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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 (F1AP)"

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

channel coding"

[12] 3GPP TS 23.287: "Architecture enhancements for 5G System (5GS) to support Vehicle-to-
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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:
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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
CQl
CRC
CRI
CSI
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
UClI

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

CSI 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
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UL
UL-SCH
VRB

ZP CSI-RS

Uplink

Uplink shared channel
Virtual resource block
Zero power CSI-RS
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4 Mapping to physical channels
4.1 Uplink

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

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

Table 4.1-2

Control information

Physical Channel

UClI

PUCCH, PUSCH

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
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Table 4.3-2
Control information Physical Channel
1%-stage SCI PSCCH
2"-stage SCI PSSCH
SFCI PSFCH
5 General procedures

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

5.1 CRC calculation

0y,0,,0,,05,...,d ,

Denote the input bits to the CRC computation by -1, and the parity bits by

Pos Py>PysP3seeesPry ,where A s the size of the input sequence and L s the number of parity bits. The
parity bits are generated by one of the following cyclic generator polynomials:
Jereoun| DI=[D**+D?+ D"+ DY+ D"+ D"+ D"+ D'+ D*+D°+D*+D*+ D+1] for a CRC length
L=24

24, 23, N6, 5

gCRC24B(D)—[D +D”+D’+D’+D+1] fora CRC length L=24
gCRC24C(D):[D24+D23+D21+D20+D17+D15+D13+D12+D8+D4+D2+D+1]
L=24

for a CRC length

(=7 16, 112, 15

Jercis| DI=[D7+D "+ D7+1] for a CRC length L=16
T, 10, 19, 5

gCRCll(DJ_[D +D +D+D"+1] for a CRC length L=11

[ 6y 5
i Jeres 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+L-1 A+L-2 L-1 L-2

a, D" '+a, D"+, +a, ,D"+p, D" '+p, D"+ +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 bO’bl’bZ’b3""’bB-1 ,where B=A+L  The relation between
% and by is:
b=a, ¢ k=012,..,4-1
by=Pi_n gor k=A,A+1,A+2,... A+L-1
5.2 Code block segmentation and code block CRC attachment

521 Polar coding
The input bit sequence to the code block segmentation is denoted by Go> 1,0y, 35-- 0 5 , where A>0

if ISEQ =1
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Number of code blocks: C€=2

else
Number of code blocks: € =1
end if
A'=[AIC)C
for =0 o A-A-1

a'=0

end for
for [=A'-A o A'-1

| J—
@=0_ 5y

end for
s=0 :

for =0 o C-1

for k=0 , AVC-1

a— T
Crk_a s
s=s+1
end for

C.1yC 5yCayeryC i), . . . D
rTr2 3o taue-1 s used to calculate the CRC parity bits — Prov PrioProseo Pri-y

according to Clause 5.1 with a generator polynomial of length L

C
The sequence 'V’

for k=AUC  AYC+L-1

Crk:prik—A'/cl
end for
end for

The value of A s no larger than 1706.

522 Low density parity check coding

by»b,,by,bse. by

The input bit sequence to the code block segmentation is denoted by 70’ 71°72°73”**»"B-1 where B>0 1t B

is larger than the maximum code block size Ky , 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:
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K, =3840

Total number of code blocks C is determined by:

Number of code blocks: C=1
B'=B
else
L=24

Number of code blocks: c=l B/(ch_LH

B'=B+C-L
end if

C0sCoisConyConseneyC o o )
The bits output from code block segmentation are denoted by ~'*" " "3 -1 where 0=r<C s the

code block number, and K =K is the number of bits for the code block number ¥

The number of bits K in each code block is calculated as:
K'=B'/C
For LDPC base graph 1,
K,=22
For LDPC base graph 2,
if B>640
K,=10 ’

elseif B>560

K,=8 ;
else

K,=6 ;
end if

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

Kyz.zK , and set K=22, for LDPC base graph 1 and k=10z, for LDPC base graph 2;

The bit sequence “* is calculated as:
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s=0 :

for =0 o C-1

for k=0 o K'-L-1

c,.=b, :
s=s+1
end for
if C>1

Crl’cr2’c

13 %rK'-L-11 s used to calculate the CRC parity bits ~ ProPrioPraoe Py

C
The sequence %’
D

according to Clause 5.1 with the generator polynomial 9ereasn

for k=K'-L o K'-1

C=Prigar-k |
end for
end if
for k=K'  K-1 -- Insertion of filler bits

C =< NULL> &
¢ ;

end for

end for

5.3 Channel coding

Usage of coding scheme for the different types of TrCH is shown in table 5.3-1. Usage of coding scheme for the
different control information 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
ucl Polar code

5.3.1 Polar coding

The bit sequence input for a given code block to channel coding is denoted by €€ € Carees by ,where K s

dd,,d,,...,d

the number of bits to encode. After encoding the bits are denoted by ~0°"1’7"2’""”"N-1 "where N=2"" and the
value of " is determined by the following:
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Denote by E  the rate matching output sequence length as given in Clause 5.4.1;

([log, E]-1]

¥ E=<[9/8]-2 and K/E<9/16

n,=[log,E[-1

>

else
n,=[log,E| :
end if
R . =1/8

>

n2:[log2(K/Rmm)]

b

n:max{min{nl,nz,n I,n

max | > ' 'min

=5

n_.
where  min

n,->E

PC

UE is not expected to be configured with K+ , where Mpc s the number of parity check bits defined in

Clause 5.3.1.2.
5.3.1.1 Interleaving

c,c,C,,C

1 ey C PR . . ! 1 r
The bit sequence 0’1’23 K-1 s interleaved into bit sequence €€ 1€ 2€

1 1
390 k1 as follows:

¢ =c

okl k:0,1,...,K—1

where the interleaving pattern Tk} given by the following:
it =0

mki=k  k=01,...,K-1

for m=0 o Kp -1
i M im=Kp™—K
11 (k| =™ (m |~ K™~ K]
k=k+1
end if
end for

end if

max

where I M is given by Table 5.3.1.1-1and K =164
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Table 5.3.1.1-1: Interleaving pattern Iy ml
] ] ] 7] ] 7] P 7] w7

0 0 28 67 56 122 84 68 by 33 o 38
1 2 29 69 57 123 85 73 By 36 u 144
2 4 30 70 58 126 86 78 U 44 by 39
3 7 31 71 59 127 87 84 o 47 i 145
4 9 32 72 60 129 88 90 e 64 u 40
5 14 33 76 61 132 89 92 Y 74 “ 146
6 19 34 77 62 134 90 o4 lsl 79 164 41
7 20 35 81 63 138 91 9% “ 85 v 147
8 24 36 82 64 139 92 99 102 97 o 148
9 25 37 83 65 140 93 102 112 100 u 149
10 26 38 87 66 1 94 105 2 103 © 150
1 28 39 88 67 3 95 107 12 117 L 151
12 31 40 89 68 5 96 109 1z 125 > 152
13 34 41 91 69 8 97 112 2 131 B 153
14 42 42 93 70 10 98 114 162 136 " 154
15 45 43 95 71 15 99 116 172 142 P 155
16 49 44 98 72 21 10 121 2 12 © 156
17 50 45 101 73 27 10 124 192 17 v 157
18 51 46 104 | 74 29 19 128 b 23 l;’ 158
19 53 47 106 75 32 19 130 3 37 © 159
20 54 48 108 76 35 0 133 by 48 1o 160
21 56 49 110 77 43 15? 135 133 75 116 161
22 58 50 111 78 46 0 141 1 80 i 162
23 50 51 113 79 52 10 6 2 86 1 163
24 61 52 115 80 55 l;’ 1 163 137

25 62 53 118 81 57 0 16 b 143

26 65 54 119 82 60 o 22 183 13

27 66 55 120 83 63 o 30 193 18

5.3.1.2 Polar encoding

1

Qo { Qe QMo Qs |

mx!)is given by Table 5.3.1.2-1, where

= - = Nmax_1
denotes a bit index before Polar encoding for i=0,1,... ’NmaX 1 and N s =1024 . The Polar sequence Q
w(ngx)<w (Q™)e...<w (Qﬁmx

‘Nmax
n.arl) , where W(Q‘. ) denotes the reliability of

N
The Polar sequence 0=<Q, ™=N,, 1

is in ascending order of reliability

bit index @i

N-1_[AN AN AN N |
For any code block encoded to N bits, a same Polar sequence Q =1Qp, Q1 Q Q) is used. The Polar

-1
max

N-1 max
sequence Q is a subset of Polar sequence Q with all elements < of values less than N | ordered

in ascending order of reliability W(Qg)<W(QiV)<W (szv)< <W (Q%,lj
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~N N-1 N
Denote @I as a set of bit indices in Polar sequence Q ,and Qr  as the set of other bit indices in Polar

AN AN AN
N-1 =N =N — =N —
sequence Q cwhere & and @ are given in Clause 5.4.1.1, ‘QI ’_K+nPC , ’QF|_N ’QI | , and

pc s the number of parity check bits.
10 }

G.,=
2[11

)@n

Gy=|G .
Denote N ( 2 asthe M -th Kronecker power of matrix G, , where

Forabitindex J with jZO,l,...,N—l , denote gj asthe J -throw of GN and W(\gf] as the row

weight of 9 , where w(g J ) is the number of ones in  Jj . Denote the set of bit indices for parity check bits as

Qb ‘QN I=n (n —nwm) . . : (n —nw’")
PC | where PCI™TPC | A number of pC  PC]  parity check bits are placed in the pC TPC|  Jeast
_N wm
reliable bit indicesin @ . Anumberof '™C  other parity check bits are placed in the bit indices of minimum row
3! 3 111y, Q!
weightin ~I [ where ~I denotes the I PC|  most reliable bit indices in ; if there are more than

wm

wm ~N
MPC  bit indices of the same minimum row weight in Q , the Mec  other parity check bits are placed in the

wm ~N
Mpc  bit indices of the highest reliability and the minimum row weight in Q

U=|Ugly Uy, . Uy

Generate according to the following:

k=0

>

n,->0

if PC

Yo=0 . y=0 . y,=0 _ y,=0  y,=0

for n=0  N-1
Yi=Yo : Yo=Y, T Y=Y3 : Y3=Yy4 : Y=Y
it n€Q)
it n€Qpc
U=y, .
else
k=k+1
Yo=Y U,
end if
else
u,=0 ’
end if
end for

else
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for n1=0  N-1
i neQr
u=cp |
k=k+1
else
u,=0 ’
end if
end for
end if
d=|d,d,d,...d, _,

The output after encoding

20

is obtained by

3GPP
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. The encoding is performed in GF(2).



Release 16 21 3GPP TS 38.212 V16.4.0 (2020-12)

-1
max

N N oo
Table 5.3.1.2-1: Polar sequence Q and its corresponding reliability W(Qf )

N| N| |

wio] o wlell @] wiell @] wilel|l o wlel] o wlel o] wlel o] wlel] 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

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 |a477| 9s2 | 190

67 528 195 108 323 | 448 | 451 | 432 579 666 707 367 835 [ 915 963 | 510
68 192 196 578 324 | 353 | 452 | 357 580 620 708 901 836 | 638 964 | 979
69 544 197 224 325 | 561 | 453 187 581 363 709 630 837 748 965 | 953
70 70 198 166 | 326 | 203 | 454 | 236 582 127 710 685 838 | 944 966 763
71 44 199 519 327 63 455 664 583 191 711 844 839 869 967 | 974
72 131 200 552 328 | 340 | 456 624 584 782 712 633 840 | 491 968 | 954
73 81 201 195 329 394 | 457 | 587 585 | 407 713 711 841 699 969 | 879
74 50 202 270 330 | 527 | 458 780 586 | 436 714 | 253 842 754 970 | 981
75 73 203 641 331 582 | 459 705 587 626 715 691 843 858 971 | 982
76 15 204 | 523 332 556 | 460 126 588 571 716 824 844 | 478 972 | 927
77 320 205 275 333 181 | 461 | 242 589 | 465 717 902 845 | 968 973 | 995
78 133 206 580 | 334 | 295 | 462 | 565 590 681 718 686 846 | 383 974 765
79 52 207 291 335 [ 285 | 463 | 398 591 246 719 740 847 910 975 | 956
80 23 208 59 336 232 | 464 | 346 592 707 720 850 848 | 815 976 | 887
81 134 | 209 169 337 124 | 465 | 456 593 350 721 375 849 976 977 | 985
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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
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

9 |250| 218 | 61 | 346 |211| 474 |676| 602 | 803 | 730 |634| 88 |seo| ose |'%°
91 | 84 | 219 [ 531 | 347 | 401 475 | 361 603 | 789 | 731 | 744 | 850 [ 499 | 987 | 951
92 |133| 220 |525| 348 |185| 476 | 706 | 604 |709| 732 |52 | 860 |731| 9s8 | '

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
97 98 225 177 353 593 | 481 | 348 609 374 | 737 906 865 | 502 993 | 955

98 |515| 226 |203| 354 [535| 482 |419| 610 [423| 738 | 715 | 866 |933| 994 |'%°
99 |88 | 227 |388| 355 |240| 483 |406 | 611 |466| 739 |07 | 867 |743| 995 | 'Ot

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

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 lgl
105 265 233 120 | 361 | 402 | 489 | 409 617 | 413 745 575 873 501 | 1001 | 999
106 161 234 | 201 362 356 | 490 | 570 618 603 746 913 874 | 876 | 1002 lgl

107 576 235 336 363 307 | 491 788 619 366 747 798 875 | 847 | 1003 | 767
108 45 236 62 364 | 301 | 492 | 597 620 | 468 748 811 876 992 | 1004 | 989

109 |100| 237 |282| 365 |417 | 493 |572| 621 |es5| 749 |379| 877 |aa7 | 2005 | 3
110 | 640 | 238 | 143 | 366 | 213 | 494 | 219 | 622 | 900 | 750 | 697 | 878 | 733 | 1006 | 990
111 | 51| 239 |103| 367 |568| 495 |311| 623 |805| 751 |431| 879 |s27 | 2007 | '
T2 | 148 | 240 | 178 | 368 | 832 ] 496 | 708 | 624 |615] 752 | 607 | 880 | 934 | 1008 | 959
113 | 46 | 241 | 204 | 360 |588| 497 |508| 625 |e84| 753 |480| 881 |ss2 | 1009 | 1O
114 | 75 | 242 | 93 | 370 |186| 498 |601| 626 |710| 754 |s66 | 882 | 937 | 1010 | 'O

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 | 1
117 | 517 | 245 | 502 | 373 |227 | s01 |792| 629 |252| 757 |o0s | 885 |s05 | 1013 | 1O
118 | 104 | 246 |323| 374 |96 | 502 |s02| 630 |373| 758 |718| 886 | 855 | 1014 | 1O
119 | 162 | 247 |392| 375 |504| 503 |611| 631 |605| 759 [813| 887 | 924 | 1015 | 't
120 | 53 | 248 | 297 | 376 | 418 | 504 | 602 | 632 | 648 | 760 | 476 | 888 | 734 | 1016 | 991
121 |193 | 249 | 770 | 377 |302| 505 |410| 633 |690| 761 |856 | 889 | 820 | 1017 | 107
122 |152| 250 | 107 | 378 |e49| 506 |231| 634 |713| 762 [830| 890 | 965 | 1018 | 190
123 | 77 | 251 |180 | 379 |771| 507 |ess| 635 |e32| 763 |725| o1 |o3s | 1019 | '
124 |164 | 252 |151| 380 |360| 508 |653| 636 |482| 764 |698| 892 | 884 | 12020 | 1"
125 |768 | 253 |200 | 381 |539| 509 |248| 637 |806| 765 |o914| 893 | 506 | 1021 | 192
126 |268| 254 |284| 382 |111| 510 |36 | 638 |427 | 766 [752| 894 | 749 | 1022 | 10°
127 |274 | 255 |648| 383 |331| 511 |190| 639 |904| 767 |s6s | 895 |945| 1023 | 197

5.3.2 Low density parity check coding

C45C1CpsCaenesC

The bit sequence input for a given code block to channel coding is denoted by k-1 where K s

the number of bits to encode as defined in Clause 5.2.2. After encoding the bits are denoted by do’dl’d2"”’dN -1,
where N=662, for LDPC base graph 1 and N=30Z, 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 ''s in Table 5.3.2-1 which contains Z,

2) for k:2ZC o K-1
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c,#4NULL>
if &
dk—ZZc:Ck .
else
=0 :
d_ 5y =<NULL>!
& ;
end if
end for
c
T HX|™ =0
+27 — L WEW, W Wy, W k-
3) Generate N+2Z -K parity bits 0T N2 K1 gych that w , where
T
c:[co,cl,cz,...,cK_1 0 - N .
; is a column vector of all elements equal to 0. The encoding is performed in

GF(2).

For LDPC base graph 1, a matrix of Hy, has 46 rows with row indices 1=0:1,2,..,45  and 68 columns
with column indices J= 0,12,...,67 . For LDPC base graph 2, a matrix of Hyg has 42 rows with row

indices  1=0,1,2,+,41 and 52 columns with column indices  J=0,1,2,+++,51  The elements in 56
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 Hy are of value 0.

The matrix H is obtained by replacing each element of Hy with a ZXZ, matrix, according to the

following:

Z XZ

- Each element of value 0 in Hyg is replaced by an all zero matrix 0 ofsize “c™%c

- Each element of value 1 in Hy, is replaced by a circular permutation matrix 1P, of size ZXZ, ,

where [ and J are the row and column indices of the element, and 1P, is obtained by circularly

shifting the identity matrix I' of size ZXZ, to the right Pi,i times. The value of Pi,j is given by
Pi,j:mOd(Vi:i’ZCJ . The value of Viyi is given by Tables 5.3.2-2 and 5.3.2-3 according to the set index

''s and LDPC base graph.

