSetsToAddModList-ForDCIFormatl_2.

- Modulation and coding scheme — 5 bits as defined in Clause 5.1.3.1 of [6, TS 38.214]
- New data indicator — 1 bit

- Redundancy version — 0, 1 or 2 bits determined by higher layer parameter NumberofbitsforRV-
ForDCIFormatl_2

- If 0 bit is configured, rviq to be applied is 0;
- 1 bit according to Table 7.3.1.2.3-1;
- 2 bits according to Table 7.3.1.1.1-2.

- HARQ process number — 0, 1, 2, 3 or 4 bits determined by higher layer parameter HARQProcessNumberSize-
ForDCIFormatl_2

- Downlink assignment index — 0, 1, 2 or 4 bits
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- 0 bitif the higher layer parameter Downlinkassignmentindex-ForDCIFormatl_2 is not configured;
- 1, 2 or 4 bits determined by higher layer parameter Downlinkassignmentindex-ForDCIFormatl_2 otherwise,

- 4 bits if more than one serving cell are configured in the DL and the higher layer parameter pdsch-HARQ-
ACK-Codebook=dynamic, 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, where the 1 bit or 2 bits are the counter DAI.

When two HARQ-ACK codebooks are configured for the same serving cell, 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 bits 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 Numberofbits-
forPUCCHresourceindicator-ForDCIFormatl_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 this field is determined as [log, ()] bits, where I is the number of entries in the higher layer
parameter dl-DataToUL-ACK-ForDCIFormatl_2.

When two HARQ-ACK codebooks are configured for the same serving cell, 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.

- Antenna port(s) - 0, 4, 5, or 6 bits
- 0 bit if higher layer parameter AntennaPorts-FieldPresence-ForDCIFormatl_2 is not configured;

- Otherwise 4, 5 or 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4, where the number of CDM groups without
data of values 1, 2, and 3 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively. The antenna ports
{po, .-, Py—1} shall be determined according to the ordering of DMRS port(s) given by Tables 7.3.1.2.2-
1/2/3/4. If a UE is configured with both dmrs-DownlinkForPDSCH-MappingTypeA-ForDCIFormatl_2 and
dmrs-DownlinkForPDSCH-MappingTypeB-ForDCIFormatl_2 and is configured with higher layer
parameter AntennaPorts-FieldPresence-ForDCIFormatl_2, the bitwidth of this field equals max{x,, xz},
where x, is the "Antenna ports" bitwidth derived according to dmrs-DownlinkForPDSCH-MappingTypeA-
ForDCIFormatl_2 and xg is the "Antenna ports" bitwidth derived according to dmrs-DownlinkForPDSCH-
MappingTypeB-ForDCIFormatl_2. A number of |x, — xg| zeros are padded in the MSB of this field, if the
mapping type of the PDSCH corresponds to the smaller value of x, and xj.

If a UE is not configured with higher layer parameter AntennaPorts-FieldPresence-ForDCIFormatl_2 but
configured with one or more of dmrs-DownlinkForPDSCH-MappingTypeA-ForDCIFormatl_2 and dmrs-
DownlinkForPDSCH-MappingTypeB-ForDCIFormatl_2, antenna port(s) are defined assuming bit field index
value 0 in Tables 7.3.1.2.2-1/2/3/4.

- Transmission configuration indication — 0 bit if higher layer parameter tci-PresentinDCI-ForDCIFormatl_2 is
not enabled; otherwise 1 or 2 or 3 bits determined by higher layer parameter tci-PresentInDCI-
ForDCIFormatl_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-PresentinDCI-ForDCIFormatl_2 is not enabled for the CORESET used for
the PDCCH carrying the DCI format 1_2,

- the UE assumes tci-PresentinDCI-ForDCIFormatl_2 is not enabled for all CORESETS in the indicated
bandwidth part;

- otherwise,
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- the UE assumes tci-PresentinDCI-ForDCIFormatl_2 is enabled for all CORESETS in the indicated
bandwidth part.
- SRSrequest -0, 1, 2 or 3 bits
- 0 bit if the higher layer parameter SRSRequest-ForDCIFormatl_2 is not configured,;

- 1 bit as defined by Table 7.3.1.1.3-1 if the higher layer parameter SRSRequest-ForDCIFormatl_2 =1 and
for UEs not configured with supplementaryUplink in ServingCellConfig in the cell;

- 2 bits if the higher layer parameter SRSRequest-ForDCIFormatl_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 bits as defined by Table 7.3.1.1.2-24 if the higher layer parameter SRSRequest-ForDCIFormatl 2 =2 and
for UEs not configured with supplementaryUplink in ServingCellConfig in the cell;

- 3 bits if the higher layer parameter SRSRequest-ForDCIFormatl_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 sequence initialization — 0 or 1 bit
- 0 bit if the higher layer parameter DMRSsequenceinitialization-ForDCIFormatl_2 is not configured;
- 1 bit otherwise.