4) for k=K o N+2Z2.-1
Qg7 Wik .
end for
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Table 5.3.2-1: Sets of LDPC lifting size Z

Set index (

iLS ) Set of lifting sizes ( Z )
0 {2, 4, 8,16, 32, 64, 128, 256}
1 {3, 6, 12, 24, 48, 96, 192,

384}

2 {5, 10, 20, 40, 80, 160, 320}
3 {7, 14, 28, 56, 112, 224}
4 {9, 18, 36, 72, 144, 288}
5 {11, 22, 44, 88, 176, 352}
6 {13, 26, 52, 104, 208}
7 {15, 30, 60, 120, 240}
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H . . . V..
Table 5.3.2-2: LDPC base graph 1 ( 3¢ ) and its parity check matrices ( "ij )
HBG VLj HBG Vaj
Row Colum l Row Colum i
inde on Setindex 1S inde on Setindex IS
X index X index
; 0 1 2 3 4 5 6 7 ; 0 1 2 3 4 5 6 7
! J ! J
25 | 30 22 | 21 | 29 13 29 | 12 34 13
0 o - 73 3 1 P 0 p 1 9 2 o o 0 s 6 A
19 | 11 22 21 13 | 18 22
1 69 | 19 | 15 | 16 A 8 0 7 10 65 o 60 1 3 15 | 81 5
22 10 18 | 16 12 31 | 13 | 20 | 10 18 | 17
2 o 50 3 94 8 7 0 o s 13 63 s o 9 8 81 2 3
15 | 36 18 | 33 13 18 | 20 17 14
3 5 9 49 | 91 6 A 0 4 18 75 | 55 4 9 68 6 53 )
10 | 18 | 24 21 | 20 17 | 26 11
5 0 1 o 74 9 = 0 84 25 9 9 51 | 81 | 64 3 46 | 49
21 16
6 10 A 39 | 10 4 5 0 83 37 0 0 0 0 0 0 0 0
31 24 15 | 27 | 19
9 59 - 15 0 29 3 0 53 1 64 | 13 | 69 4 o o 88 | 78
22 | 28 | 16 | 20 | 14 | 25 22 33 | 14 | 16 29 | 19 | 15
W 9 8 2 5 4 0 0 5 g 49 8 0 4 13 3 8 2
11 | 10 | 21 | 21 | 11 20 33 | 16
11 o 9 5 o 6 1 0 5 . 11 49 | 57 | 45 | 43 | 99 5 0 84
0 19 16 21 | 33 12 28 | 11 | 18 33 | 12
12 1 17 4 21 A 5 0 5 20 51 5 5 9 54 1 5 5
35 | 13 | 21 | 11 | 20 15 30 | 10 11 | 18 | 20
13 9 > 3 5 5 1 0 75 22 4 57 o 1 0 4 2 5
19 | 21 | 29 23 13
15 S s p 14 3 53 0 p 38 0 0 0 0 0 0 0
10 | 11 14 | 34 21 26 | 25 15 | 11 18
16 23 6 o 70 4 - 0 ;- 0 7 o 5 56 3 o 91 3
19 | 24 | 11 | 14 30 22 16 | 30 | 14 | 11 | 13 | 22 | 18 | 11
& 0 2 3 1 95 4 0 0 v 4 3 7 0 7 8 4 2
18 19 | 21 | 16 12 | 20 24 10
19 35 o 16 8 A 7 0 90 17 16 59 | 81 5 o 0 S 30 6
23 | 33 | 18 | 10 10 35 11 21
20 S A 9 4 73 | 47 0 5 17 1 A 51 | 63 0 6 3 9
34 26 | 18 13 14 | 37 | 22 16 | 19 | 15 | 12
21 31 A 32 | 81 1 8 0 . 21 4 . 5 4 > o c 5
22 1 1 1 1 1 1 0 1 39 0 0 0 0 0 0 0 0
13 | 26 | 19 | 16 18
23 0 0 0 0 0 0 0 0 1 42 o o 9 1 47 1 3
30 | 14 | 17 23 | 16 | 29 | 11 | 15 | 28 21
0 2 76 3 1 9 77 | 22 | 9 12 3 3 7 o 1 o a1 5
23 29 16 | 22 23 28 | 29 | 20 24 | 16 | 18
2 9 76 4 45 2 5 1 6 . i 8 0 1 0 0 6 7 0
11 15 | 22 12 | 13 15 | 13 | 14 | 14 | 24 | 18 14
€ 7 | B2 23| %] 4] e 5 | 2 |1 | 83|12 | 1]|®%®] 3
12 | 28 | 26 25 | 33 22 14 29 | 18 | 14 14
4 4 s 1 46 A s 0 1 19 ; 4 - 5 4 73 s 14
14 | 16 | 11 | 16 | 26 12
5 71 4 1 9 0 s 10 o 40 0 0 0 0 0 0 0 0
22 | 33 | 13 | 15 11 14 17
7 5 1 3 5 76 5 0 92 0 60 A 64 8 0 87 | 12 9
10 | 33 13 | 20 | 30 17 21 | 18 11 10
@ 4 |1 | 13| 2]l2]1°%]"> 1 Bl | 1| 8191 08|78
17 | 17 11 34 | 10 | 10 | 11 | 14 | 16 | 15
9 3 8 80 | 87 = 50 2 56 " 7 72 7 1 3 8 7 6 S
- 22 [ 29 [12 |20 [[10 [ 16 [ o[ 14 . 12 | 24 | 27 | 19 | 14 | 25 | 18 | 13
0 5 9 6 9 7 7 2 0 8 4 8 4 8
10 | 34 | 30 25 18 22 | 19 20 | 19 | 19
1 12 2 5 o 93 | 15 3 60 9 10 4 = a1 8 0 4 1 5
14 i? %} 76 | 79 | 72 %f 0 95 41 0 0 0 0 0 0 0 0
13 26 15 | 24 15 | 18 | 30 | 10 | 26
15 5 99 o 9 5 5 6 85 0 1 = 1 5 5 89 6 77
14 | 35 1 | 15 | 25 15 18 | 20 | 16 | 21 18
16 5 7 72 8 8 5 30 3 3 6 A 2 o 81 | 65 | 12 7
15 | 11 19 | 14 | 13 21 | 26 12 15 20
17 < 4 83 4 7 3 0 87 " 9 7 ’ 40 T 90 c 15 3
25 | 33 | 26 15 16 | 16 34 | 13 | 21 | 14 | 24 16
1 5 |1 ] o | ¥ |6 | %] 8|3 i Y11l ol alalal b
11 | 30 | 18 | 11 | 30 21 16 18 | 22 13
21 28 ) 1 7 9 o 31 o 22 0 59 | 10 3 o 30 | 30 o
22 0 0 0 0 0 0 ? 0 42 0 0 0 0 0 0 0 0
21 24 | 20 19 16 19
23 0 0 0 0 0 0 0 0 1 9 - 79 5 64 2 6 7
12 | 10 | 17 | 13 26 12
24 0 0 0 0 0 0 0 0 5 1 2 o 1 46 4 86 5
2 10 | 20 20 | 25 | 22 | 13 | 18 10 | 32 | 13 | 22 | 26 | 34 21
2 6 5 68 7 8 6 2 9 o 9 8 2 0 6 6 96 5
1 | 25 20 | 16 13 | 21 | 28 14
1 1 5 7 3 7 35 | 37 4 20 1 3 3 50 9 3 42 | 65
2 18 | 32 | 80 | 31 | 22 | 21 | 21 | 22 21 17 | 97 | 10 | 10 | 18 | 10 | 19 | 21
5 8 0 3 5 1 3 6 9 9 6
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Table 5.3.2-3: LDPC base graph 2 ( Hyg ) and its parity check matrices ( Vi,] )

Hy, VLj Hy, Vaj
Row Colum l Row Colum i
inde on Setindex IS inde on Setindex IS
X index X index
. o | 12| 2] 3| 4|5 |56 |7 . o | 2| 2| 3| 4|56 | 7
1 J ! J
7 B | 14 | 14
0 o [ Yol |25 ]Y 16 26 ol oo oflo]| o] o] o
1 11 14 13 25 | 15 | 13 19
1 ol T I I B e B U 1 Dl o || TR |
20 | 16 %] 12 13 20 | 17
2 DRl o | sV n 5 213 o | D las s | DY
18 16 11 0 | 20 14 | 19
. 3 26 |66 | o | B¥les | 3| ¥l 11 Sl | R R e e | YT
18 ) 19 16 21
6 Sl | o |9 | Pl || 2 12 64 | 6 [ 18| 2 |42 | P 3|7
20 | 7 o 12 I
9 o e I T = I I 27 ol oo oflo]| o] o] o
22 | 18 7 12 | 2
10 ol ol o] 12| o| o] o] 1 0 2l o e | | YR
11 ol ol o] oflo| o] o] o 6 91 6 | 18| | W ]a]| 2|2
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5.3.3 Channel coding of small block lengths

The bit sequence input for a given code block to channel coding is denoted by CosC1pCps 3005 €

dyd,,d,....d

eoly

k-1  where K s

the number of bits to encode. After encoding the bits are denoted by

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:Qm and Qm is the modulation
order for the code block.

Table 5.3.3.1-1: Encoding of 1-bit information

< Encoded bits dp,d,,d,,....dy
: e

2 [Coy]

: [cy yxx]

° [C, yXXXX ]

8 [Co YXXXXXX|

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 c2:(c0+c1)mod 2 , N=3 Qm , and
Qm is the modulation order for the code block.
Table 5.3.3.2-1: Encoding of 2-bit information
Qm Encoded bits dﬁ’dl’d?""dN*l
1 [c,c.6,]
2 [€4€,6,€4C,C, ]
4 [c,c, XX €, XX €,C, XX]
6 [c,C, XXXX €,C, XXXX €,C, XXXX]
8 [Coclxxxxxx C,CoX XX XXX clc2xxxxxx]

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

K

-1
Z CpM;
k=0

d= mod 2

For 3<K<I11 | the code block is encoded by ,where 1=0,1--N-1 ~ N=32

>

and ik represents the basis sequences as defined in Table 5.3.3.3-1.

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

i Mi,o Mi,l Mi,Z Mi,3 MI,4 Mi,5 Mi,6 Mi,7 Mi,s Mi,9 Mi,lD
ol 1] 10 lo0]olo]olo]o o] 1
11 1] 1] 1]o0lo0o]ol oo o 1] 1
2 1] 00 1] o0 lo] 1o 111
3/ 1] 011 1]o0lo]olo] 10 1
2] 11 1] 1100 o] 1lo0o] o] 1
50 1] 100 1lo0o] 1 1] 101
61 1] 0 110 1lo0o] 1o 111
7071100 1] 1lo]ol 11 0] 1
8 1] 10 1] 1lo0o] o101 1
9l 10 111 1lo0o] 1 lo0o]o 11
é 1ol 1]lolol1l1]|1]lo]1]1
i 11 1]olol1l1]lol1]o0o] 1
; 1lolol1lol1lol1|l1]1]1
é 1 l1]ol1lol1lol1|lo]|1]1
}1 1lololo|l1]l1lol1]lo]o] 1
é 1 l1]olo|l1]l1l2]l1lo] 1] 1
é 11 1]o|l1]1l1]lolo]| 1] o0
% 1lolol1|l1]1lolol1]o] o
é 1|1 lol1] 1] 12|11 ]o0o]o0o] o
é 1lololo|lol1l1]lolo]| o] o
g 1ol 1]lo|lolol1]lolo]| o] 1
i 1] 1]ol1lolololo|lo]| 1] 1
g 1lololo|l1]lolol1|1]o0] 1
é 11 1]lo|l1]lololol1]1]1
i 1112l 1lolal 11| 1] o0
g 1l1]o0ololol1l1]|1]lo0o]o0o] 1
é 1ol 1]l1lol1lolol1]|1] o0
§ 111l 2 lol1lol1l1]1] o0
g 1ol 1]lo|l1]1l1]lol1]o0o] o
S 1ol 1l 1|11l 1l1]o0] o0
g R
f 1lololo|lololololo]| o] o
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5.4 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

dyd, d...,d

bit interleaving. The input bit sequence to rate matching is N-1 . The output bit sequence after rate

matching is denoted as folvfo-fe

5.4.1.1 Sub-block interleaving
d

N-1  are

dy,d,,d

The bits input to the sub-block interleaver are the coded bits ~0°"17"2>**

,d dy,d,d

N-1 | The coded bits ~0° 172"

divided into 32 sub-blocks. The bits output from the sub-block interleaver are denoted as MIMTMSTIEY S generated
as follows:

for n=0 o N-1
i=[32n/N| .
J(n|=Pli|x[N/32]+mod(n, N/32)
Ya=dy :
end for

where the sub-block interleaver pattern Plil given by Table 5.4.1.1-1.

Table 5.4.1.1-1: Sub-block interleaver pattern Pii]

il Pl i Pl Plij| i Plij | i | P i| P i Pli|| i Pli|
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

_N _N QN—I
The sets of bit indices @ and @F  are determined as follows, where K | "Pc  and o are defined in
Clause 5.3.1

AN

QF,tmp:ﬂ
if E<N

if KIE<7/16 -- puncturing

for =0 ¢ N-E-1

AN AN ()
QF,tmp_QF,tmpU\J(nJB ;

end for

if E=3N/4

Qg,tmp:(_)g’mpu:0,1,...,[3N/4—E/2]—1}

>

else

Qr.mp=QF.mpU 0,1,...,[9N/16—E/4]-1]

>

end if
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else  -- shortening

for N=F ¢ N-1

~N _AN [0\
QF,tmp_QF,tmpU\J(nyB ;
end for

end if
end if

N _ ~N-1(AN .

Ql,tmp_QO {QF,tmp(’

Qr
AN _ ~N-1(AN
Qr=Q {QI" :

54.1.2 Bit selection

The bit sequence after the sub-block interleaver Yo Yv Yy

of length N

. K+n . o
comprises ( PC) most reliable bit indices in Q1 mp

3GPP TS 38.212 V16.4.0 (2020-12)

from Clause 5.4.1.1 is written into a circular buffer

Denoting by E  the rate matching output sequence length, the bit selection output bit sequence & ,

k=012,...E-1 js generated as follows:
if E=N  _ repetition

for k=0 ¢ E-1

€= Y mod(k,N)
end for
else
it K/E<7/16 -- puncturing
for k=0 o E-1
ek:yk+N—E
end for
else  -- shortening
for k=0 o E-1
=Yk
end for
end if
end if
5.4.1.3 Interleaving of coded bits
€0y11Cyyeee€

The bit sequence “0°"1r72r

3GPP
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i Ien=1

T(T+1|/2>E

Denote I as the smallest integer such that

k=0

>

for =0 o T-1

for J=0 o T-1-i

it k<E

Vi i~k

>

else

v, ;=<NULL>{

i : ;
end if
k=k+1

end for

end for

k=0

>

for J=0 o T-1

for =0 o T-1-j

v, j#4eNULL> G
if o

end if
end for
end for
else

for =0 o E-1

fi=e;

end for
end if

The value of E s no larger than 8192.

3GPP
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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 dydy, -y . The output bit sequence after rate matching is denoted as
fofioforefpy
5421 Bit selection

The bit sequence after encoding Ao dyy ooy from Clause 5.3.2 is written into a circular buffer of length Nfb

for the r -th coded block, where N is defined in Clause 5.3.2.

Forthe r -th code block, let Ncb =N if I 5y =0 and N 5 =min (N ’ Nref ) otherwise, where
B TBS LERM
ref X —
CRypry RLBRM_2/3 , TBS gy is 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 'qam256', maximum modulation order Q,=8 is assumed for DL-SCH; otherwise a maximum modulation

order Qm:6 is assumed for DL-SCH;

- 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 'qam256', maximum modulation

order Q,=8 is assumed for UL-SCH; otherwise a maximum modulation order Qm:6 is assumed for UL-
SCH

- maximum coding rate of 948/1024;

n n
- PRB "PRB,LBRM  is given by Table 5.4.2.1-1, where the value of ~ PRB.LBRM  for DL-SCH is determined

according to the initial downlink bandwidth part if there is no other downlink bandwidth part configured to the
UE;

=n

Nie :156013123 .

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

3GPP
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Table 5.4.2.1-1: Value of nPRB,LBRM

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

SCH and UL-SCH, respectively PRB,LBRM

Less than 33 32

33 to 66 66

67 to 107 107

108 to 135 135

136 to 162 162

163 to 217 217

Larger than 217 273

Denoting by E. " the rate matching output sequence length for the T -th coded block, where the value of B i
determined as follows:

set Jj=0
for =0 ¢ C-1

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

E,=0

;
else

if J=C'—mod(G/[N.Q,|.C'|-1

Er:NL.Qm.\ G ‘

N,;-Q, C’ :
else
Er:NL'Qm'[ﬁ]
end if
j=j+1
end if
end for
where
- Ni " is the number of transmission layers that the transport block is mapped onto;
- Q, is the modulation order;
- G s the 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 €' is the number of
scheduled code blocks of the transport block if CBGTT is present in the DCI scheduling the transport block.
Denote by Mid  the redundancy version number for this transmission ( Wi = 0, 1, 2 or 3), the rate matching

e

output bit sequence k k=012,...,E-1 , is generated as follows, where k0 is given by Table 5.4.2.1-2

according to the value of ™id  and LDPC base graph:

3GPP
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diy s jimoan,, = NULL> ¢

if &
ek:dgkoﬂ}mod Ny
k=k+1
end if
j=j+1
end while

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

k
Iv. 0

id LDPC base graph 1 | LDPC base graph 2

0 0 0
17N, 13N,

1 Z Z
662, | ¢ 50z, | ¢
3N, 25N,

2 Z Z
662, | ° 50z, | ¢

3 56N, p 43N, p
66Z, | © 50z, | ¢

5.4.2.2 Bit interleaving

The bit sequence €181 s interleaved to bit sequence folvfp-fe , according to the following, where
the value of Q is the modulation order.

for J=0 o E/Q,-1

for =0 o Q,~1
fi+j»Qm:ei-E/Qm+]'

end for

end for

5.4.3 Rate matching for channel coding of small block lengths

The input bit sequence to rate matching is oy, y . The output bit sequence after rate matching is denoted as

folvfyfe ,where E is the rate matching output sequence length. The bit sequence fofifpsfps is
obtained by the following:

for k=0 o E-1

3GPP
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fi= ) moan

end for

5.5 Code block concatenation

The input bit sequence for the code block concatenation block are the sequences f k for I'= 0,....,C=1 ang
k=0,....E -1 , where E, is the number of rate matched bits for the " -th code block. The output bit sequence
from the code block concatenation block is the sequence % 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 anq r=0
while I'<C
set J=0

while J<E.

9=,
k=k+1
j=j+1
end while
r=r+l

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].

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

1 by Gy 1,0y, 35-- 85 , and the parity bits by Po>»P1>P2>P3s-e5Pry ,where A is the payload size and

a
L is the number of parity bits. The lowest order information bit 0  is mapped to the most significant bit of the
transport block as defined in Clause 6.1.1 of [TS38.321].

3GPP
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The parity bits are computed and attached to the UL-SCH transport block according to Clause 5.1, by setting L

24 bits and using the generator polynomial Jercaun D) it A>3824 . and by setting L t0 16 bits and using the
D|

generator polynomial Jercs! otherwise.

The bits after CRC attachment are denoted by bO’bl’ b2’b3 e bB—l , 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
6.1.4.1in [6, TS 38.214] and subsequent re-transmission of the same transport block, each code block of the transport
block is encoded with either LDPC base graph 1 or 2 according to the following:

if A<292 , orif A<3824  anq R<0.67 , orif R<0.25 , LDPC base graph 2 is used;

- otherwise, LDPC base graph 1 is used,
where A s the payload size as described in Clause 6.2.1.

6.2.3 Code block segmentation and code block CRC attachment
By,byb,, by, by

The bits input to the code block segmentation are denoted by -1 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.

CrorCrisCrprCrgoe "’CrﬂKr—l}

The bits after code block segmentation are denoted by , where T is the code block

number and K, is the number of bits for code block number T 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

Cc..C.C.,,C

r0’-ri12-r2? r3""’Cr[Kr71}

,where T isthe code block number, and K, is the number of bits in code block

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

d,d,d,,..d

drO’

After encoding the bits are denoted by ey rIN-1) - where the values of N, is given in Clause
5.3.2.
6.2.5 Rate matching

drO’drl’er’drS"'"dr\:Nr—l}

Coded bits for each code block, denoted as , are delivered to the rate match block, where

I is the code block number, and N, is the number of encoded bits in code block number 7 . 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

=1

setting I g if higher layer parameter rateMatching is set to limitedBufferRM and by setting I gy =0

otherwise.

frO’frl’frZ’fr3’""fr\:Er—lzx

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

for code block number T
6.2.6 Code block concatenation
frO’frl’frZ’er"'"fr\E'—l}

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

r=0,...,€=1  and where Er is the number of rate matched bits for the T -th code block.

Code block concatenation is performed according to Clause 5.5.
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The bits after code block concatenation are denoted by 909192 93>+ 961 ,where G is the total number of
coded bits for transmission.