- Priority indicator — 0 bit if higher layer parameter Prioritylndicator-ForDCIFormatl_2 is not configured;
otherwise 1 bit as defined in Clause 9 in [5, TS 38.213].

If DCI formats 1_2 are monitored in multiple search spaces associated with multiple CORESETS in a BWP 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 Format 2_0
DCI format 2_0 is used for notifying the slot format, COT duration, available RB set, and search space group switching.
The following information is transmitted by means of the DCI format 2_0 with CRC scrambled by SFI-RNTI:
- Slot format indicator 1, Slot format indicator 2, ..., Slot format indicator N.
- If the higher layer parameter availableRB-SetPerCell-r16 is configured,
- Available RB set Indicator 1, Available RB set Indicator 2, ..., Available RB set Indicator N1,
- If the higher layer parameter CO-DurationPerCell-r16 is configured
- COT duration indicator 1, COT duration indicator 2, ..., COT duration indicator N2.
- If the higher layer parameter searchSpaceSwitchTrigger-r16 is configured
- Monitoring group flag 1, Monitoring group flag 2, ..., Monitoring group flag [M].

The size of DCI format 2_0 is configurable by higher layers up to 128 bits, according to Clause 11.1.1 of [5, TS
38.213].
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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 is used 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 a cell, with the following fields defined for each block:

- Closed loop indicator — 0 or 1 hit.

- For DCI format 2_2 with TPC-PUSCH-RNTI, 0 bit if the UE is not configured with high layer parameter
twoPUSCH-PC-AdjustmentStates, 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 bit 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 bits; 1
bit otherwise, in which case UE assumes each block in the DCI format 2_2 is of 3 bits;

- TPC command -2 bits

The number of information bits in 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 bits in format 2_2 is less 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 is used for the transmission of a group of TPC commands for SRS transmissions by one or more UESs.
Along with a TPC command, a SRS request may also be transmitted.

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 number B

where the starting position of a block 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:

- SRS request — 0 or 2 bits. The presence of this field is according to the definition in Clause 11.4 of [5,
TS38.213]. If present, this field is interpreted 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 a respective 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 blocks is
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configured for the UE by higher layers where each block applies to an UL carrier, with the following fields defined for
each block:

- SRS request — 0 or 2 bits. The presence of this field is according to the definition in Clause 11.4 of [5,
TS38.213]. If present, this field is interpreted as defined by Table 7.3.1.1.2-24.

- TPC command -2 bits

The number of information bits in 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 bits in format 2_3 is less 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 is used for notifying the PRB(s) and OFDM symbol(s) where UE cancels the corresponding UL
transmission from the UE according to Clause 11.5 of [5, TS 38.213].

The following information is transmitted by means of the DCI format 2_4 with CRC scrambled by CI-RNTI:
- Cancellation indication 1, Cancellation indication 2, ..., Cancellation indication indication N.

The size of DCI format 2_4 is configurable by higher layers parameter dci-PayloadSize-forCl up to 126 bits, according
to Clause 11.5 of [5, TS 38.213]. The number of bits for each cancellation indication is configurable by higher layer
parameter Cl-PayloadSize. 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_5 is used for notifying the availability of soft resources as defined in Clause [x.x] 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 with CRC scrambled by AI-RNTI 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 PSPositionDCI2-6 provided by higher
layers for the UE configured with the block.

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 Scell-groups-for-dormancy-outside-active-time is not
configured; otherwise 1, 2, 3, 4 or 5 bits bitmap determined according to higher layer parameter Scell-groups-
for-dormancy-outside-active-time, where each bit corresponds to one of the SCell group(s) configured by higher
layers parameter Scell-groups-for-dormancy-outside-active-time, with MSB to LSB of the bitmap corresponding
to the first to last configured SCell group.

The size of DCI format 2_6 is indicated by the higher layer parameter SizeDCI_2-6, according to Clause 10.3 of [5, TS
38.213].
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7.3.1.4 DCI formats for scheduling of sidelink
7.3.1.4.1 Format 3_0
DCI format 3_0 is used 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:

- Time gap — [x] bits determined by higher layer parameter sI-DCI-ToSL-Trans, as defined in clause x.x.x of [6,
TS 38.214]

- HARQ process ID — [x] bits as defined in clause 16.4 of [5, TS 38.213]
- New data indicator — 1 bit as defined in clause 16.4 of [5, TS 38.213]

- Lowest index of the subchannel allocation to the initial transmission —[10g2(NsSuLbChame1)] bits as defined in clause
x.x.x of [6, TS 38.214]

- SCI format 0-1 fields according to clause 8.3.1.1:

- Frequency resource assignment.

- Time resource assignment.
- PSFCH-to-HARQ feedback timing indicator — 3 bits as defined in clause x.x.x of [6, TS 38.214].
- PUCCH resource indicator — 3 bits as defined in clause x.x.x of [6, TS 38.214].

- Configuration index — 0 bit if the UE is not configured to monitor DCI format 3_0 with CRC scrambled by SL -
CS-RNTI; otherwise [x] bits as defined in clause x.x.x of [6, TS 38.214]. If the UE is configured to monitor DCI
format 3_0 with CRC scrambled by SL-CS-RNTI, this field is reserved for DCI format 3_0 with CRC scrambled
by SL-RNTI.

If the UE is configured to monitor DCI format 3_1 and the number of information bits in DCI format 3_0 is less than
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 is used 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-L-CS-RNTI:

- Timing offset — 3 bits determined by higher layer parameter sl-TimeOffsetEUTRA, as defined in clause 16.6 of
[5, TS 38.213]

- 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(NssuLbchanne,)-‘ bits as defined in
5.3.3.1.9A of [11, TS 36.212].

- Frequency 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]
- SL index — 2 bits as defined 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 bits in DCI format 3_1 is less than
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.
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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 a4, a;,a,,as,...,a,_;, and
the parity bits by py, 1, P2, P3.- Pr_g, Where A is the payload size and L is the number of parity bits. Let
a'y,a),a’,,ay,...,a'y, , beabitsequence such that a',=1for i=01,...,L-1and a',=4a,  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 gCRcm(D). The output bit

by, b, b,,b,,...,b , IS

by =a, fork=012..A-1
by =p_a  fOrk=AA+LA+2,.. A+L-1,
where K=A+L.

After attachment, the CRC parity bits are scrambled with the corresponding RNTI Xy 05 Xni 15+ Xmtizs » Where X o

corresponds to the MSB of the RNTI, to form the sequence of bits Cy, C;,C,, C3,...,Cx_;. The relation between cx and by
is:

Ck:bk fOI’|(=0, 1,2,..., A+7
G, = (B + Xpgi as)MOd2 fork= A+8, A+9, A+10,.., A+23.

7.3.3 Channel coding

Information bits are delivered to the channel coding block. They are denoted by c,,¢;,C5,C5,...,Ck_4 , Where K is the
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 n5t =0.

After encoding the bits are denoted by d,d,,d,,d,,...,d, ,, where N is the number of coded bits.

7.3.4 Rate matching

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

Rate matching is performed according to Clause 5.4.1 by setting 1, =0.

The output bit sequence after rate matching is denoted 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:
- Clause 7.1.1 for PBCH payload generation is replaced by Clause 8.1.1.
- Clause 7.1.2 for scrambling is not performed.

- Inclause 7.1.5, the rate matching output sequence length E = 1386 when higher layer paramter cyclicPrefix is
configured, otherwise, E = 1782.
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8.1.1 PSBCH payload generation
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 7.2.5

- Clause 6.2.7 is replaced by clause 8.2.1

8.2.1 Data and control multiplexing

Denote the coded bits for SL-SCH as gg-~5¢H, g7L=5CH, g§b=SCH g3L=SCH ... g% St .-

Denote the coded bits for SCI format 0-2, as g3¢'2, g7/, g3°/%, g5¢'%, -+, gscrz_, -

Denote the multiplexed data and control coded bit sequence as g, g4, ***, 8¢—1, Where G is the total number of coded
bits for transmission.

Assuming that N, is the number of layers onto which the SL-SCH transport block is mapped, the multiplexed data and
control coded bit sequence g, g4, ***, g¢—1 IS obtained as follows:

Denote Q52 is modulation order of SCI format 0-2.
ifN, =1,
fori = 0to GSC/2 4 GSL—SCH _q

if0<i<G?