6.2.7 Data and control multiplexing

gUL—SCH UL-SCH UL-SCH _UL-SCH gULscH
Denote the coded bits for UL-SCH as  “° 91 92 193 I GUSHy

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

parameter cg-UCI-Multiplexing is configured, if any, as 9o 910 292 >G5 s gaek

CSI-partl _CSl-partl _CSI-partl _CSl-partl gCSl—partl
Denote the coded bits for CSI part 1, if any, as  ~7° *I1 »92 ’J3 e ISy

CSl-part2 _CSI-part2 _CSl-part2 _CSl-part2 CSlI-part2

0 291 y Y2 b] 93 PEREE] GCSI-parIZ_1

Denote the coded bits for CSI part 2, if any, as

Denote the coded bits for CG-UCI without HARQ-ACK, if any, as
CG-UCI _CG-UCI _CG-UCI _CG-UCI CcG-UCI
9o »J1 » 9o »93 :""gGCG’”C’_l

Denote the multiplexed data and control coded bit sequence as 99919293+ 961

NPUSCH 1 NPUSCH
Denote | asthe OFDM symbol index of the scheduled PUSCH, starting from 0 to ~ ~" symb,all , where " symball
is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS.
k MPUSCH -1 MPUSCH
Denote as the subcarrier index of the scheduled PUSCH, starting from 0 to s , where sc is
expressed as a number of subcarriers.
UL-SCH
Denote ! as the set of resource elements, in ascending order of indices k , available for transmission of data in
I 1=0,1,2,...,N'oCh 1
OFDM symbol , for ? 5% e Hsymball
UL-SCH ( l) — ‘q)UL-SCH‘ UL-SCH UL-SCH ( ) .
Denote ~— * ! as the number of elements in set ™ ! .Denote ! asthe J -thelement in
q)UL—SCH
1

e . . - . . .
Denote ™! as the set of resource elements, in ascending order of indices k , available for transmission of UCI in

_ PUSCH _ uct —_|guct uct
OFDM symbol I for [=0,1,2,. "’Nsymb,aﬂ 1 . Denote M) ‘q)’ ‘ as the number of elements in set £1 .
ucl | . . uct
Denote ! ) asthe J -thelementin ® . For any OFDM symbol that carriers DMRS of the PUSCH,
PUC = 0 PUCT — pUL-sCcH
1 - - 1

. For any OFDM symbol that does not carry DMRS of the PUSCH, ™!

If frequency hopping is configured for the PUSCH,

(1)
- denote | 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;

2
- denote ? 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.

(1)
- denote lei as the OFDM symbol index of the first OFDM symbol that does not carry DMRS in the first hop;

(2)
- denote lesi as the OFDM symbol index of the first OFDM symbol that does not carry DMRS in the second
hop;
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- 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

G V)=N Q|G 2N, g G (2IEN QG 2NLQ, ]

>

and
- if CSl s present for transmission on the PUSCH with UL-SCH, let

GOstpart 1):NL.Qm.[GCSI—Dartl/(z,NL.Qm)J

>

GCSI-pam(2):NL'Qm'[GCSI_partI/(ZNL'QmH

>

GCSI-paru(1):NL.Qm.lGCSI-partz/(Z.NL-Qm)J - and

GCSI_parQ(2):NL'Qm'[GCSI_pan2/(2'NL'QmH

>

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

] GCG‘UCI(l):NL'Qm-[GCG_UCI/(Z-NL'Qm)j and
GCG—UCI(Z):NL.Qm .[GCG—UCI/('Z 'NL'Qm)]

- if only HARQ-ACK and CSI part 1 are present for transmission on the PUSCH without UL-SCH, let

GACK(D:HHH(NL @m %ACK /( 2®L Qm)g M30L Qm)

>

GACK(2):GACK— GACK< 1)

>

GCSI_pan1<1):M1'NL'Qm—GACK(1) . and

GCSI-partl ( 2 ) - GCSI—panl _ GCSI—panl ( 1 )

- if HARQ-ACK, CSI part 1 and CSI part 2 are present for transmission on the PUSCH without UL-SCH, let

GACK(l):miH(NL @m @ACK /( ZWL @m)$ M30L @m)

>

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 (1)=min (NL'Qm'{GCSme/(’Z'NL‘Qm)J’M 1N Q=G 1))

G™ (1) =min( N, €@, @/ (20, @, § M &, ¥, -G\ 0)

>

otherwise,
GCSI-partl ( 7 ) — GCSI-panl _ GCSI-panl ( 1 )

>

CSl-part2 _ N . _ ~CSl-partl
G (1)_M 1Ny Q=G (1) if the number of HARQ-ACK information bits is no more than 2, and

G 12 M QG (UG 1) e ang

CSl-part2 ( 7\ _ N . _ ~CS-partl
G (2)_M »NpQ=G (2) if the number of HARQ-ACK information bits is no more than 2, and
GCSI-paﬂ2(2):M Q'NL'Qm_ GACK<2)_ GCSI-part1(2>

otherwise;
- if CG-UCI is present for transmission on the PUSCH with UL-SCH and without HARQ-ACK, let
i GCSI*partl(1):min(NL.Qm.[ GCSFparzl/(z.NL.Qm)j,Ml .NL.Qm_GCG*UCI(l)) :

>

GCSI*part1(2)=GCSprart1_GCSprart1 ( 1)
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let
the first and second hop, respectively;

GCSI*part2‘ 1):M1 .NL_Qm_GCGfUCI[1")_GCSI*partl(1] ; and

GCSI—partZ(Zj:MZ NLQ _GCG—UCI(Z)_GCSI—partl(Z) .

if CSI part 1 and CSI part 2 are present for transmission on the PUSCH without UL-SCH, let

G (1) =min( N, €@, @~ /29, @, § M ¥, @, -G\ 0)

>

GCSI-partl ( 7 ) — GCSI—panl _ GCSI—panl ( 1 )

5

GCSI-partZ( I)ZM 1'NL'Q _GCSl»panl ( 1)
m

; and
GCSI—partZ(z):M z'NL'Qm_ GCSI-part1<2) :
PUSCH _ PUSCH PUSCH
NhOP =2 , and denote Nsymbyhop( 1) , Nsymb:hop(2> as the number of OFDM symbols of the PUSCH in

Ny is the number of transmission layers of the PUSCH;

Qm is the modulation order of the PUSCH;

PUSCH
N ymbhop 11~ 1

M=y M
1=0

>

PUSCH PUSCH |,
Neymb,hop 1+ Noymb hop 21— 1
_ uct |
M,= )y M)
_ aA7PUSCH |
’7N5vmb,hGD 1
Ny (1)1
M, = M UCI(I}
3= sc

1=1"

If frequency hopping is not configured for the PUSCH,

GACK(l)
same PUSCH with UL-SCH, let -

if CSI is present for transmission on the PUSCH, let

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

l( 1)

denote 'CSI  as the OFDM symbol index of the first OFDM symbol that does not carry DMRS;

if HARQ-ACK is present for transmission on the PUSCH or if both HARQ-ACK and CG-UCI are present on the

ACK
G

GCSI—partl ( 1 ): G CSl-partl GCSI-pan2 ( 1 ) =G CSl-part2

and ;

if CG-UCI is present for transmission on the PUSCH without HARQ-ACK, let GCG_UCI ( 1) = GCG_UCI R

NPUSCH ( 1): NPUSCH

and symb,hop symball

The multiplexed data and control coded bit sequence 9991929961 s obtained according to the following:

Step 1:

Se

5 UL-SCH __ ,UL-SCH
t (I)l - cI)I

_ PUSCH
for I—O,]-;zy'--JNsymb,aH_]'

3GPP
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\ 7 UL-SCH _ | & UL-scH _ PUSCH
e M =R 120,12, N1
F.UCI _ £ UCI - PUSCH _
Gop BV =P 120,12, N -1
7 UCI _ |Fuct _ PUSCH
Set Msc (I) _|CI)I | for 1_0’ 1)2"")Nsymb,all_1

if the number of HARQ-ACK information bits to be transmitted on PUSCH is 0, 1 or 2 bits and without CG-UCI

the number of reserved resource elements for potential HARQ-ACK transmission is calculated according to Clause

6.3.2.4.2.1, by setting Opex = 2;

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

Gi*)=N, @, /20, @, §

if frequency hopping is configured for the PUSCH, let

G:CK(z) N, Q %ACK/ 2®L @m)ﬁ

and

GACK (1) — GACK
if frequency hopping is not configured for the PUSCH, let ~rd ™

= rvd
denote ?, as the set of reserved resource elements for potential HARQ-ACK transmission, in OFDM symbol
_ PUSCH
l ,fOr 1_0’1’2"“’Nsymb,all_]‘

ACK
Set count(l) 0 ;

ACK
Set mcount<2) 0 ;

= rvd — PUSCH
@lV :/@, for 1_0’1’2""’Nsymb,all_1

, [PUSCH
for =1 1o hop

m K (i) < G K (i)

while ™Meount d
(1) >0
£ G ()~ miSh () T 1) ¥, @,
d=1

>

RE __ a5 UL-SCH
mcount - Msc ( I) .
b

end if

GACK (1) mﬁ)ﬁi (l) < MS[CJCI ( l) QL @m
d =1 (1) 0, @, /(G D-mk ) §

m, = oo (H-min ) /(N, @, §,

3GPP
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end if

. RE 4
for J=0 o Mcount

(T)lrvd — CT>Irvd U{ CT)IUL-SCH( ]G)}

count ~ "count

K (ij=m K1, 0,

end for
end if
I=1+1
end while
end for
else
=0 . 1=0,12.., Nyl

end if

=@ (1) _| zIvd = rvd
Denote MSC) I"Vd( l‘] _|(DI ‘ as the number of elements in &
Step 2:

3GPP TS 38.212 V16.4.0 (2020-12)

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,

ACK (1) _
Set mcount<1)_0 ;
ACK _
Set mcount<2)_0 ;
ACK -0
Set mcount,all_ ;
PUSCH
for =1 o Nhop

while Mol 1<G™(1

ML 1) >0
G (i) —-mi () L (1) @Y, @,

i, = 1)

end if

£ G- <L 1) 0, €,

count

3GPP
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d= gua & Q / GACK (i) - mcﬁ:ﬁ (l))i

M =11 G () =mi (D[N,Q, |

end if
. RE -1
for J=0 o Meount
TUCI( :
k= D, ( J é) .
for V=0 ¢o NL.Qm_l
ACK
9k, y=9 ack
coum all
ACK _ ACK
mcount,all_ mcount,all +1

S (=1

end for

end for

D), =9,

>

. RE _1
for ]:0 to mcount

q)UCI (I)UCI Uq)UCI( JG) ‘

1,tmp 1,tmp
end for

q)UCI — q)UCI \q)UCI

1 tmp

(T)UL-SCH CI)UL -SCH \ (DUCI
I

Itmp
M 1) =)@

MSLCJL-SCH ( l) — |(T>1UL-SCH| '

>

end if
[=1+1
end while

end for

end if

Step 2A:

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

3GPP
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Set

Set

Set

for

while m_,.,

mCG*UCI(l):O :

count

come12/=0

cG-ucI
=0

count,all — ’

. PUSCH
i=1 to Ny,

CG_UCI(iJ<GCG_UCI ( i )

it Mo(1>0

if GCG*UCI(I-)_mCG*UCI(lszUCI(”.NL'Qm

count sc |
d=1 ;
R UCT .
mcount_Msc (I) ’

end if

if GCG_UCI(i)—mCG_UCI(1)<MSL£CI(l].NL.Qm

count
d=] M1 N,. QG (i)—mES, il | ;
Ml =[GV (i) =m " i)/, Qu| T
end if

for j=0 to m" 1

COU”[_
k=0 (j.d) ;
foor v=0 w0 N,;.Q,—1

, _ cG-ucl
gl’k,v—gmcc—um 5

count,all

CG-UCI ____ CG-UCI

count ,all — ""tcount,all + 1 ;
CG—-UCI|.\__ . CG-UCI ) .
count { ) count (l + ]- ’
end for
end for

D0 =D
for j=0 to m. —1

D0, =D, VD (j.d)
end for

q')IUCI:c’DIUCI{ r L UCI

q)(’l,tmp ;

* UL—SCH _ % UL—SCH [ 4 UCI .
@D, =9, {ch,,tmp ;

3GPP

3GPP TS 38.212 V16.4.0 (2020-12)



Release 16 48
MUCI ’ (DUCI‘ .

bl

MUL SCH“ _‘(DUL SCH‘

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

end if

Step 3:

if CSI is present for transmission on the PUSCH,

mCSI—partl ( 1): 0

Set count

mCSI-partl ( ) ) =0

Set count

>

CSl-partl __
Set mcount,all =0

for =1 o

M) =M (1) 90

while
I=1+1
end while

While CCOS:III-lltJartl ( . )< GCSI—partl ( i )

¢ MS[CJCI(I) M<I>

sc, rvd

(1)>0

GCSI-panl (l) _ mCSI—panl (1) q M UCI

. count
if

Mg (1) O, @,

d=1

>

=M (1) =M (1),

>

COHH[
end if

GCS[-panl(l-) _ mCS[-panl(l-) < ( Mslim ( l)

. count
if

UCI
d 8\/’ sc rvd

i =f[GE5m )

M. (1) 9, @,

mean ™ (i)/[N,Q, |

>

3GPP
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end for

Set

Set

Set

for

mCSI—partZ( 1): 0

end if
(T)Ilemp — &)IUCI \q_D;'Vd )

. RE 4
for J=0 o Mecount

k=™ (j @)

for V=0 to NL.Qm_l

- __ _CSl-partl
91, k,v— ngSI-parll
count, all

CSl-partl _ _ CSl-partl
count,all _mcount,all +1

CSI—partl( .)_ CSI—partl(l-)_I_1

count —""“count ;

end for

end for

. RE -1
for ]:0 to mcount

O =3 U™ | j4@)

end for

cT)IUCI — cT)IUCI \CT)UCI

Ltmp .
b

T ULSCH _ 3 ULSCH | FUCI
2, =, \ q)l,tmp .
bl

#(1) =[]

>

MSLCJL—SCH ( l) — |&)IUL-SCH| '

>

end if

[=1+1

end while

count ;
CSl-part2 _
mcount ( 2 ) =0 ;
CSl-part2 __ 0
count,all —
PUSCH
i=1 o Niop

3GPP
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(i)
l _ICSI

MUCI(I) %

while %

I=1+1

end while

CSl-part2 ( i ) <GCSI-part2 ( . )

m count l

while

1

1) >0

} GOSH2 () _ CSi ) WSICJCI ( l) @L @m

count
1

end if

. GCSI—partZ (l) _ mCSI—partZ (l) < MUCI ( l) @L @m

count sc

d= gslcm ( l) wL @m /( G Cstrar2 (i) - mccoiln-llaanz

RE

M o™=

count

end if

. RE
for J=0 o Mecomnt

k=2 (j @),

>

for V=0 o NpQ,~1

_ CSlpari2

91, k,v— CSI-part2
count, all

CSI-part2 _ _ CSl-part2 +1
count,all — ""count,all

CSI—part2( .)_ CSI—partZ(l-) +1

count — "count ;

end for
end for
HUCI _
CI)I,tmp - 0

. RE -1

for J& 0 to mcount

FUCI _ xUC [ |&/UC(

q)l,tmp - (I)I,tmp Uq)l ( JG) .
end for

3GPP
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q_)IUCI — q_)IUCI \CT)UCI

Ltmp .
3

FUL-SCH _ FUL-SCH | g5 UCI
P, =9, \ D
b

WL 1) =B

>

MSICJL—SCH ( l) _ |(§IUL-SCH| .

>

end if
I=1+1
end while

end for

end if

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

UL-SCH _ 0
Set count ;
PUSCH
for [=0 to Nsyrnb,all_1

MU (1) >0

if
. 7 UL-SCH (1) _
for J=0 1o M, 1) -1
k=B )
for V=0 1o NyQ,-1
_ __ UL-SCH
gl,k,v—gmUL—ISCH )
UL-SCH____ UL-SCH
mcount — "eount +1 ;
end for
end for
end if
end for
end if
Step 5:

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

3GPP
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ACK [ 1\_
Set mcount(l)_o ;
ACK _
Set mcount<2)_0 ;
ACK  _ 0
Set mcount,all_
. PUSCH
for =1 o NhOP
l:l(i) .
ACK (. ACK /.
while mcount( ! )<G ( l )
v
lf Msc,rvd(l) > 0

G () -miK () N (1) ¥, @,

end if
£ G -mun () <ML, (1) O, @,
d=§ 1) O, @, /|G ()-mS )| §

o, 167 K4,

count count

end if

' RE
for J=0 o Mcount

k=3 (j @)

>

for V=0 1o N Q-1

—  _ ACK
91kv=Y,acx
count, all
ACK ACK
m =m +1

count,all ™ "*count,all

(=1

end for
end for
end if
I=1+1

end while

3GPP
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end for

end if

1=0 NPUSCH 1

for to symball

j:0 MUL-SCH(I) _1

for to ¥

k — q)}JL-SCH ( J) '

>

for V=0 o NpQ,~1

9= kv
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

If only HARQ-ACK bits are transmitted on a PUCCH, the UCI bit sequence

~ACK

ay,01,0,05,...,0 4

3GPP TS 38.212 V16.4.0 (2020-12)

is determined by

_ . ACK ACK
setting 4i=0; for 1=0,1,...,07" =1 4yq A=0 , where the HARQ-ACK bit sequence

~ACK [ ~ACK ~ACK
O[] y{

If only HARQ-ACK and SR bits are transmitted on a PUCCH, the UCI bit sequence

—5ACK . ACK
determined by setting %1~ 0i for 1=0,1,...,07" -1

N e N
1 0**~1” s given by Clause 9.1 of [5, TS38.213].

a,,d,,d,,d,,...,d

00Uty ntin g g

. ~ACK ~ACK ACK , ~SR ACK , ~SR
i=07,07+1,...,07+0" -1 , and A=0 +0 , where the HARQ-ACK bit sequence

~ACK  (~ACK ~ACK
0[] y{

given by Clause 9.2.5.1 of [5, TS 38.213].

6.3.1.1.2 CSl only

1oy 0 6. i ’
1 01" g given by Clause 9.1 of [5, TS 38.213], and the SR bit sequence

~SR  ~SR ~R
{01 y---)o()SlLl(J

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 5.2.2.2.1in [6, TS 38.214].