_ SCI2
g = 8i

end if
If GSCIZ < i < GSCIZ + GSL—SCH _ 1

_ . SL—SCH
8i = 8;_gscrz

end if
end for
end if
if N, = 2,
let M{Guntsciz = G5 /Qn"?
set mgyne =0
for i =0to M35 o sci2 — 1
forvr=0toN, — 1
for g =0t0Qn” — 1
ifv=20
Bnttine = BLoicT2 1
else

gmRE,_ =X /I placeholder bit

end if
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mcount mcount + 1
end for
end for
end for

for i = 0to GSL=SCH — 1

_ oSL-SCH
gmcount 8i

RE
Meount = mcount +1
end for

end if

8.3 Sidelink control information on PSCCH

SCI carried on PSCCH is a 1t-stage SCI, which transports sidelink scheduling information.

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,_, as follows:

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,.

8.3.1.1 SCI format 0-1
SCI format 0-1 is used for the scheduling of PSSCH and 2"-stage-SCI on PSSCH
The following information is transmitted by means of the SCI format 0-1:

- Priority — 3 bits as defined in clause x.x.x of [6, TS 38.214].

NguLbChanncl (N sslhachanncl + 1)
( . )

- Frequency resource assignment — (log, l bits when the value of the higher layer

subChannel(NsubChannel + 1)(2]\']subChannel 1) ) bItS

parameter sl-MaxNumPerReserve is configured to 2; otherwise [10g2

when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 3, as defined in clause x.x.x
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-MaxNumPerReserve is
configured to 3, as defined in clause x.x.x of [6, TS 38.214].

- Resource reservation period — [logz(Nreseereriod)] bits as defined in clause x.x.x of [6, TS 38.214], if higher
parameter sl-MultiReserveResource is configured; 0 bit otherwise.

- DMRS pattern — [x] bits as defined in clause 8.4.1.1.2 of [4, TS 38.211], if more than one DMRS patterns are
configured by higher layer parameter sI-PSSCH-DMRS-TimePattern; 0 bit otherwise.

- 2"-stage SCI format — [x] bits as defined in clause x.x.x of [6, TS 38.214].

- Beta_offset indicator — [2] bits as provided by higher layer parameter sl-BetaOffsets2ndSCI.
- Number of DMRS port — 1 bit as defined in Table 8.3.1.1-1.

- Modulation and coding scheme — 5 bits as defined in clause 8.1.3 of [6, TS 38.214].

- Reserved — [2 - 4] bits as determined by higher layer parameter sl-NumReservedBits, with value set to zero.
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Table 8.3.1.1-1: Number of DMRS port

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.

8.3.4 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,_, as follows:

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,.

8.4.1.1 SCI format 0-2

SCI format 0-2 is used for the decoding of PSSCH.

The following information is transmitted by means of the SCI format 0-2:
- HARQ Process ID — [x] bits as defined in clause 16.4 of [5, TS 38.213].
- New data indicator — 1 bit as defined in clause 16.4 of [5, TS 38.213].
- Redundancy version — 2 bits as defined in clause x.x.x of [6, TS 38.214].
- Source ID — 8 bits as defined in clause x.x.x of [6, TS 38.214].
- Destination ID — 16 bits as defined in clause x.x.x of [6, TS 38.214].
- CSIrequest — 1 bit as defined in clause 8.2.1 of [6, TS 38.214].

If the 2"-stage SCI format field in the corresponding SCI format 0-1 indicates type 1 groupcast as defined in clause
x.x.x of [6, TS 38.214], the following fields are present:

- Zone ID — 12 bits as defined in clause x.x.x of [9, TS 38.331].

- Communication range requirement — 4 bits as defined in clause x.x.x of [9, TS 38.331]

8.4.2 CRC attachment

CRC attachment is performed according to clause 7.3.2 except that scrambling is not performed.
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8.4.3 Channel coding

Channel coding is performed according to clause 7.3.3.

8.4.4 Rate Matching

For 2M-stage SCI transmission on PSSCH with SL-SCH, the number of coded modulation symbols for 2"4-stage SCI
transmission, denoted as Qg;,, is determined as follows:

PSSCH NPSSCH

N, symbol_1

bol™
o M scrz + Lserz) Boffaet " Tpmp . ME(D) sciz
Qgcp, = min Csiscn1 g a M (D) r+y
Zr:O r =0

where
- Ogcyz is the number of the SCI format 0-2 bits
- Lgcpz 1s the number of CRC bits for SCI format 0-2, which is [xxx] bits.

- Biffser is indicated in the corresponding SCI format 0-1.

- Cgp—scy 18 the number of code blocks for SL-SCH of the PSSCH transmission.

- MPESSCH(]) is the scheduled bandwidth of PSSCH transmission, expressed as a number of subcarriers;

- MBEMRS(1) is the number of subcarriers in OFDM symbol [ that carries DMRS, in the PSSCH transmission.
- MET=RS(1) is the number of subcarriers in OFDM symbol [ that carries PT-RS, in the PSSCH transmission.

- MSEST=RS (1) is the number of subcarriers in OFDM symbol [ that carries CSI-RS, in the PSSCH
transmission.

- M3E2(1) is the number of resource elements that can be used for transmission of the SCI format 0-2 in OFDM
symbol I, for [ = 0,1,2-+, NS>>5%,, in PSSCH transmission and N¢ 555, is the number of allocated symbols
for the PSSCH except AGC symbol as defined in [6, TS 38.214]:

MEE2(1) = MESSCH (1) - MEMRS (1) - METRS(D) - MEF=FS (1)

- vy is the number of otherwise vacant resource elements in the resource block to which the last coded symbol of
the SCI format 0-2 belongs.

- K, isthe r-th code block size for SL-SCH of the PSSCH transmission.

-« is configured by higher layer parameter sl-Scaling.

The input bit sequence to rate matching is d, dy, d,, d3, *+, dy—1, Where N is the number of coded bits.
Rate matching is performed according to Clause 5.4.1 by setting I5;;, = 1.

The output bit sequence after rate matching is denoted as g5¢'2, g5¢/2, g5¢!2,

Q512 and Q3¢72 is modulation order of SCI format 0-2.

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 procedures in Clause 8.2.1.

SCI2 SCI2
3

g3 v, 8escia_y, Where Ggepp = Qgrpy

3GPP



Release 16 144 3GPP TS 38.212 V16.1.0 (2020-03)

Annex A:
Change history

3GPP



Release 16 145 3GPP TS 38.212 V16.1.0 (2020-03)
Change history
Date Meeting TDoc CR Rev |Cat [Subject/Comment New
version
2017-05 | RAN1#89 [R1-1707082 Draft skeleton 0.0.0
2017-07 | AH _NR2 |R1-1712014 Inclusion of LDPC related agreements 0.0.1
2017-08 | RAN1#90 |R1-1714564 Inclusion of Polar coding related agreements 0.0.2
2017-08 | RAN1#90 |R1-1714659 Endorsed version by RAN1#90 as basis for further updates 0.1.0
2017-09 | RAN1#90 |R1-1715322 Capturing additional agreements on LDPC and Polar code from 0.1.1
RAN1 #90
2017-09 | RAN#77 | RP-171991 For information to plenary 1.0.0
2017-09 | RAN1#90b |R1-1716928 Capturing additional agreements on LDPC and Polar code from 1.0.1
RAN1 NR AH#3
2017-10 | RAN1#90b [R1-1719106 Endorsed as v1.1.0 1.1.0
2017-11 | RAN1#91 |R1-1719225 Capturing additional agreements on channel coding, etc. 1.1.1
2017-11 | RAN1#91 |R1-1719245 Capturing additional agreements on DCI format, channel coding, 1.1.2
etc.
2017-11 | RAN1#91 [R1-1721049 Endorsed as v1.2.0 1.2.0
2017-12 | RAN1#91 |R1-1721342 Capturing additional agreements on UCI, DCI, channel coding, etc.| 1.2.1
2017-12 | RAN#78 | RP-172668 Endorsed version for approval by plenary. 2.0.0
2017-12 | RAN#78 Approved by plenary — Rel-15 spec under change control 15.0.0
2018-03 | RAN#79 | RP-180200 |0001 - F |CR capturing the Jan18 ad-hoc and RAN1#92 meeting 15.1.0
agreements
2018-04 | RAN#79 MCC: correction of typo in DCI format 0_1 (time domain resource 15.1.1
assignment) — higher layer parameter should be pusch-
AllocationList
2018-06 | RAN#80 | RP-181172 |0002 1 F |CR to 38.212 capturing the RAN1#92bis and RAN1#93 meeting 15.2.0
agreements
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
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