The bitwidth for PMI of codebookType=typel-SinglePanel with more than 2 CSI-RS ports is provided in Tables

(Nl’NZ) (01’02)

6.3.1.1.2-1, where the values of and

3GPP

are given by Clause 5.2.2.2.1 in [6, TS 38.214].
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Table 6.3.1.1.2-1: PMI of codebookType=typel-SinglePanel

Information field

X1 for wideband PMI

Information field

2 for wideband

PMI
or per subband PMI

i

(

o

l

12 )

I

codebookMode=1 codebookMode=2 codeboolkMode= codebookMode=2
g Nlol
Rank = 1 with >2 O)g2 N101€ 22
CSI-RS ports, ( ; ( | NA 2 4
N2>1 @gz N202<) g NZOZ
27y )
Rank = 1 with >2 (0382 N0, 4 N,0,
CSI-RS ports, ’ [log, | N/A 2 4
N2:1 Q)gZ NZOZ‘) ( 2 rO)
Rank=2with4 | @pg, N0, 4 N,0,
CSI-RS ports, [log, 5 ] 1 1 3
N2:1 &gZ NZOZ ‘) ( ’ 0)
g N,O,
Rank=2 with >4 &2, N O ¢ )
CSI-RS ports, ( ’ ( ’ 2 1 3
N2>1 0)82 N202<) %g NZOZ ;
27y )
Rank=2 with >4 (ng N0 € N,0,
CSI-RS ports, [log, ] 2 1 3
N2:1 O)gZ NZOZ ‘) 2 > 0)
Rank=3 or 4,
with 4 CSI-RS (0)82 N,O € g, N,0, 4) 0 1
ports ’
Rank=3 or 4,
with 8 or 12 CSI- (ng N101€ 0’82 N,0, 4) 2 1
RS ports ’
Rank=3 or 4, % N0, %
with >=16 CSI- g — 2 1
RS ports ( 2 s é)gz N0, ‘)
Rank=5 or 6 (0’82 N1O1€ Q’gz Nzoz 4) N/A 1
Rank=7 or 8, g Nlol N/A 1
Ny =4,N, =1 ( ) ®g2N202€)
Rank=7 or 8, g Nzoz N/A 1
N,>2,N, =2 (Q)gz NOX 2 9 )

3GPP
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Rank=7 or 8,
with

N, >4,N, =1

or (O)g2 N101€’ 0)32 N0, 4) N/A 1

N, =2,N,=2

N, >2,N, >2

r

The bitwidth for PMI of codebookType= typel-MultiPanel is provided in Tables 6.3.1.1.2-2, where the values of

Ng, NN | (0,0

nd v 2] 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

Information fields Xl for wideband X2 for wideband
or per subband

(o, 1) Lyl Dt i ‘ ‘

143 2 200 |
_ N =2 (é)gz N 101€
Rank=1 with g ’ N/A 2 N/A N/A 2 N/A | N/A | N/A
codebookMode=1 O)gz N 202 ‘)
. N =4 (0)32 N 1O1€
Rank=1 with g ’ N/A 2 2 2 2 N/A | N/A | N/A
codebookMode=1 O’gz N,0, ‘)
Rank=2 with N9_2 s (Q)gz N101€
_ ’ 1 2 N/A | N/A 1 N/A | N/A | N/A
N1N2 =2 é)gz Nzoz‘
codebookMode=1 )
Rank=3 or 4 with Ng_z , ( 0’82 N101€
_ ’ 0 2 N/A | N/A 1 N/A | N/A | N/A
NlNZ =2 ®g2 N2024
codebookMode=1 )
Rank_:2 or 3 or 4 with ( ng N1O1€
Ng—2 NN, >?2 NO ’ 2 2 | NNA | NA | 1 |NA|NA|NA
codebookMode=1 ng 272 ‘)
Rank=2 with Ng =4 s (ng N1O1€
_ ’ 1 2 2 2 1 N/A | N/A | N/A
N1N2 =2 é’gz Nzoz‘
codebookMode=1 )
Rank=3 or 4 with Ng_ 4 S ( O’gz N101€
_ ’ 0 2 2 2 1 N/A | N/A | N/A
oot | #ENO4
codebookMode=
Rank=2 or 3 or 4 with N.O 2 2 2 2 1 N/A | N/A | N/A
(O)gz 1 1{

Ng:4 NN, >2
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codebookMode=1 O)gz N 202 ‘)
N =2 ( ®g2 NG, ‘

Rank=1 with g ’ N/A 2 2 N/A | N/A 2 1 1
codebookMode=2 O’gz N,0, ‘)
Rank=2 with Ng =2 ( Q)gz N101€

_ ’ 1 2 2 N/A | N/A 1 1 1
NlNZ =2 O’gz Nzoz‘
codebookMode=2 )
Rank=3 or 4 with Ng_z ( 0’82 N101€

_ ’ 0 2 2 N/A | N/A 1 1 1
NlNZ =2 ®g2 N2024
codebookMode=2 )
Rank=2 or 3 or 4 with Q)g N.O ‘

2 1Y

Ng:2 N,N, >2 ( vod | 212 2 |NA|NA| 1 | 1 |1

codebookMode=2 O)gz 272 ‘)

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, CQIl, and CRI of codebookType=typel-SinglePanel

Bitwidth
Field 1 antenna 2 antenna 4 antenna >4 antenna ports
port ports ports Rank1~4 Rank5~8
Rank Indicator 0 minfl»“ngnRJ) miH[Z,[lOgZHRI]J Hoggnm] “ngnm]
Layer Indicator 0 &g, 0§ min (2, §pg, v@ | min(2, €g,v@ | min(2, g, v
Wide-band CQI for the
first TB 4 4 4 4 4
Wideband CQlI 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
CSI-RS CSI-RS CSI-RS CSI-RS CSI-RS
CRI [log,|KS/11 - [log,[KS™[1| [log, K ™/1 | [log,[KS™]| [log, [KSI™]]

nRI 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].

U s the value of the rank. The value of

CSI-RS

s 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/CRI of codebookType= typel-MultiPanel is provided in Table 6.3.1.1.2-4.

3GPP
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Table 6.3.1.1.2-4: RI, LI, CQI, and CRI of codebookType=typel-MultiPanel

Field Bitwidth
Rank Indicator min|2,[log,n, ||
Layer Indicator min( 2, §pg, v
Wide-band CQI 4
Subband differential 2
CcQl
CSI-RS
CRI [log2(KS ]]
where ™ is the number of allowed rank indicator values according to Clause 5.2.2.2.2 [6, TS 38.214], U s the
CSI-RS
value of the rank, and s 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 | 1,[log,ny, ||
Layer Indicator min( 2, §pg, v
Wide-band CQI 4

Subband differential CQI 2

Indicator of the number of non-zero
wideband amplitude coefficients M, for [1082(2L—1:‘1
layer 1

n

where "Rl 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
CSI-RS
CRI [logZ(Ks )1
SSBRI [log, | KS*8]
RSRP 7
Differential RSRP 4
CSI-RS SSB
where s is the number of CSI-RS resources in the corresponding resource set, and s is the

configured number of SS/PBCH blocks in the corresponding resource set for reporting 'ssb-Index-RSRP"'.

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

3GPP
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Table 6.3.1.1.2-6A: CRI, SSBRI, and SINR

Field Bitwidth
CSI—-RS
CRI [og, K™ ]
SSBRI flogz(KESB) ]
SINR 7
Differential SINR 4

CSI—-RS
K

s is the number of CSI-RS resources in the corresponding resource set, and K>P s the

where <

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 CSI report, pmi-Formatindicator=widebandPMI
and cqi-Formatindicator=widebandCQlI

CSl report

number CSil fields

CRI 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 OP , 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 5.2.2.2.1 in [6, TS38.214], if reported
Wideband CQI for the first TB as in Tables 6.3.1.1.2-3/4, if reported
Wideband CQI for the second TB as in Tables 6.3.1.1.2-3/4, if reported

The number of zero padding bits b in Table 6.3.1.1.2-7 is 0 for 1 CSI-RS port and OP :NmﬂX_NFEDOITed for more

than 1 CSI-RS port, where

N, = max Blr|

- " €S Rank and “Rak js the set of rank values T that are allowed to be reported;
Nreporledz BIR] , where R s the reported rank;

- For2 CSIRS ports, BT =Newl M1+ Neglr#Nyirl
- For more than 2 CSI-RS ports, B[r‘]:NPMLil [r)+ NPMLiZ [‘r‘)+NCQI[‘r‘)+NU[‘r‘) ;
- if PMI is reported, Nowil11=2 gng Newnl2/=1 : otherwise, Npyy[r/=0 ;

. - Nyl . N, =0
- ifPMI 1 isreported, PMI,i1 is obtained according to Tables 6.3.1.1.2-1/2; otherwise, PMLil
- if PMI is reported, PMLi2 is obtained according to Tables 6.3.1.1.2-1/2; otherwise, PMLi2

P N

- if CQl is reported, CQ" ' is obtained according to Tables 6.3.1.1.2-3/4; otherwise, CQI[” =0

- if LIis reported, Nylrl s obtained according to Tables 6.3.1.1.2-3/4; otherwise, Ny, irj=0
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Table 6.3.1.1.2-8: Mapping order of CSI fields of one report for CRI/RSRP or SSBRI/RSRP reporting

S ot csl fields
number
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

CSil 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 CSI report, CSI part 1, pmi-Formatindicator=
subbandPMI or cqi-Formatindicator=subbandCQI

CSl report number CSil fields

CRI 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
Cglsrlep:rrttfn Indicator of the number of non-zero wideband amplitude coefficients M, for layer 0 as in
P Table 6.3.1.1.2-5, if reported
Indicator of the number of non-zero wideband amplitude coefficients M1 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 CSl 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 CSI report, CSl part 2 wideband, pmi-
Formatindicator= subbandPMI or cqi-Formatindicator=subbandCQI

CSl report

number CSil fields

Wideband CQI for the second TB as in Tables 6.3.1.1.2-3/4/5, if present and reported
Layer Indicator as in Tables 6.3.1.1.2-3/4/5, if reported

CSl report #n
CSl part 2
wideband

PMI wideband information fields X1 , 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 5.2.2.2.1 in [6, TS38.214], if pmi-
Formatlindicator= widebandPMI and if reported
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Table 6.3.1.1.2-11: Mapping order of CSl fields of one CSI report, CSI part 2 subband, pmi-
Formatindicator= subbandPMI or 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 o> 1502, 035-,0 g

starting with Gy . The most significant bit of each field is mapped to the lowest order information bit for that field,
a
e.g. the most significant bit of the first field is mapped to !

Table 6.3.1.1.2-12: Mapping order of CSI reports to UCI bit sequence Go> ;505,035 d

two-part CSI report(s)

A-1 , without

UCI bit sequence CSl report number
a0 CSl report #1
as in Table 6.3.1.1.2-7/8
a
1 CSl report #2
a asin Table 6.3.1.1.2-7/8
0y
CSl report #n
ayq 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,
all) gl 40 G0 ) a2 g2 42 g2 e
0 TR 0T Ty gpd 0 0T T2 T3 0Ty The CSI fields of all CSI reports, in the order from

gl),a(llj,a(zl),ag”,...,a[”\

upper part to lower part in Table 6.3.1.1.2-13, are mapped to the UCI bit sequence A"-1  starting

(1
with % The most significant bit of each field is mapped to the lowest order information bit for that field, e.g. the
(1)
most significant bit of the first field is mapped to % . The CSI fields of all CSI reports, in the order from upper part
(2) (2) (2) (2) (2)
to lower part in Table 6.3.1.1.2-14, are mapped to the UCI bit sequence R B starting with

(2)

% . The most significant bit of each field is mapped to the lowest order information bit for that field, e.g. the most
(2) (2) (2) (2) (2] (2)
significant bit of the first field is mapped to % . If the length of UCI bit sequence 0 1 »%2 @3 u2

less than 3 bits, zeros shall be appended to the UCI bit sequence until its length equals 3.
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aé”,a(ll),agl),agn, e G( 1()1\

Table 6.3.1.1.2-13: Mapping order of CSI reports to UCI bit sequence TAT-1
with two-part CSI report(s)
UCI bit sequence CSl report number
CSl report #1 if CSl report #1 is not of two parts, or
a(l] CSl report #1, CSl part 1, if CSI report #1 is of two parts,
?1] as in Table 6.3.1.1.2-7/8/9
qQ CSil report #2 if CSl report #2 is not of two parts, or
(1) 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
o
a(.l‘)‘ CSil report #n if CSI report #n is not of two parts, or
A1 CSl report #n, CSl part 1, if CSl report #n is of two parts,
as in Table 6.3.1.1.2-7/8/9

where CSI report #1, CSI report #2, ..., CSIreport #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].
a? 4@ 42 42 a?
Table 6.3.1.1.2-14: Mapping order of CSI reports to UCI bit sequence ° ’~! *72 73 >0y
with two-part CSI report(s)

UCI bit sequence CSl report number

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

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

Gy
am

1 CSl report #n, CSI part 2 wideband, as in Table 6.3.1.1.2-10
a2 if CSI part 2 exists for CSI report #n

2
af“ CSl report #1, CSI part 2 subband, as in Table 6.3.1.1.2-11
. if CSI part 2 exists for CSI report #1
a‘é‘) CSl report #2, CSl part 2 subband, as in Table 6.3.1.1.2-11
At if CSI part 2 exists for CSI report #2

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

where CSI report #1, CSI report #2, ..., CSI 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 Gy 150y, A35--,0 g

is generated according to the following, where A= 0" +0+0™

- if there is HARQ-ACK for transmission on the PUCCH, the HARQ-ACK bits are mapped to the UCI bit
_~ACK

a,,d,,d,,ds,...,a =% . ACK _ .
sequence 0’ V273 N0M% g wyhere =0 for 1=0,1,...,0 1 , the HARQ-ACK bit sequence
~ACK {NACK ~ACK

)

0 1oy 0 b ) L
0 ! 0-1" g given by Clause 9.1 of [5, TS38.213], and oK is number of HARQ-ACK bits; if
ACK
there is no HARQ-ACK for transmission on the PUCCH, set 0"=0 ;
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~ SR _ACK ~ACK ACK, ASR
- if there is SR for transmission on the PUCCH, set d;=0;_nax  for i=0"",0 +1,...,0 7 +07 -1
~SR NSRS
0, {01 yees Ogs_y 0

where the SR bit sequence is given by Clause 9.2.5.1 of [5, TS 38.213]; if there is no SR

SR
for transmission on the PUCCH, set 07=0

- 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

a a L a a CSI
the UCI bit sequence ~ 0*+0™’ 0" ™+0%417"" ? T0A™ 404051 garting with ~ 0*™+0™ | where O is

the 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)
ag ),a(l),a2),a3 ’“"aA‘lLl and ag )’al ),az ,a(?’),...,aA(le

A(l ):OACK+OSR +OCSkPartt and A(z):OCSI.pmz

, according to the following, where

- if there is HARQ-ACK for transmission on the PUCCH, the HARQ-ACK bits are mapped to the UCI bit

(1) (1) (1) (1) (1) (1)_~ACK . ACK

sequence R R R R ! ,where % =0i for 1=0,1,...,077 -1 , the HARQ-ACK bit
FAcK {~ACK Bk o

sequence ' 'L R0 s given by Clause 9.1 of [5, TS38.213], and O is number of HARQ-

ACK
ACK bits; if there is no HARQ-ACK for transmission on the PUCCH, set 0=0 ;

~ SR ._ ~ACK ~ACK ACK SR
- if there is SR for transmission on the PUCCH, set @;=0; e« for =0 ,077+1...,07"+0"~1
~SR {NSR ~SR

) 0 yeery 0 (’ . . . .
0 1 0*-1" s given by Clause 9.2.5.1 of [5, TS 38.213]; if there is no SR
SR
for transmission on the PUCCH, set 07=0 ;

where the SR bit sequence

- the CSI fields of all CSI reports, in the order from upper part to lower part in Table 6.3.1.1.2-13, are mapped to

(1) (1) (1) (1)

. a ACK . ~SR a ACK . SR o a ACK SR ~CSl-partl a ACK. SR CSI—parll 3
the UCI bit sequence 0" +0™ "0%40™ 417" 7 0™y 0™ 400 0"*+0™ where O is

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

1 starting with

- 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

a2 g2l o) gd ) stamn2
the UCI bit sequence 0’71 >°2 »73 »%40 starting with %, where O is the number of
(2) (2) (2) (2) (2)
a’,a,’,a;,...,a
CSI bits in CSI part 2 of all CSI reports. If the length of UCI bit sequence ° >~ 1 *72 *73 >75A 1 g Jess

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 Gy 0y, 0y, 3550 ,where A s the payload size. The

procedure in 6.3.1.2.1 applies for A212 and the procedure in Clause 6.3.1.2.2 applies for A<1l
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 apq E=1088 ) or if AQOB, 1569:1 ; otherwise Iseg_o ,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 ProsPrisPr2o-2 Pyl ip Clause 5.2.1 are computed by setting L t0 6 bits and
€..,C.»,C c

‘ | c bl bl bl LARES] [ —1!
using the generator polynomial 9ercsP! in Glause 5.1, resulting in the sequence ~ '° " 273 riK]

where T isthe code block number and K, is the number of bits for code block number 7

if A220 e parity bits Pro:PrioPrarPrii-1) jn Clause 5.2.1 are computed by setting L to 11 bits and using

c.C..C.,,C

ro’-rir2? r3""’Cr{Kr—1]

the generator polynomial Jeren! D) in Clause 5.1, resulting in the sequence where

I is the code block number and Kr is the number of bits for code block number ¥
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6.3.1.2.2 UCI encoded by channel coding of small block lengths

If the payload size A<11l | CRC bits are not attached.

The output bit sequence is denoted by €€ Carees gy , where =4 for 1=0,L..,A-1 apg K=A
6.3.1.3 Channel coding of UCI
6.3.1.3.1 UCI encoded by Polar code

CrorCr1sCrarCrgresCri )  where

Information bits are delivered to the channel coding block. They are denoted by

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 encoded by the following:

If 18SKFSZS , the information bits are encoded via Polar coding according to Clause 5.3.1, by setting
M =10 1,20 npe=3  npe=1 i E-K#3>192 4 nmpe=0  E-K+3<192
where E is the rate matching output sequence length as given in Clause 6.3.1.4.1.
If Kr>30 , the information bits are encoded via Polar coding according to Clause 5.3.1, by setting Max =10 ,
I,=0 , Npc=0 ,and Npe=0
After encoding the bits are denoted by Gropdr1drgsrgooeosllypn -y ,where r s the number of coded bits in code
block number 7
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 o€l o€

the number of bits.

K-1  where K s

The information bits are encoded according to Clause 5.3.3.

dy,d,,dyds...,d,

After encoding the bits are denoted by "0°"1’722 73" "N-1 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 Etot is given by Table 6.3.1.4-1, where
NPUCCH, 2 NPUCCH, 3 NPUCCH, 4
symb, UCI symb,UCL  "and ~'symb,UCl  are the number of symbols carrying UCI for PUCCH formats 2/3/4
PUCCH, 2 PUCCH, 3
respectively; ' PRB and Nes are the number of PRBs that are determined by the UE for PUCCH formats
2/3 transmission respectively according to Clause 9.2 of [5, TS38.213]; and N gg CCH .2 , N gg CCH 3 , and
PUCCH, 4
N are the spreading factors for PUCCH format 2, PUCCH format 3, and PUCCH format 4, respectively.
Table 6.3.1.4-1: Total rate matching output sequence length Ey
Modulation order
PUCCH format QPSK T/2-BPSK
PUCCH format 2 16 NUCC2 . NFOCOH 2] PUCcH 2 NIA
PUCCH ,;3_ nyPUCCH 3 | a7 PUCCH 3 PUCCH 3 7y PUCCH 3 57 PUCC]
PUCCH format 3 24N gmp ucr* N prs /N g 12 Ngmp, uci* N prs IN s
PUCCH, 4 ; ,PUCCH, 4 PUCCH, 4 ; »;PUCCH, 4
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UCI encoded by Polar code

o, ...d .
273 riN-1) where T is the code block number, and

N, is the number of coded bits in code block number
Table 6.3.1.4.1-1: Rate matching output sequence length Eye
UCI(s) for
transmission on a UCI for encoding Value of EUCI
PUCCH
HARQ-ACK HARQ-ACK Ejo=E
HARQ-ACK, SR HARQ-ACK, SR Ey=E,,
CSlI —
(CSI not of two parts) csl By =E
HARQ-ACK, CSI —
(CSI not of two parts) HARQ-ACK, CSI By =E
HARQ-ACK, SR, CSI HARQ-ACK, SR, E =E
(CSlI not of two parts) | CSI UCT tot
csi CSl part 1 Eyg=min|E, [0S L)/RT/Q, 1-Q, |
CSI ft t — ar max
(CSI of two parts) CSl part 2 Eyo=E—min|E,, [0S+ L]/R™/Q 1-Q, |
HARQ-ACK, CSI R ACK CSl-partl max
HARQ-ACK, CSI part 1 Eyg=min|E,,.[[0*+0 Py L/ RE/Q 1.Q )
(CSl of two parts) CSl part 2 EUCI:Etot_min(Etot’ [[0ACK 4 oCsE part1+L)/REé)i/Qm].Qm)
HARQ-ACK, SR, . ACK , SR, ~CSI-partl X
HARQ-ACK, SR, CSI | CSl part 1 Eyq=min|E,,,,[[0"F+0%+ 0S4 | RE2/Q, |-Q,,|
(CSI of two parts) CSl part 2 Eyo=E,,—min EtOt’[[OACK OSR4+(OCSF part1+L) RISE);/Q 0o )
Rate matching is performed according to Clause 5.4.1 by setting I5u=1" and the rate matching output sequence

lengthto T = Ever

6.3.1.2.1 and the value of

ACK
- 0]

OSR

CSl-partl
0 P

CSI-part2
0 P

- if AQ"(SO, L=11; otherwise, L
OCSI—partl

A equals

parts)", and equals

6.3.1.4.1-1;;

max
- RUCI

- Etot

The output bit sequence after rate matching is denoted as

/CUCI

, where CUCI

EUCI

ACK CSl-partl
(0] o=

+0% +

is given by Table 6.3.1.4-1.

matching output sequence in code block number

for'

r

is the number of code blocks for UCI determined according to Clause

is given by Table 6.3.1.4.1-1:

is the number of bits for HARQ-ACK for transmission on the current PUCCH;
is the number of bits for SR for transmission on the current PUCCH;
is the number of bits for CSI part 1 for transmission on the current PUCCH;

is the number of bits for CSI part 2 for transmission on the current PUCCH;

is the number of CRC bits determined according to clause 6.3.1.2.1, where
for "CSI (CSI of two parts)", equals o*

CK CSl-partl
+077

for "HARQ-ACK, CSI (CSI of two
'HARQ-ACK, SR, CSI (CSI of two parts)" respectively in Table

is the configured maximum PUCCH coding rate;

frO’frl’fVZ’ ’f E -1)

where E is the length of rate
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6.3.1.4.2 UCI encoded by channel coding of small block lengths

d,dd,...d

The input bit sequence to rate matching is 0’71272 N-1

The value of Eya is determined according to Table 6.3.1.4.1-1 by setting L=0

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

The output bit sequence after rate matching is denoted as fofvfp-fe

6.3.1.5 Code block concatenation

The input bit sequence for the code block concatenation block are the sequences Froofrifrasees fr(Eﬁl) , for
r=0,...,C=1  and where E, is the number of rate matched bits for the  -th code block.

Code block concatenation is performed according to Clause 5.5.

The bits after code block concatenation are denoted by 90909293+ 96-1 , where G'=|Ever/Cuer| Cuar with

the values of Eye and Cyar given in Clause 6.3.1.4.1. Let G be the total number of coded bits for

transmission and G=G +m0d(EUCI’CUC1) . Set gi:O 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) gl glv gl g(l) g(l) g(l) g(l) g(l)
0 0% o820 Ty s denoted by 70 91 092 093 0 I6y and the coded bits corresponding to UCI bit
(2) (2) (2) (2) (2) (2) (2) (2) (2) (2)
sequence 10 09 % B3 e Genoted by 90 91592593 >+-9521_1 The coded bit sequence

90919293 ++ 961 , where G=G""+G" , is generated according to the following.

Table 6.3.1.6-1: PUCCH DMRS and UCI symbols

Number of
1%t UCI symbol 2" UCI symbol 3" UCI symbol
PUCCH PUCCH DMRS UCI symbol indicesyset indicesyset indicesyset
duration A indices sets
symbol indices (1) (2) (3)

(symbols) Ni?([: 1 Suer Suer Sua

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} -

(i)

Denote S as UCI OFDM symbol index. Denote UCT  as the number of elements in UCI symbol indices set
S(i) =1 N S(l) N

v for TheeofNua ucl  and Muc

, where are given by Table 6.3.1.6-1 according to the PUCCH
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set
NUCl

PUCCH, _ (i)
Nsymb, ucr— Z Nye
i=1

duration and the PUCCH DMRS configuration. Denote as the number of OFDM symbols

carrying UCI in the PUCCH. Denote Qm as the modulation order of the PUCCH.

bol PUCCH,3 ; A;PUCCH, 3 PUCCH,3
For PUCCH format 3, set N ijyénl “=12"N PRB IN SF , where Negg 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],and N ggcc}w
is the spreading factor for PUCCH format 3 [4, TS 38.211].
Nsymbol =12/ NPUCCH, 4 NPUCCH, 4
For PUCCH format 4, set uct SF , where ~'SF is the spreading factor for PUCCH format 4.

'N;yéI}bOI‘QmZG(l)

I
2 N,

i=1

Find the smallest J >0 such that

Set n1:0 ;
Set n2:0 ;
-1 )
NEar' =6 - X NE}A)-N%&"“-Qm)/(Nifél-om)
Set i=1 :
-1 ‘
M=mod G‘“—(Z N&}él)-N;ya‘”-Qm)/Qm,Nifél
Set =1 ;
PUCCH,
for =0 o Nsymb,UCI_l
j-1 .
i)
SSEGS
i I=.2 2uct
symbol
for k=0 o Ny -1

for V=0 o @1

- _ (1)

gl,k,v_gn1

n=n+1 ’
end for

end for

()
elseif S €Suar

if M>0
y=1;
else

y=0

>

end if
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M=M-1

bl

for k=0 o N

for V=0 o
- _ (1
9,k,v=9n,
n=n+1

end for

end for

for
for V=0 o
- _ (2
gl,k,v_gn2
n,=n,+1

end for

end for

else

__ xysymbol
k=Nge +y

67

symbol
va ty-1

Q-1

>

>

symbol
to Ny -1

Q,-1

bl

b

symbol
for k=0 ¢o Ny -1

for V=0 o
- _ (2
gl,k,v_gn2
n,=n,+1
end for
end for
end if
end for
Set n=0

PUCCH,
N

for =0 ¢o symb, UCI ™~

Q-1

>

>

1

Nsymbol -1

for k=0 o UcI

for v=0 o Q71

=9k .
n=n+l1
end for

3GPP
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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

a,,a,,d,,d,,...,d,

If HARQ-ACK bits are transmitted on a PUSCH, the UCI bit sequence -1 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 (10—0 s a4 =0 , and
A=2

~ACK _ ~ACK
- if there is only one HARQ-ACK bit ) given by Clause 9.1 of [5, TS 38.213], set o= 0y ,
a,=0 ,and A=2

)

. a.=
- otherwise, set 1
~ACK {~ACK ~ACK
)

0 o0 e b
sequence 0 ! 01" s given by Clause 9.1 of [5, TS 38.213].

~ACK . ACK ACK
0; for 1=0,1,...,07 -1 g A=0 , where the HARQ-ACK bit

6.3.2.1.2 Csl

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

The bitwidth for R/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’ N2]

(01’02' L N M M

PSK s 2 and K? are given by Clause 5.2.2.2.3 in [6, TS 38.214].

1

Table 6.3.2.1.2-1: PMI of codebookType= typell

X
. . 5 .
Information fields X1 for wideband PMI Information fields for wideband PMI or per
subband PMI
i o | lgg | lgr | Tsp | e L1 12 b b
Rank=1
SBAmp [log,(0,0,| uogz‘NlLM) Mlog,2L| 32L-] N/A | N/A | [M,~1]log,Npg N/A N/A N/A
off
Rank=2 ‘
SBAmD [log,(0, 0, HogzN]LNZ) [log,(2L| 3[2L-] [log,l2L|| 3(2L-| [M;=1|log,N (M,=1]-log, N sy N/A N/A
off
Rank=1 . min(M,,K'?]-1og, N pex
lo! OO‘ 1 ! 2) lo ‘IZL‘ 3\2L_ —log, Npgy mi“(Mlezw’*
SBézmp [log,(0, 0, [ogz‘ . [log, ‘ N/A | N/A ot ] N/A ‘ N/A
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Rank=2 NN rninf‘M1,1’<[Z"‘]-l‘)gZNPSK rnin(Mz,K[Z)]-logzNPs
[log,(0,0,|| Mlog,| ™ 2) [log,2L| 31201 [log,[2Ll| 3(2L—| -log,Npe —log, Ny min(M,,K?)~{ min(M,, K|
SB(ﬁlrnp 11 ’ ’ +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

(Nl,NZ) , (Opoz) ., L, K, N3 ,and {Ml}l:1

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,
il,l i1,2 i1,8,1 i1,8,2 i1,8,3 i1,8,4
Rank=1 [log,(0,0 . N, N [Nog, K™ | N/A N/A N/A
0
N,<19 B2
ST | o (0,0 | N.N] T2l Mog@LT| W& | &
0
N,<19 B2
Rank=3 [log,(0,0 [log N,N, [log,(2L)| [log,(2L)]| [log,(2L) N/A
N,<19 | L
Rank=4 [log,(0,0 [og N,N, [log,(2L)| [log,(2L)1| [log,(2L)| [log,(2L)
N,<19 | L
Rank=1 [10g2(010 [1 N1N2 flogzKNZ ] N/A N/A N/A
0
N,>19 &2
Rank=2 [1og,(0,0 Il N,N/ [log,(2L)| [log,(2L)] N/A N/A
0
N,>19 B2
Rank=3 [log,(0,0 [log N,N, [log,(2L)| [log,(2L)]| [log,(2L) NA
N,>19 L
Rank=4 [log,(0,0 [og N,N, [log,(2L)| [log,(2L)1| [log,(2L)| [log,(2L)
N,>19 AL
Information fields X P
Ij Iy Iy I i1,5 i1,6,1 i1,6,2 i1,6,3 i1,6,4 “2,4,1 “2,5,1 [i1,7,1
Ra;lk: 4 N/A i/ i/ N/A [log P N/A N/A N/A 3 (K] 4 (KP 2 L ]\/
2
N, B
Rank= 4 4 N/ N/ N/A N/A N/A 1 N 4 L l\/
> A |a [og, h\ [og, ) 3(K| 4(K
N, N 1
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Rank= 4 4 4 N/ N/A N/A 1 N 6 L ]V
’ A [log, i [log, ; [log, ]]; 3(K| 4(K
N,
Rank= | 4 4 4 4 N/A ] N 8L M
) [log, i [log, 1 [log, i [log, ) 3(K] 4(K
N N 1 N N
3
Ral;k: 4 N/A i/ g/ [10g2 [log 2 N/A N/A N/A 3(KI 4 (KP 2L ]\/
2
N, 1
Ralzik: 4 4 i/ 2/ [10g2 [log 2 flog 2 N/A N/A 3(KI 4 (KP 4L ]\/
2 2
N, 1
Rank= 4 4 4 N/ 10 N/A 1 N 6L1\/
3 A | [logj Nog.|2 Tog|d Tlog,|? 3(K| 4(K
N3 4 4
Rank= | 4 4 4 4 lo 1 N 8LM
: 81 g NogT Tog,|? T3 K| 4K
N3 4 4 4

Note: the bitwidth for “1,7,1 Vet o {i2’4’,}1:1 """ , and {iz,s,l Ji=1__, showninTable 6.3.2.1.2-1A
is the total bitwidth of  {i 17, g, {i2’4) ,J and i 25, ;] uptoRank= v ,respectively, and the
corresponding per layer bitwidths are 2L M, , 3 (KINZ— 1) , and 4 (K,NZ — 1) ,(i.e., 1, 3, and

(3) g2

4 bits for each respective indicator elements  k;7 , k;;; ,and Cp; ,respectively), where

KfVZ as defined in Clause 5.2.2.2.5in [6, TS 38.214] is the number of nonzero coefficients for layer

L

NZ _ NZ

| suchthat K —ZK,
I=1

The bitwidth for PMI of codebookType= typell-PortSelection is provided in Tables 6.3.2.1.2-2, where the values of

P 12]
CSI-RS | d , L Nosk , M, , 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

X
X Information fields 2 for wideband PMI or per
. . 1 :
Information fields for wideband PMI subband PMI
i, TR b1 1) b b2
Rank=1 p
CSI-RS 7] ‘ | (M,-1)
spamp| 108 =07 Tl Moe2LI| 3201/ | N/A | NIA- | [M,=1}log, N N/A N/A N/A
off
Rank=2 p
sBamp| 108077 Nom2L1| 320-11 | Tlog,2L1| 320-1| [M-1[log N | (Mo=1flogNo | N/A | NIA
off
Rank=1 P mi"‘le,K‘Z]]'lngNPsK
CSI-RS ] ‘ ~lo min (M, K'? |-
sBAmp| 108, ¥ NI Mog,l2L]l| 302L-1 | N/A | NA +;.8&Nfsfmnw | N/A M, K7 N/A
On 1 \ 1’ /
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Rank=2 p rninf‘Ml,I<[Z"‘]-l‘)gZNPSK min(Mz,K‘Z):)-logzNPS
loo. [—SLBS | Tlog, [2L]]| 3(2L-1] | [log,2L)]| 3[2L-1|| ~logNes ~log, Npgy min(M,, K?)=1 min|M,,K?|-1
SBAmp | gz{ 2d I : ’ +2:(M,~min(M,K?|||  +2:(M,~min[M,,K"?]
on ‘

The bitwidth for PMI of codebookType=typell-PortSelection-r16 is provided in Tables 6.3.2.1.2-2A, where the values

of P

d

L

KNZ > NS !and {Ml

are given by Clause 5.2.2.2.6 in [6, TS 38.214].

CSI-RS > ) I=1,...,0
Table 6.3.2.1.2-2A: PMI of codebookType= typell-PortSelection-r16
Information fields X,
I, l1g1 I1g2 l183 l1g4
Rank=1 P NZ N/A N/A N/A
[og, [ csi-r{  [log, K™ ]
N,<19 2d
Rank=2 Po_gd IIOgZ(ZL)] [logz(ZL)I N/A N/A
[log,[
N,<19 2d
Rank=3 P o g “082(2[')] [1082(2L)] “082(2L)] N/A
[log,[
N,<19 2d
Rank=4 [ log /'PCSIfRM “082(2[')] “082(2L)] “082(2L)] [lng(ZL)]
N,<19 ' 2d
Rank=1 P R lo KNZ N/A N/A N/A
[1082[ csi-r{ [ g |
N,>19 2d
Rank=2 Pesir{ [log,(2L)] [log,(2L)] N/A N/A
[log,[
N,>19 2d
Rank=3 P g IIOgZ(ZL)] [logz(ZL)I [10g2(2L)] N/A
[log,[
N,>19 2d
Rank=4 [og I—PCSI—RK IIOgZ(ZL)] IIOgZ(ZL)] [10g2(2L)] [10g2(2L)]
N,>19 0 2d
Information fields X 2
Iy Iy I I I I)61 I162 l163 l164 “2,4,1 {iZ,S,I “1,7,1
Rank= 4 N/ N/A N/ N/A N/A N/A N/A N 1 2 L N
1 A A /'log2 D 3(K 4(K
N, L
Rank= 4 4 N/A N/ N/A N/A N/A N 1 4 L ]\/
2 A [og, h\ [log, I\ 3(K) 4(K
N, N !
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Rank= 4 4 4 N/ N/A N/A N 1
h\ ] 3(K| 4(K| 6LM
’ * [og,| | [log,| | [log,|, ( (
N3
Rank= 4 4 4 4 N/A N 1
N i N 3(K] 4(K| 8LM
) [log, [log, i [log, 3 [log, il ( (
N3
Rank= 4 N/ N/A N/ 1 0 N/A N/A N/A N 1 2 L Z\/
; A A | [log [og, 3(K| 4(K
NS
Rank= 4 4 N/A N/ l 0 N/A N/A N 1 4 L ]\/
> A | [log Mog,|2 log, 2 3(KY| 4(K
N, 1
Rank= | 4 4 2 N/ lo N/A N 1 6LM
N, 1
Rank= | 4 | 4 | 4 3 [log 2 b ol 3(K) 4(K| 8LM
) [log,|"| [log,|"| [log,| [log, ( (
N3 1 1
Note: the bitwidth for (i, }=y , » llpaili=1..o and {iys, )=y, shown inTable 6.3.2.1.2-2A

is the total bitwidth of  {i 17, g, {i2’4) ,J and i 25, ;] uptoRank= v ,respectively, and the
corresponding per layer bitwidths are 2L M, , 3 ( K INZ— 1) ,and 4 ( K INZ — 1) , (i.e., 1,3, and
(3) (2)

4 bits for each respective indicator elements  k;7 , k;;; ,and Cp; ,respectively), where

KfVZ as defined in Clause 5.2.2.2.5in [6, TS 38.214] is the number of nonzero coefficients for layer

L

NZ _ NZ

| suchthat K —ZK,
I=1

(P (1 (1) (1) (1)

For CSI on PUSCH, two UCI bit sequences are generated, R R A R R (LIS R
(2) (2) (2) (2) (2)
o> 035400 The CSI fields of all CSI reports, in the order from upper part to lower part in Table

W W 0
6.3.2.1.2-6, are mapped to the UCI bit sequence ° R I starting with % . The CSI fields of all

CSl 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
a2 g2 g2 42 ) (2)
0T B2 2R3 o BARy starting with 90

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

CRI as in Tables 6.3.1.1.2-3/4/6, if reported
Rank Indicator as in Tables 6.3.1.1.2-3/4/5 or 6.3.2.1.2-8, if reported
Wideband CQI for the first TB as in Tables 6.3.1.1.2-3/4/5 or 6.3.2.1.2-8, if reported
Subband differential CQI for the first TB with increasing order of subband number as in Tables
6.3.1.1.2-3/4/5 or 6.3.2.1.2-8, if reported
Indicator of the number of non-zero wideband amplitude coefficients M0 for layer 0 as in
Table 6.3.1.1.2-5, if reported
Indicator of the number of non-zero wideband amplitude coefficients M1 for layer 1 as in

Table 6.3.1.1.2-5 (if the rank according to the reported RI 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 KNZ asin

Table 6.3.2.1.2-8, if reported
Note: Subbands for given CSI report n indicated by the higher layer parameter csi-ReportingBand are numbered
continuously in the increasing order with the lowest subband of csi-ReportingBand as subband 0.

CSl report #n
CSlpart1

Table 6.3.2.1.2-4: Mapping order of CSI 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
CSl part 2 6.3.2.1.2-1/2, if reported
wideband X
PMI wideband information fields 2 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 CSI report, CSl part 2 subband

Subband differential CQI for the second TB of all even subbands with increasing order of
subband number, as in Tables 6.3.1.1.2-3/4/5, if 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 6.3.2.1.2-1/2, or codebook index for 2
antenna ports according to Clause 5.2.2.2.1 in [6, TS38.214] of all even subbands with increasing

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

PMI subband information fields 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
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.
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Table 6.3.2.1.2-5A: Mapping order of CSl fields of one CSI report, CSl part 2 of codebookType=typell-

r16 or typell-PortSelection-r16

CSl report
number

CSil fields

CSl report #n
CSl part 2, group
0

PMIfields 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 Xz , from left to right, as in Tables 6.3.2.1.2-1A/2A:
NZ
{im’,:l:l,...,v] N {iI’G’,:l:l,...,u} and ([

]—U) x3  highest
priority bits of
{iu,,:l=1,...,l)},([KNZ/2 ]—l)) x 4 highest priority bits of
{12,5,11121,---,0} and v*2LMU—[KNZ/2j highest priority bits of

{iw’, :1=1,..., U} , 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

The following PMI fields X, , from left to right, as in Tables 6.3.2.1.2-1A/2A

[ K" /2 [x3 lowest priority bits of {im,,:l:l,...,u},[KNZIZJ X4  lowest

priority bits of {1‘2,5,1 =1,... ,U} and [ K™ /2| lowest priority bits of

2
{11’7’, :1=1,..., U} , in decreasing order of priority based on function Pri(l o, f)
defined in clause 5.2.3 of TS38.214, if reported
a(l) a(l) 0(1) am 4V
Table 6.3.2.1.2-6: Mapping order of CSI reports to UCI bit sequence 0 *°1 >72 73 28l
with two-part CSI report(s)
UCI bit sequence CSl report number
(1) CSl part 1 of CSl report #1 as in Table 6.3.2.1.2-3 or Table
o \ 6.3.1.1.2-8 or Table 6.3.1.1.2-8A
(1)
q CSl part 1 of CSl report #2 as in Table 6.3.2.1.2-3 or Table
0(2“ 6.3.1.1.2-8 or Table 6.3.1.1.2-8A
0(311
aﬂ.lfﬁ CSl part 1 of CSl report #n as in Table 6.3.2.1.2-3 or Table
Al-1 6.3.1.1.2-8 or Table 6.3.1.1.2-8A

where CSI report #1, CSI report #2, ..., CSI 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].

3GPP



Release 16 75 3GPP TS 38.212 V16.4.0 (2020-12)

(2) (2) (2) (2) (2)
Table 6.3.2.1.2-7: Mapping order of CSI reports to UCI bit sequence dy >0y 50y 03 5..,a ), ’

with two-part CSI report(s)

UCI bit sequence CSl report number

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

ay

0[121 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 CSl part 2 exists for CSl report #n

a(2] CSl report #1, CSI part 2 subband, as in Table 6.3.2.1.2-5,
3 or CSI part 2 with group 1 and 2, as in Table 6.3.2.1.2-5A,
f if CSl part 2 exists for CSI report #1

a‘{’z‘ CSl report #2, CSI part 2 subband, as in Table 6.3.2.1.2-5,
ATl or CSlI part 2 with group 1 and 2, as in Table 6.3.2.1.2-5A,

if CSl part 2 exists for CSI report #2

CSl report #n, CSI 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, ..., CSI 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,n, )
Wide-band CQI 4

Subband differential CQI

2
[log,(K,)] if max

Indicator of the total number of non-zero coefficients allowed rank is 1;
summed across all layers K4 [log,(2K,)]
otherwise

where Ny, is the number of allowed rank indicator values according to Clauses 5.2.2.2.5 and 5.2.2.2.6 [6, TS

N
38.214], K0=[2L[plx?3]ﬁ] ,where p; , Ny , R ,and [ aregivenby Clause 5.2.2.2.5 and

5.2.2.2.61in [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,,d,,d,,d;,...,d, _; is determined as
follows:
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- set ;= BicchCI for j=0,1,..., O YI_1 and A=0%"Y | where the CG-UCI bit sequence
0 OCGf vel ,0 fGi ve yeens (N)ggcfg,c_[l is given by Table 6.3.2.1.3-1, mapped in the order from upper part to
lower part.
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
[ log2 C ] if both higher layer parameter ul-toDL-COT-
SharingED-Threshold and higher layer parameter cg-COT-
SharingList are configured, where C is the number of combinations
configured in cg-COT-SharingList;
1 if higher layer parameter ul-toDL-COT-SharingED-Threshold is
) ) not configured and higher layer parameter cg-COT-SharingOffset is
Channel Occupancy Time (COT) sharing configured;
information
0 otherwise;
If a UE indicates COT sharing other than "no sharing" in a CG
PUSCH within the UE's initiated COT, the UE should provide
consistent COT sharing information in all the subsequent CG
PUSCHys, if any, occurring within the same UE's initiated COT such
that the same DL starting point and duration are maintained.

6.3.2.1.4 HARQ-ACK and CG-UCI

When higher layer parameter cg-UCI-Multiplexing is configured, the UCI bit sequence d,,d,,d,,0d3,...,d,_; is
determined as follows, where A =0 V4K

- The CG-UCI bits are mapped to the UCI bit sequence d;,d;,d,,d;s,...,d5cva_; , where @g,= ?)iCG_UCI
for j=0,1,...,0°°7Y“—1 .The CG-UCI bit sequence 50CG_ et 5fG_ ver L, 582;3,{11 is given by
Table 6.3.2.1.3-1 mapped in the order from upper part to lower part, and 07U is number of CG-UCI

bits;

- The HARQ-ACK bits are mapped to the UCI bit sequence  dyco-var ;A co-ver, 15+« Apeevar, gack_y , where

a,, oeo-va= (N)I-ACK for j=0,1,..., OACK —1 .The HARQ-ACK bit sequence
0,07 ,...,00%_, is given by Clause 9.1 of [5, TS38.213], and Q" is number of HARQ-ACK
bits.
6.3.2.2 Code block segmentation and CRC attachment

Denote the bits of the payload by Go> Ay, Gy, 3-8 5 ,where A isthe payload size. The procedure in 6.3.2.2.1

applies for A212  apd 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.

3GPP



Release 16 77 3GPP TS 38.212 V16.4.0 (2020-12)

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

C0sC15Cy,C c

Information bits are delivered to the channel coding block. They are denoted by 26 0%-1  where K s

the number of bits.

The information bits are encoded according to Clause 5.3.3.

After encoding the bits are denoted by dO’dl’dZ’d3""’dN -1, where N is the number of coded bits.
6.3.2.4 Rate matching
6.3.2.4.1 UCI encoded by Polar code

6.3.2.4.1.1HARQ-ACK
For HARQ-ACK transmission on PUSCH not using repetition type B with UL-SCH, the number of coded modulation

symbols per layer for HARQ-ACK transmission, denoted as QACK , is determined as follows:

NPUSCH _ 4
symb,all
PUSCH UCI
(OACK+LACK).Boffset ) ;} Msc {l) nylrjfbc,gl_l
! . = UCI| 1)
=min a- Z Ml
Qe =min|| L 2 M
K,
r=0

where

- OACK is the number of HARQ-ACK bits;

if Oncx @’60 , Ly =11
Clause 6.3.1.2.1;

; otherwise Lyex is the number of CRC bits for HARQ-ACK determined according to

PUSCH _ HHARQ- ACK
- B offset :B offset

C

- UL-SCH  is the number of code blocks for UL-SCH of the PUSCH transmission;
- if the DCI format scheduling the PUSCH transmission includes a CBGT!I field indicating that the UE shall not

transmit the T -th code block, Kf =0; otherwise, Kr isthe T -th code block size for UL-SCH of the
PUSCH transmission;

PUSCH
- MSC is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;

MPTRS (]
- s ( ) is the number of subcarriers in OFDM symbol | that carries PTRS, in the PUSCH transmission;

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

1=0.1.2 . NPUSCH _4 PUSCH
T S Hsymball , in the PUSCH transmission and ~ symball  is the total number of OFDM symbols of

the PUSCH, including all OFDM symbols used for DMRS;
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. MY (1) =0
- for any OFDM symbol that carries DMRS of the PUSCH, — ** ;

UCI _ PUSCH __ PT-RS
- for any OFDM symbol that does not carry DMRS of the PUSCH, M (1) =M, M) ;

- @ js configured by higher layer parameter scaling;

-k 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 an actual repetition of a PUSCH with repetition Type B with UL-SCH, the number of
coded modulation symbols per layer for HARQ-ACK transmission, denoted as  (Q 5  is determined as follows:

PUSCH 1
symb,nominal

PUSCH ucl (
( OACK+ LACK) ) Boffset ) Z Msc,nominal ( l) Nf;ﬁf,flmm. -1 N:}:ﬂi{m_ 1
. 1=0 . ucl ucl
QACK =min [ Corsen—1 ]’ [ o z Msc,nominal “) ]’ Z Msc,actual(l)
1=0 1=0
Kr
r=0
where
ucl : o .
- M, nominal( [) is the number of resource elements that can be used for transmission of UCI in OFDM symbol
PUSCH : I . . -
[ for 1=0,1,2, -, N gmbnominas—1 inthe PUSCH transmission assuming a nominal repetition
PUSCH

without segmentation, and Ny oming 1S the total number of OFDM symbols in a nominal repetition of the
PUSCH, including all OFDM symbols used for DMRS;

- for any OFDM symbol that carries DMRS of the PUSCH assuming a nominal repetition without

. ucl
segmentation, M Scynommal(l =0 ;

- for any OFDM symbol that does not carry DMRS of the PUSCH assuming a nominal repetition without
segmentation, M iclfominal =M, iUSCH -M ECT ;ﬁfmnal 1] where M ECT ;f)iﬂnal I | is the number of
subcarriers in OFDM symbol [ that carries PTRS, in the PUSCH transmission assuming a nominal
repetition without segmentation;

- M icalctual 1] is the number of resource elements that can be used for transmission of UCI in OFDM symbol

| ,for [=0,1,2,---,N E;Jr:tf M —1 ,inthe actual repetition of the PUSCH transmission, and
N fylilsb(fimal is the total number of OFDM symbols in the actual repetition of the PUSCH transmission,
including all OFDM symbols used for DMRS;

- for any OFDM symbol that carries DMRS of the actual repetition of the PUSCH transmission,
Mgcilctual(l)zo ;

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

et PUSCH _  rPT-RS PT-RS . o
Mg lI= Mo = M 1] where M sc.actual 1] is the number of subcarriers in OFDM

symbol | that carries PTRS, in the actual repetition of the PUSCH transmission;

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

For HARQ-ACK transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for

HARQ-ACK transmission, denoted as QACK , is determined as follows:
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. ACK + LACK) oizthH N%l ucCl
Q&Zmll’l R@ 0 Msc (l)
m

1=,

where

- OACK is the number of HARQ-ACK bits;

i Opcx €860 ) Ly =11
Clause 6.3.1.2.1;;

; otherwise Lyex is the number of CRC bits for HARQ-ACK defined according to

PUSCH __ pHARQ-ACK
_ offset  — [Moffset
MPUSCH
- sC is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
PT-RS
MSC ( l )

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

o 1)

- is the number of resource elements that can be used for transmission of UCI in OFDM symbol l , for
12012 NPUSCH _4 yPusc
T DS Hsymball , in the PUSCH transmission and ~ symball s the total number of OFDM symbols of
the PUSCH, including all OFDM symbols used for DMRS;

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

M (1) = M2 M)

b}

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

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

- Qm is the modulation order of the PUSCH;

- O configured by higher layer parameter scaling.

d,d.,d

ri>>r2’

d,, yeeerd
The input bit sequence to rate matching is " r3 r(N,-1)

N

where 7 is the code block number, and
r  is the number of coded bits in code block number ©

Rate matching is performed according to Clause 5.4.1 by setting [y =1

length to E.= EUCI/CUCIJ , where

C

- UCl  is the number of code blocks for UCI determined according to Clause 5.2.1;

and the rate matching output sequence

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

Qm is the modulation order of the PUSCH;
Ey =N Q'yex Qp

frO’frl’frZ""’fr(Er—l)

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

matching output sequence in code block number T
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6.3.2.4.1.2CSI part 1
For CSI part 1 transmission on PUSCH not using repetition type B with UL-SCH, the number of coded modulation

symbols per layer for CSI part 1 transmission, denoted as QCSI'Partl , is determined as follows:

PUSCH 1
N gymbal

PUSCH UCI
(065171+LC5171) offset Z M, NG a1
v . ) ucr (11~
Qcsr_=min{ [ Coron 1 ],[(X Z M, 1] Q scxic-ver
& 1=0
Kr
r=0

where

Ocsi is the number of bits for CSI part 1;

if Ocst @60 s Lo, =11 ; otherwise Lesi is the number of CRC bits for CSI part 1 determined according to
Clause 6.3.1.2.1;

PUSCH __ ,CSI-part1
ﬁ offset B offset

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

- if the DCI format scheduling the PUSCH transmission includes a CBGT!I field indicating that the UE shall not

transmit the 7 -th code block, Kf =0; otherwise, Kr isthe T -th code block size for UL-SCH of the
PUSCH transmission;

PUSCH
- MSC is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
MIS (1) - | | | -
- ¢ is the number of subcarriers in OFDM symbol that carries PTRS, in the PUSCH transmission;

Q ACKICG—UCT= =Q, ack 1f HARQ-ACK is present for transmission on the same PUSCH with UL-SCH and

without CG-UCI, where Q’ACK 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

NPUSCH =
symbgll
' ACK
QACK_ Msc rvd(l)
than 2, and 1=0 if the number of HARQ-ACK information bits is no more than 2 bits,
7 ACK
sc, rvd ( )

is the number of reserved resource elements for potential HARQ-ACK transmission in

PUSCH
l=0, 1,2, ey Nsymb,all_l

where

OFDM symbol l , for , in the PUSCH transmission, defined in Clause 6.2.7; or

- Qackico-va=Qack if both HARQ-ACK and CG-UCI are present on the same PUSCH with UL-SCH,

where Q;\CK is 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

Qcxico-ver=Qcc_uer  if CG-UCT s present on the same PUSCH with UL-SCH and without HARQ-

ACK, where Q'CG_UCI is 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;
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e )

1:0’ 1,2, - NPUSCH 1 NPUSCH

symball ~  in the PUSCH transmission and ~ symball s the total number of OFDM symbols of

the PUSCH, including all OFDM symbols used for DMRS;

MUCI ( l) — 0
- for any OFDM symbol that carries DMRS of the PUSCH, ¢

UCI _ PUSCH __ PT-RS
- for any OFDM symbol that does not carry DMRS of the PUSCH, M. (1) =M, M, (l) ;

o s configured by higher layer parameter scaling.

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

PUSCH ucl
(OCSI—l + LCSI—l) ) Boffset ) Z Msc,nominal ( l) Nf;i?;f;‘,..,i,mr
o 1=0 ucl :
Qs =min| [ Coron1 I.[a- M ¢ nominal 11T =Q ackrco—vers
1=0
Kr
r=0

where

PUSCH
symb,nominal

-1

UCI

M sc,nornjnal(l] is the number of resource elements that can be used for transmission of UCI in OFDM symbol

PUSCH , i . . .
[ ,for 1=0,1,2,---,Nmbnomna—1 in the PUSCH transmission assuming a nominal repetition

without segmentation, and [N fyurfbcimma] is the total number of OFDM symbols in a nominal repetition of the

PUSCH, including all OFDM symbols used for DMRS;

- for any OFDM symbol that carries DMRS of the PUSCH assuming a nominal repetition without
) ucl (1) —
segmentation, M o ool =0 ;

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

. UCI PUSCH PT-RS PT-RS .
Segmentatlon’ Msc,nominal ( l ) = Msc - Msc,nominal (” where Msc,nominal ( l) is the number of

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

M2 ( | ) is the number of resource elements that can be used for transmission of UCI in OFDM symbol

sc,actual
[ ,for 1=0,1,2,---,N fylijslf " a—1 ,inthe actual repetition of the PUSCH transmission, and
N EyUmsb(ﬁma] is the total number of OFDM symbols in the actual repetition of the PUSCH transmission,

including all OFDM symbols used for DMRS;

- for any OFDM symbol that carries DMRS of the actual repetition of the PUSCH transmission,
Mgocwa 1I=0

sc,actual

- for any OFDM symbol that does not carry DMRS of the actual repetition of the PUSCH transmission,
M (I)Z MPUSCH_ pfPTRS | 1] where M PTRS (1] is the number of subcarriers in OFDM

sc,actual sC sc,actual sc,actual

symbol | that carries PTRS, in the actual repetition of the PUSCH transmission;

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

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 QCSI‘PElrtl , is determined as follows:

3GPP
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is the number of resource elements that can be used for transmission of UCI in OFDM symbol l , for

PUSCH

symb,actual

1=0

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

PUSCH PUSCH _y

L symbgll
le — min st + csm) offset 0 Mslga ( l) _ Q@
RQ, =0

else
NIl
_ ucl
Q(Ql_ Msc (l)_QAg(
1=0
end if
where

CSHL js the number of bits for CSI part 1;

if Ocsi @3’60 , Leg, =11
Clause 6.3.1.2.1;

; otherwise Lesi is the number of CRC bits for CSI part 1 determined according to

BPUSCH — BCSI-partl

_ offset offset
MPUSCH
- sC is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
M SPCT—RS ( | )

- is the number of subcarriers in OFDM symbol [ that carries PTRS, in the PUSCH transmission;

I
- Q ACK s the number of coded modulation symbols per layer for HARQ-ACK transmitted on the PUSCH if

Nl -1
' _ 1 ACK
Q ACK — é Msc,rvd(l)
number of HARQ-ACK information bits is more than 2, and 1=0 if the number of
7 ACK
HARQ-ACK information bits is no more than 2 bits, where = ™ ( ) is the number of reserved resource
_ PUSCH _
elements for potential HARQ-ACK transmission in OFDM symbol | , for [=0,12,....N symb,all 1 , in the
PUSCH transmission, defined in Clause 6.2.7;
UCI( )
- sc is the number of resource elements that can be used for transmission of UCI in OFDM symbol | | for
1=0.1.0. . NPUSCH _4 [yPUSCH
T DS Hsymball , in the PUSCH transmission and ~ symball s the total number of OFDM symbols of

the PUSCH, including all OFDM symbols used for DMRS;

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

UcCI _ PUSCH __ PT-RS
- for any OFDM symbol that does not carry DMRS of the PUSCH, M) =M, M) ;

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

- Qm is the modulation order of the PUSCH.

d d.d.,d.,,..d
The input bit sequence to rate matching is ' "V 2 3N where T s the code block number, and

N, is the number of coded bits in code block number T
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=1

Rate matching is perforrned according to Clause 5.4.1 by setting Ty and the rate matching output sequence

E = /IC

length to = Eva/Cuar , where

- Cuar is the number of code blocks for UCI determined according to Clause 5.2.1;

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

Qm is the modulation order of the PUSCH;
Ey=N;Q'ee1Q,
frO’frl’frZ’ ’f (E-1)

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

matching output sequence in code block number 7

6.3.2.4.1.3CSI part 2
For CSI part 2 transmission on PUSCH not using repetition type B with UL-SCH, the number of coded modulation

symbols per layer for CSI part 2 transmission, denoted as QCSI'PE‘Tt2 , is determined as follows:

PUSCH

Noyb, an—1
PUSCH UCI
(OCSI ot Leg —2) offset Z M, N —1
QCSI ,=min| [ C

v-scn 1 ]’ [a ) Iz MISJCCI (l) ]_Q:‘\CK/CG—UCI_Q’CSI—I
=0

r=0

where

Ocsiz is the number of bits for CSI part 2;

if Ocstz @60 , Leso = 11; otherwise Lesi is the number of CRC bits for CSI part 2 determined according to
Clause 6.3.1.2.1;

PUSCH __ [,CSI-part2
- B offset B offset

- CUL—SCH is the number of code blocks for UL-SCH of the PUSCH transmission;

- if the DCI format scheduling the PUSCH transmission includes a CBGT!I field indicating that the UE shall not

transmit the T -th code block, Kf =0; otherwise, KT isthe T -th code block size for UL-SCH of the
PUSCH transmission;

PUSCH
- MSC is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
MPS (1) - | . . .
- is the number of subcarriers in OFDM symbol that carries PTRS, in the PUSCH transmission;

Q;\CK IcG—ucl = Q;‘CK if HARQ-ACK is present for transmission on the same PUSCH with UL-SCH and

without CG-UCI, where QACK 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

! :0
than 2, and Q ACK if the number of HARQ-ACK information bits is 1 or 2 bits; or
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- Q;\CK e Q;\CK if both HARQ-ACK and CG-UCI are present on the same PUSCH with UL-SCH,

where Q'ACK is 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

- Q;\CK 1CG-UCT = Q'CG—UCI if CG-UCI is present on the same PUSCH with UL-SCH and without HARQ-

ACK, where Q'CG_UCI is 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'csia is the number of coded modulation symbols per layer for CSI part 1 transmitted on the PUSCH;
MY (1) o . |
- s is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for
12012 NPUSCH _4 yPuscH
» & Hsymball , in the PUSCH transmission and ~ symball  is the total number of OFDM symbols of
the PUSCH, including all OFDM symbols used for DMRS;

MUCI ( l) — 0
- for any OFDM symbol that carries DMRS of the PUSCH, ¢ ;

UCI _ PUSCH __ PT-RS
- for any OFDM symbol that does not carry DMRS of the PUSCH, M (1) =M, M (l) .

- O configured by higher layer parameter scaling.

For CSI part 2 transmission on an actual repetition of a PUSCH with repetition Type B with UL-SCH, the number of
coded modulation symbols per layer for CSI part 2 transmission, denoted as Q&SI_pan , is determined as follows:

PUSCH
N gymbnominal — 1
PUSCH uct
(OCSI—Z + LCSI—2) ) Boffset ) Z Msc,nominal ( l) N vomina— 1
L i 1=0 ucl ' ,
Qcsio=min{[ Coron—1 I.[a Z M . nominal 117 =Q ackrc—ver— Qs
1=0

K

.
r=0
where
ucr : - .
- M norninal(l] is the number of resource elements that can be used for transmission of UCI in OFDM symbol
PUSCH . - . . iy
[ ,for 1=0,1,2, -, N mhnomina—1 - inthe PUSCH transmission assuming a nominal repetition

without segmentation, and [N Eyun?bc rlfomma] is the total number of OFDM symbols in a nominal repetition of the

PUSCH, including all OFDM symbols used for DMRS;

- for any OFDM symbol that carries DMRS of the PUSCH assuming a nominal repetition without
. ucI (
segmentation, Msc,nominal“) =0 >

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

. UCI PUSCH PT-RS PT-RS .
Segmentatlon’ Msc,nominal ( l ) = Msc - Msc,nominal (l) where Msc,nominal ( l) is the number of

subcarriers in OFDM symbol | that carries PTRS, in the PUSCH transmission assuming a nominal
repetition without segmentation;
- M iilcmal ( l) is the number of resource elements that can be used for transmission of UCI in OFDM symbol

[ ,for [=0,1,2,---, NEUSCH 1 , in the actual repetition of the PUSCH transmission, and

symb,actual
N EyU,:b(ﬁma] is the total number of OFDM symbols in the actual repetition of the PUSCH transmission,

including all OFDM symbols used for DMRS;

- for any OFDM symbol that carries DMRS of the actual repetition of the PUSCH transmission,
M 11=0 5
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- for any OFDM symbol that does not carry DMRS of the actual repetition of the PUSCH transmission,
MY ()=MPISH—METRS (1) where MRS (1] is the number of subcarriers in OFDM

sc,actual scC sc,actual sc,actual

symbol [ that carries PTRS, in the actual repetition of the PUSCH transmission;

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

For CSI part 2 transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for CSI

part 2 transmission, denoted as QCSI‘PHY[2 , is determined as follows:

PUSCH

Q£2 = Symé MS['-ZICI(I) _Q/g( _Q£1
1=0

where
MPUSCH
- s is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
M PT-RS ( l)
- s is the number of subcarriers in OFDM symbol | that carries PTRS, in the PUSCH transmission;

I
- Q ACK  is the number of coded modulation symbols per layer for HARQ-ACK transmitted on the PUSCH if

! :0
number of HARQ-ACK information bits is more than 2, and Q ACK if the number of HARQ-ACK
information bits is 1 or 2 bits;

Q 'CSI—l

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

UCI( )

- s is the number of resource elements that can be used for transmission of UCI in OFDM symbol I for
1=0.1.2.... NPUSCH _4 yPuscH
? 2% Hsymball , in the PUSCH transmission and ~ symball s the total number of OFDM symbols of

the PUSCH, including all OFDM symbols used for DMRS;

MUCI ( I) — 0
- for any OFDM symbol that carries DMRS of the PUSCH, ~ *¢ ;

UcCI _ PUSCH __ PT-RS
- for any OFDM symbol that does not carry DMRS of the PUSCH, M (1) =M, M () .

d,1.d,5,d, 50,

drO’ ri>=r22 7 r3rt

The input bit sequence to rate matching is N1 where T is the code block number, and

Nr is the number of coded bits in code block number T

Rate matching is performed according to Clause 5.4.1 by setting Tsu=1"" and the rate matching output sequence

E,=|Ey/C

UCI ucClI J ) where

length to

- Cuar is the number of code blocks for UCI determined according to Clause 5.2.1;

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

Qm is the modulation order of the PUSCH;

Eyei =Ny Qs Q-
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frO’frl’frZ’ ’f (E,~1)

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

matching output sequence in code block number 7

6.3.2.4.1.4CG-UCI
For CG-UCI transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for CG-UCI

transmission, denoted as Q. _y¢;  is determined as follows:

PUSCH

symb ai— 1
PUSCH UCI
(OCG—UCI"'LCG—UCI) offset Z M, Ng b~
' . uct
Qco_var=min{[ Cor o1 ]’[O{' Z M, 1]
1=l
Kl"
r=0
where
- Ogg_ycr s the number of CG-UCI bits;
- Loc_yc s the number of CRC bits for CG-UCI determined according to Clause 6.3.1.2.1;
PUSCH __ ,CG—UCI

- B offset — ﬁ offset ;
- Cyr_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;
- M fCUSCH is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;

- M fCTfRS(’l ) is the number of subcarriers in OFDM symbol [ that carries PTRS, in the PUSCH transmission;
- M sliCI | ) is the number of resource elements that can be used for transmission of UCI in OFDM symbol I,
for [ =0,1,2,...., N S,%Sbc’i[l,— 1 ,inthe PUSCH transmission and [N ;ﬁc’]j“ 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, M>'(]|=0 ;
uct PUSCH PT—RS
- for any OFDM symbol that does not carry DMRS of the PUSCH, M, (l =M w —M, (l [
- o 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 0> d 1o dr 25 d d r(N,~1] where r 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 Iz; =1 and the rate matching output sequence
lengthto E,=[E /Cyyl ,where

- Cycr  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;

- Qm is the modulation order of the PUSCH;

- EUCI:NL'QlcchCI'Qm
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The output bit sequence after rate matching is denoted as f 02 f s f P23 f rE—~1| Where E. is the length of
rate matching output sequence in code block number r.

6.3.2.4.1.5HARQ-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'ACK , is determined as follows:

PUSEH 1
svmb all ™

PUSCH UCI
(OACK+OCG vat LACK offset Z M, No a1
' . ucr
Qack=min|[ Coron 1 ],[O(' Z M IT
S I=1,
Kr
r=0
where
- Opycx s the number of HARQ-ACK bits;
- Ogg_ycr s the number of CG-UCI bits;
- if OuextOc_ye>360 , L,=11 ;otherwise L, isthe number of CRC bits for HARQ-ACK
and CG-UCI determined according to Clause 6.3.1.2.1;
PUSCH _ y HARQ—ACK
- Boffset Boffset
- Cyr—_scy s 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;
- M fCUSCH is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;

- M fCT _RS(I ) is the number of subcarriers in OFDM symbol [ that carries PTRS, in the PUSCH transmission;
- M ;{:CI' l } is the number of resource elements that can be used for transmission of UCI in OFDM symbol I,
for 1 =0,1,2,...., N ;[,Insbc’f,,— 1 ,inthe PUSCH transmission and N fy[,]nsbc’f” 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, M|, uer( =0 ;
uct PUSCH PT-RS
- for any OFDM symbol that does not carry DMRS of the PUSCH, M, 1)=M PUSCH _ M PT=R3(1 [
- a is configured by higher layer parameter scaling;
- I, 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 r0>» d,,d.,, d .d r(N,—1) Where ris 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 Iz; =1 and the rate matching output sequence
lengthto E,=[E /Cyql , where

- Cyc  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;

- Qm is the modulation order of the PUSCH,;
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- Eycr=Ny Qack* Qn
The output bit sequence after rate matching is denoted as f ro» f ri? f r2sees f r[E,~1] Where E, isthe 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

6.3.2.4.2.1HARQ-ACK
For HARQ-ACK transmission on PUSCH, the number of coded modulation symbols per layer for HARQ-ACK

transmission, denoted as QACK , 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 Ay dy,dyp-edyy

Rate matching is performed according to Clause 5.4.3, by setting the rate matching output sequence length
E=N;-Q'yex Qp

, where

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

- Qm is the modulation order of the PUSCH.

The output bit sequence after rate matching is denoted as fofvfo-fe

6.3.2.4.2.2CSI part 1
For CSI part 1 transmission on PUSCH, the number of coded modulation symbols per layer for CSI part 1 transmission,

denoted as QCSU , is determined according to Clause 6.3.2.4.1.2, by setting the number of CRC bits L=0
Rate matching is performed according to Clause 5.4.3, by setting the rate matching output sequence length
E=N;Q'esiiQn | where

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

- Qm is the modulation order of the PUSCH.

The output bit sequence after rate matching is denoted as fofvfo-fe

6.3.2.4.2.3CSI part 2
For CSI part 2 transmission on PUSCH, the number of coded modulation symbols per layer for CSI part 2 transmission,

denoted as QC5L2 , is determined according to Clause 6.3.2.4.1.3, by setting the number of CRC bits L=0
Rate matching is performed according to Clause 5.4.3, by setting the rate matching output sequence length

E=N;-Q'5,Q,

, where

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

- Qm is the modulation order of the PUSCH.

The output bit sequence after rate matching is denoted as fofvfo-fe

6.3.2.4.2.4CG-UCI
For CG-UCI transmission on PUSCH, the number of coded modulation symbols per layer for CG-UCI transmission,

denoted as Q’cc—wr , is determined according to Clause 6.3.2.4.1.4, by setting the number of CRC bits

Leg-per=0
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The input bit sequence to rate matching is d,,d;,d,,...,dy_;
Rate matching is performed according to Clause 5.4.3, by setting the rate matching output sequence length
E=N, Qcs-ver'Qu »where
- N, is the number of transmission layers of the PUSCH;
- Qm is the modulation order of the PUSCH.

The output bit sequence after rate matching is denoted as fo, f 1 f Jreees f E—1

6.3.2.4.2.5HARQ-ACK and CG-UCI
For HARQ-ACK and CG-UCI transmission on PUSCH, the number of coded modulation symbols per layer for HARQ-

ACK and CG-UCI transmission, denoted as Q:ACK , is determined according to Clause 6.3.2.4.1.5, by setting the
number of CRC bits L ;=0

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

Rate matching is performed according to Clause 5.4.3, by setting the rate matching output sequence length
E=N;"Quck 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 fo, f 1 f2, cesf E-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 Ey and Cuar given
in Clause 6.3.2.4.1.

6.3.2.6 Multiplexing of coded UCI bits to PUSCH

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
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7.1.1 PBCH payload generation

a,,d,,d,,d,,...,d; A
Denote the bits in a transport block delivered to layer 1 by 0°71°72°73***7A-1 " ‘where A s the payload size

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

505, 1305, 0,05 0ye e,
Generate the following additional timing related PBCH payload bits A’ A+’ "A+227A+37"" 7 A+7  “where:
aA)aA+1)_A+2)_A+3 th rd ~nd st :
- are the 4", 3, 2", and 1* LSB of SFN, respectively;
i _

- A+4 s the half frame bit Oyygr ;

- if L,,=10 asdefined in Clause 4.1 of [5, TS38.213],

éA+5 is the MSB of K as defined in Clause 7.4.3.1 of [4, TS 38.211].

A+ Isreserved.

,,, isthe MSB of candidate SS/PBCH block index.

- elseif L,,=20 asdefined in Clause 4.1 of [5, TS38.213],
éA+5 is the MSB of kSSB as defined in Clause 7.4.3.1 of [4, TS 38.211].

ase » Qj,, arethe 5" and 4" bits of the candidate SS/PBCH block index, respectively.

- elseif L,,=64 asdefined in Clause 4.1 of [5, TS38.213],

a;,. , G, , a;,, arethe6" 5" and 4" bits of the candidate SS/PBCH block index, respectively.

éA+5 is the MSB of K as defined in Clause 7.4.3.1 of [4, TS 38.211].

J4

A+ » Ga,, arereserved.

Let A=A+8 . jSFN:0 : Jurp=10 : jSSB:11 : jother:14

for =0 ¢ A-1
o a4 .
if "t isan SFN bit

U6 jgey) =

Jsen=Jsent1

elseif ai is the half radio frame bit

U6 ()~
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clseif A+O<i<A+7

a ):ai

Glisse

Jssg=Jsspt1

else

a =a,

G [ ] Other]

>

J Other =J Other+ 1

end if
end for

where fmax 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(]) is given by Table 7.1.1-1.

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

il G L Gl g Gyl g Gl g Gl gl Gl gl Gl Gljl
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

a,,d,,a,,d,,...,d . . .
0071722732 * ¥ A-1  js scrambled into a bit sequence

a'i:(ai+sl.)m0d2 for 1=01..,A-1 anq 5051505305541 is generated

For PBCH transmission in a frame, the bit sequence
! I ! 1 1
07,0050 50 here
according to the following:

i=0

j=0
while <A

if fi 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=cljom) |
j=j+1
end if
i=i+1
end while
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. __qpcell
The scrambling sequence C(l) is given by Clause 5.2.10f [4, TS38.211] and initialized with Cinie=N'p

at the
start of each SFN satisfying mod(SFN ,8/=0 . M=A-3 o L,=4 o L,u=8 , M=A-4 ¢

L,.=10 , M=A-5 for L,,=20 ,and M=A-6 o L, ,.=64  where L,, isthe

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 vV for PBCH scrambling

(3" LSB of SFN, 2" LSB of SFN) Va’ze of
©.0) 5
(0.1) 1
(1.0) >
(L.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

! ! ! ! !
Ty 00y , and the parity bits by Po»P1sPo>P3seesPry , where A is the payload size and L s

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 024 bits
b,,b.,b,,b b
B

and using the generator polynomial gCRC24C[D J , resulting in the sequence ~0°71°72°73”"" "

B=A+L

-1, where

The bit sequence bysbysby, by, by is the input bit sequence CorC1rCCaoee s Cy

¢=b; oo i=0,1,.,B-1 _nq K=B

to the channel encoder, where

7.1.4 Channel coding

C,,C.yCyyChy.ooyC .
001" =3 0 K-1 where K s

(=9 I, =1

> >

Information bits are delivered to the channel coding block. They are denoted by

the number of bits, and they are encoded via Polar coding according to Clause 5.3.1, by setting Mina

— wm _
n,-=0 and Nnpc=0

dyd;,dds...,d,

After encoding the bits are denoted by 0’7172 73" N-1 where N is the number of coded bits.

7.1.5 Rate matching

The input bit sequence to rate matching is Ao dys sy
The rate matching output sequence length E=864
Rate matching is performed according to Clause 5.4.1 by setting Ty =0

The output bit sequence after rate matching is denoted as folvly-fe
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).
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The entire transport block is used to calculate the CRC parity bits. Denote the bits in a transport block delivered to layer

1 by Gy 0150y, 035--,0 5 , and the parity bits by PosPy>PysP3seeos Py , where A is the payload size and

a
L is the number of parity bits. The lowest order information bit 0  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
24 bits and using the generator polynomial gCRC24A‘D) it A>3824 ; and by setting L t0 16 bits and using the

generator polynomial gCRClG‘D | otherwise.

bysb;,b,,b,,..., by

The bits after CRC attachment are denoted by 70°71°72°73°**¥B-1  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
5.1.3.1in[6, TS 38.214] and subsequent re-transmission of the same transport block, each code block of the transport
block is encoded with either LDPC base graph 1 or 2 according to the following:

it A<292 orit A<3824 ganq R<0.67 orif R<0.25  [DPC base graph 2 is used;
- otherwise, LDPC base graph 1 is used,

where A s the payload size in Clause 7.2.1.

7.2.3 Code block segmentation and code block CRC attachment
by,by,by by, by

The bits input to the code block segmentation are denoted by 0°71°72°737**
in the transport block (including CRC).

B-1 where B isthe number of bits

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

CrO’Crl’CrZ’CrS" "’Cr{Kr—l}

The bits after code block segmentation are denoted by , where T is the code block

number and K, is the number of bits for code block number I 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

C.,C.,CH,C

ro2 - r1tr2 r3""’Cr{K’—1]

, where T isthe code block number, and K, is the number of bits in code block

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

d,d,d,d.,,....d

After encoding the bits are denoted by "> " ¥ ¥ TN ywhere the values of N given in Clause
5.3.2.
7.2.5 Rate matching

O B A

Coded bits for each code block, denoted as , are delivered to the rate match block, where

I is the code block number, and N, is the number of encoded bits in code block number " . 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
=1

setting I g =

frO’frl’frZ’fr3’""fr\jEr—lz\

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

for code block number T
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7.2.6 Code block concatenation
froyfrl’frz’fry”"fr{E;;;

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

r=0,...,C=1  and where Er is the number of rate matched bits for the © -th code block.

Code block concatenation is performed according to Clause 5.5.

The bits after code block concatenation are denoted by 999192293+ 91 ,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.
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
0_1 indicating downlink feedback information for configured
grant PUSCH (CG-DFI)
02 Scheduling of PUSCH in one cell
10 Scheduling of PDSCH in one cell

11 Scheduling of PDSCH in one cell, and/or triggering one
— shot HARQ-ACK codebook feedback

12 Scheduling of PDSCH in one cell

Notifying a group of UEs of the slot format, available RB

2.0 sets, COT duration and search space set group switching
Notifying a group of UEs of the PRB(s) and OFDM

2.1 symbol(s) where UE may assume no transmission is
intended for the UE

22 Transmission of TPC commands for PUCCH and PUSCH

53 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

Clause 9.3.1 of [10, TS 38.473]

26 Notifying the power saving information outside DRX Active
- Time for one or more UEs

Scheduling of NR sidelink in one cell

Scheduling of LTE sidelink in one cell

2.5

RO

GO a

The fields defined in the DCI formats below are mapped to the information bits to A-l as follows.
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Each field is mapped in the order in which it appears in the description, including the zero-padding bit(s), if any, with

a
the first field mapped to the lowest order information bit 0 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 G

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:

UL,BWP
Determine DCI format 0_0 monitored in a common search space according to clause 7.3.1.1.1 where Nrs

is the size of the initial UL bandwidth part.

DLBWP
- Determine DCI format 1_0 monitored in a common search space according to clause 7.3.1.2.1 where Nrg

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
scheduling the same serving cell, a number of zero padding bits are generated for the DCI format 0_0 until the
payload size equals that of the DCI format 1_0.

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

Step 1:

- Determine DCI format 0_0 monitored in a UE-specific search space according to clause 7.3.1.1.1 where
UL,BWP
Nip 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
DLBWP
N 'y

RB 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
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Step 2:

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

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:

Step 3:

Step 4:

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 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

Otherwise
Step 4A:
- Remove the padding bit (if any) introduced in step 2 above.

- Determine DCI format 1_0 monitored in a UE-specific search space according to clause 7.3.1.2.1 where
DL,BWP
N 5

RB 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
UL,BWP

Ngs 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
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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.

- 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 when at least one pair of the corresponding PDCCH candidates of DCI formats 0_0 and 0_2 are
mapped to the same resource; or

the size of DCI format 1_0 in a UE-specific search space is equal to DCI format 1_2 in another UE-specific
search space when at least one pair of the corresponding PDCCH candidates of DCI formats 1_0 and 1_2 are
mapped to the same resource; or

the size of DCI format 0_1 in a UE-specific search space is equal to DCI format 0_2 in the same or another UE-
specific search space when at least one pair of the corresponding PDCCH candidates of DCI formats 0_1 and
0_2 are mapped to the same resource; or

the size of DCI format 1_1 in a UE-specific search space is equal to DCI format 1_2 in the same or another UE-
specific search space when at least one pair of the corresponding PDCCH candidates of DCI formats 1_1 and
1_2 are mapped to the same resource.

7.3.1.0.1 DCI size alignment for DCI formats for scheduling of sidelink

If DCI format 3_0 or DCI format 3_1 is monitored on a cell, DCI size alignment for DCI format 3_0 and DCI format
3_1 is performed as described in this clause after performing the DCI size alignment described in Clause 7.3.1.0. The
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size(s) of the DCI formats configured to monitor for a cell in this clause refers to that after performing the DCI size
alignment described in Clause 7.3.1.0.

If DCI format 3_0 or DCI format 3_1 is monitored on a cell and the total number of DCI sizes of the DCI formats
configured to monitor for the cell and DCI format 3_0 or DCI format 3_1 is more than 4, zeros shall be appended to
DCI format 3_0 if configured and DCI format 3_1 if configured, until the payload size of DCI format 3_0 or DCI
format 3_1 equals that of the smallest DCI format configured to monitor for the cell that is larger than DCI format 3_0
or DCI format 3_1.

The UE is not expected to handle a configuration that results in:

- the total number of different DCI sizes configured to monitor for the cell and DCI format 3_0 or DCI format 3_1
is more than 4; and

- the payload size of DCI format 3_0 or DCI format 3_1 is larger than the payload size of all other DCI formats
configured to monitor for the cell.

7.3.1.1 DCI formats for scheduling of PUSCH
7.3.1.1.1 Format0_0O
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-RNTT or CS-
RNTI or MCS-C-RNTTI:

- Identifier for DCI formats — 1 bit

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

UL,BWP ( »,UL,BWP
- Frequency domain resource assignment — HogZ( Nrg (NRB +1)/2)] bits if neither of the higher layer
parameters uselnterlacePUCCH-PUSCH in BWP-UplinkCommon and uselnterlacePUCCH-PUSCH in BWP-

UL,BWP
UplinkDedicated is configured, where Nyg is defined in clause 7.3.1.0

- For PUSCH hopping with resource allocation type 1:

- NUL_hOP MSB bits are used to indicate the frequency offset according to Clause 6.3 of [6, TS 38.214],

where NUL,hOle if the higher layer parameter frequencyHoppingOffsetLists contains two offset

values and NULJIOPZZ if the higher layer parameter frequencyHoppingOffsetLists contains four offset

values
UL,BWP [ »-UL,BWP _
“082( Neg (NRB +1)/2)] NUL_hOP 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(Neg " (Ngg +1)/2]]
Clause 6.1.2.2.2 of [6, TS 38.214]

bits provides the frequency domain resource allocation according to

- if any of the higher layer parameters uselnterlacePUCCH-PUSCH in BWP-UplinkCommon and
uselnterlacePUCCH-PUSCH in BWP-UplinkDedicated is configured

- 5+Y bits provide the frequency domain resource allocation according to Clause 6.1.2.2.3 of [6, TS
38.214] if the subcarrier spacing for the active UL bandwidth part is 30 kHz.

- 6+Y bits provide the frequency domain resource allocation according to Clause 6.1.2.2.3 of [6, TS
38.214] if the subcarrier spacing for the active UL bandwidth part is 15 kHz.
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If the DCI format 0_0 is monitored in a UE-specific search space, the value of Y is determined by
NBWP NBWP + 1)

[log, RB-set,UL\ _RB-set,UL ] where N o UL s the number of RB sets contained in the
5 ,
active UL BWP as defined in clause 7 of [6, TS38.214]. If the DCI 0_0 is monitored in a common search
space Y = 0.

- Time domain resource assignment — 4 bits as defined in Clause 6.1.2.1 of [6, TS 38.214]

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

- 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.

- 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.

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:

UL,BWP ( »,ULBWP
UogZ(NRB (NRB +l)/2)] bits if the higher layer parameter uselnterlacePUCCH-PUSCH in BWP-
UplinkCommon is not configured, where

NUL,BWP
RB is the size of the initial UL bandwidth part.

- For PUSCH hopping with resource allocation type 1:

- NUL_hOD MSB bits are used to indicate the frequency offset according to Table 8.3-1 in Clause 8.3

— UL,BWP -
of [5, TS 38.213], where  NuLip=1 it Nes <50 and  Nuwnp=2

otherwise
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UL,BWP [ »,UL,BWP _
“082( Neg (NRB +1)/2)] NUL_hOP 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:

g K5 VP12
to Clause 6.1.2.2.2 of [6, TS 38.214]

bits provides the frequency domain resource allocation according

- if the higher layer parameter uselnterlacePUCCH-PUSCH in BWP-UplinkCommon is configured

- 5 bits provide the frequency domain resource allocation according to Clause 6.1.2.2.3 of [6, TS
38.214] if the subcarrier spacing for the active UL bandwidth part is 30 kHz

- 6 bits provide the frequency domain resource allocation according to Clause 6.1.2.2.3 of [6, TS
38.214] if the subcarrier spacing for the active UL bandwidth part is 15 kHz

- Time domain resource assignment — 4 bits as defined in Clause 6.1.2.1 of [6, TS 38.214]

- 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]

- 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

- 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

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 Value of " "id to be applied

00

01

10

11

WIN |~ |O
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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 Type2 A-ULChannel Access 3
defined in [clause 4.2.1.2.1 in
37.213]
2 Type2 A-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-RNTTI or CS-
RNTI or SP-CSI-RNTT or MCS-C-RNTT:

- 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].
- DFIflag -0 or 1 bit

- 1 bit if the UE is configured to monitor DCI format 0_1 with CRC scrambled by CS-RNTT 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-RNTT 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-DF]I, 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.
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- Bandwidth part indicator — 0, 1 or 2 bits as determined by the number of UL BWPs Mewe rrc configured by
higher layers, excluding the initial UL bandwidth part. The bitwidth for this field is determined as

“OgZ ( Mpwp )] bits, where

= + .o N . . . s . .
- Mswp=Mgwprrc 1 if BWRRRC ® , in which case the bandwidth part indicator is equivalent to the
ascending order of the higher layer parameter BWP-Id;

n

- otherwise Mgwp = BWPRRC 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.

UL,BWP
- Frequency domain resource assignment — number of bits determined by the following, where Ny is the

size of the active UL bandwidth part:
- If higher layer parameter uselnterlacePUCCH-PUSCH in BWP-UplinkDedicated is not configured

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

UL,BWP [ 5, ULBWP
“OgZ(NRB (NRB +1)/2)] bits if only resource allocation type 1 is configured, or
max [ [log, (NYEBWP(NULBWPL1)/2)], N oy |41

'dynamicSwitch'.

RBG bits if resourceAllocation is configured as

- If resourceAllocation is configured as 'dynamicSwitch', 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 Neeg LSBs provide the resource allocation as defined in Clause
6.1.2.2.1 of [6, TS 38.214].

o N (V™))

- For resource allocation type 1, the
allocation as follows:

LSBs provide the resource

- For PUSCH hopping with resource allocation type 1:

- NUL_hOD MSB bits are used to indicate the frequency offset according to Clause 6.3 of [6, TS

38.214], where NUL,hODzl if the higher layer parameter frequencyHoppingOffsetLists contains

two offset values and NUL_hOD:2 if the higher layer parameter frequencyHoppingOffsetLists

contains four offset values
UL,BWP [ »;UL,BWP _
[1082( Nig (NRB +1)/2)] NUL_hOP 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:
UL,BWP ( ,ULBWP
“Og2( Nrp (NRB +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 uselnterlacePUCCH-PUSCH in BWP-UplinkDedicated is configured

- 5+ Y bits provide the frequency domain resource allocation according to Clause 6.1.2.2.3 of [6, TS
38.214] if the subcarrier spacing for the active UL bandwidth part is 30 kHz. The 5 MSBs provide the
interlace allocation and the Y LSBs provide the RB set allocation.
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- 6+ Y bits provide the frequency domain resource allocation according to Clause 6.1.2.2.3 of [6, TS
38.214] if the subcarrier spacing for the active UL bandwidth part is 15 kHz. The 6 MSBs provide the
interlace allocation and the Y LSBs provide the RB set allocation.

BWP BWP
NRstet,UL NRstet,UL+]‘)

2
number of RB sets contained in the active UL BWP as defined in clause 7 of [6, TS38.214].

BWP .
] where Ngp .y isthe

The value of Y is determined by [ log,

If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and if
resourceAllocation is configured as 'dynamicSwitch' for the indicated bandwidth part, the UE assumes
resource allocation type 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, 4, 5, or 6 bits

If the higher layer parameter pusch-TimeDomainAllocationListDCI-0-1 is not configured and if the higher
layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is not configured and if the higher layer
parameter pusch-TimeDomainAllocationList is configured, 0, 1, 2, 3, or 4 bits as defined in Clause 6.1.2.1 of

[6, TS38.214]. The bitwidth for this field is determined as “OgZ(Iﬂ bits, where I is the number of entries
in the higher layer parameter pusch-TimeDomainAllocationList;

If the higher layer parameter pusch-TimeDomainAllocationListDCI-0-1 is configured or if the higher layer
parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured, 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 [ log2 (I ) | bits,

where I is the number of entries in the higher layer parameter pusch-TimeDomainAllocationListDCI-0-1 or
pusch-TimeDomainAllocationListForMultiPUSCH;

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

- Frequency hopping flag — 0 or 1 bit:

0 bit if only resource allocation type 0 is configured, or if the higher layer parameter frequencyHopping is not
configured and the higher layer parameter pusch-RepTypelndicatorDCI-0-1 is not configured to pusch-
RepTypeB, or if the higher layer parameter frequencyHoppingDCI-0-1 is not configured and pusch-
RepTypelndicatorDCI-0-1 is configured to pusch-RepTypeB, or if only resource allocation type 2 is
configured;

1 bit according to Table 7.3.1.1.1-3 otherwise, only applicable to resource allocation type 1, as defined in
Clause 6.3 of [6, TS 38.214].

- Modulation and coding scheme — 5 bits as defined in Clause 6.1.4.1 of [6, TS 38.214]

- New 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-
TimeDomainAllocationListForMultiPUSCH, where each bit corresponds to one scheduled PUSCH as defined in
clause 6.1.4in [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-TimeDomainAllocationListForMultiPUSCH, where each bit
corresponds to one scheduled PUSCH as defined in clause 6.1.4 in [6, TS 38.214] and redundancy version is
determined according to Table 7.3.1.1.2-34.

- HARQ process number — 4 bits
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1* downlink 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 configured;

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

When two HARQ-ACK codebooks are configured for the same serving cell and if higher layer parameter
priorityIndicatorDCI-0-1 is configured, if the bit width of the 1* downlink assignment index in DCI format
0_1 for one HARQ-ACK codebook is not equal to that of the 1* downlink assignment index in DCI format
0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to
smaller 1* downlink assignment index until the bit width of the 1* downlink assignment index in DCI format
0_1 for the two HARQ-ACK codebooks are the same.

2" downlink assignment index — 0, 2 or 4 bits:

2 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-Total DAI-Included
configured;

4 bits for enhanced dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks and with UL-
Total DAI-Included = true;

0 bit otherwise.

When two HARQ-ACK codebooks are configured for the same serving cell and if higher layer parameter
priorityIndicatorDCI-0-1 is configured, if the bit width of the 2" downlink assignment index in DCI format
0_1 for one HARQ-ACK codebook is not equal to that of the 2™ downlink assignment index in DCI format
0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to
smaller 2™ downlink assignment index until the bit width of the 2™ downlink assignment index in DCI
format 0_1 for the two HARQ-ACK codebooks are the same.

TPC command for scheduled PUSCH - 2 bits as defined in Clause 7.1.1 of [5, TS38.213]

N |

inl
min L SRS|

[~max >

b3

k=1

NSRS

]
SRS resource indicator — k or “OgZ(NSRS)] bits, where NSRS 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' or
'nonCodeBook’,

[log,

in! ]
min \Lmax ’NSRS\

[log, Z
k=1

NSRS

il

bits according to Tables 7.3.1.1.2-28/29/30/31 if the higher layer parameter

txConfig = nonCodebook, where NSRS 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, L.« is given by that parameter

- otherwise, Lna is given by the maximum number of layers for PUSCH supported by the UE for the
serving cell for non-codebook based operation.

- [logZ(NSRSH 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 NSRS 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:
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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, ul-
FullPowerTransmission is not configured or configured to fullpowerMode?2 or configured to fullpower, 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, ul-
FullPowerTransmission = fullpowerModel, maxRank=2, transform precoder is disabled, and according to
the values of higher layer parameter codebookSubset;

4 or 6 bits according to Table 7.3.1.1.2-2B for 4 antenna ports, if txConfig = codebook, ul-
FullPowerTransmission = fullpowerModel, maxRank=3 or 4, transform precoder is disabled, and according
to the values of higher layer parameter codebookSubset;

2, 4, or 5 bits according to Table 7.3.1.1.2-3 for 4 antenna ports, if txConfig = codebook, ul-
FullPowerTransmission is not configured or configured to fullpowerMode?2 or configured to fullpower, and
according to whether transform precoder is enabled or disabled, and the values of higher layer parameters
maxRank, and codebookSubset;

3 or 4 bits according to Table 7.3.1.1.2-3A for 4 antenna ports, if txConfig = codebook, ul-
FullPowerTransmission = fullpowerModel, maxRank=1, and according to whether transform precoder is
enabled or disabled, and the values of higher layer parameter codebookSubset;

2 or 4 bits according to Table7.3.1.1.2-4 for 2 antenna ports, if txConfig = codebook, ul-
FullPowerTransmission is not configured or configured to fullpowerMode?2 or configured to fullpower, and
according to whether transform precoder is enabled or disabled, and the values of higher layer parameters
maxRank and codebookSubset;

2 bits according to Table 7.3.1.1.2-4A for 2 antenna ports, if txConfig = codebook, ul-
FullPowerTransmission = fullpowerModel, transform precoder is disabled, maxRank=2, and
codebookSubset=nonCoherent;

1 or 3 bits according to Table7.3.1.1.2-5 for 2 antenna ports, if txConfig = codebook, ul-
FullPowerTransmission is not configured or configured to fullpowerMode?2 or configured to fullpower, and
according to whether transform precoder is enabled or disabled, and the values of higher layer parameters
maxRank and codebookSubset;

2 bits according to Table 7.3.1.1.2-5A for 2 antenna ports, if txConfig = codebook, ul-
FullPowerTransmission = fullpowerModel, maxRank=1, and according to whether transform precoder is
enabled or disabled, and the values of higher layer parameter codebookSubset;

For the higher layer parameter txConfig=codebook, if ul-FullPowerTransmission is configured to
fullpowerMode2, maxRank is configured to be larger than 2, and at least one SRS resource with 4 antenna ports
is configured in an SRS resource set with usage set to 'codebook’ and an SRS resource with 2 antenna 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 an SRS resource
among the configured SRS resources in an SRS resource set with usage set to 'codebook’. If the number of ports
for a configured SRS resource in the set is less than the maximum number of ports in an SRS resource among the
configured SRS resources, a number of most significant bits with value set to '0' are inserted to the field.

- Antenna ports — number of bits determined by the following

2 bits as defined by Tables 7.3.1.1.2-6, if transform precoder is enabled, dmrs-Type=1, and maxLength=1,
except that dmrs-UplinkTransformPrecoding and tp-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 dmrs-
UplinkTransformPrecoding and tp-pi2BPSK are both configured, n/2 BPSK modulation is used, dmrs-
Type=1, and maxLength=1, where nscip is the scrambling identity for antenna ports defined in [Clause
6.4.1.1.1.2, TS38.211];
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- 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 dmrs-UplinkTransformPrecoding 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 dmrs-
UplinkTransformPrecoding and tp-pi2BPSK are both configured, n/2 BPSK modulation is used, dmrs-
Type=1, and maxLength=2, where nscpp is the scrambling identity for antenna ports defined in [Clause
6.4.1.1.1.2, 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;

- 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 and dmrs-UplinkForPUSCH-

{ x4 %5}

max
MappingTypeB, the bitwidth of this field equals , where X4 is the "Antenna ports" bitwidth

derived according to dmrs-UplinkForPUSCH-MappingTypeA and X5 is the "Antenna ports" bitwidth derived

X, —X
according to dmrs-UplinkForPUSCH-MappingTypeB. A number of | A 7B | zeros are padded in the MSB of

this field, if the mapping type of the PUSCH corresponds to the smaller value of Xa and *&.

- 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].

- CSlIrequest—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.

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

- 0 bit if PTRS-UplinkConfig is not configured in either dmrs-UplinkForPUSCH-MappingTypeA or dmrs-
UplinkForPUSCH-MappingTypeB 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) when one PT-RS port and two PT-RS ports are configured by
maxNrofPorts in PTRS-UplinkConfig respectively, and the DMRS ports are indicated by the Antenna ports
field.
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If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and the
"PTRS-DMRS association" field is present for the indicated bandwidth part but not present for the active
bandwidth part, the UE assumes the "PTRS-DMRS association" field is not present for the indicated bandwidth
part.

- beta_offset indicator — 0 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 and if higher layer parameter
priorityIndicatorDCI-0-1 is configured, if the bit width of the beta_offset indicator in DCI format 0_1 for one
HARQ-ACK codebook is not equal to that of the beta_offset indicator in DCI format 0_1 for the other HARQ-
ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller beta_offset
indicator until the bit width of the beta_offset indicator in DCI format 0_1 for the two HARQ-ACK codebooks
are the same.

- DMRS 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;

- 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
[ logz(l ) |  bits, where I is the number of entries in the higher layer parameter ul-AccessConfigListDCI-0-1

for operation in a cell with shared spectrum channel access; otherwise 0 bit. One or more entries from Table
7.3.1.1.2-35 are configured by the higher layer parameter ul-AccessConfigListDCI-0-1.

- Open-loop power control parameter set indication — 0 or 1 or 2 bits.
- 0 bit if the higher layer parameter p0-PUSCH-SetList is not configured;
- 1 or 2 bits otherwise,
- 1bit if SRS resource indicator is present in the DCI format 0_1;

- 1 or 2 bits as determined by higher layer parameter olpc-ParameterSetDCI-0-1 if SRS resource indicator
is not present in the DCI format 0_1.

- Priority indicator — 0 bit if higher layer parameter priorityIndicatorDCI-0-1 is not configured; otherwise 1 bit as
defined in Clause 9 in [5, TS 38.213].

- Invalid symbol pattern indicator — 0 bit if higher layer parameter invalidSymbolPatternIndicatorDCI-0-1 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 bit if higher layer parameter minimumSchedulingOffsetK2 is not configured;

- 1 bit if higher layer parameter minimumSchedulingOffsetK2 is configured. The 1 bit indication is used to
determine the minimum applicable K2 for the active UL BWP and the minimum applicable KO0 value for the
active DL BWP, if configured respectively, according to Table 7.3.1.1.2-33. If the minimum applicable KO is
indicated, the minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL. BWP
shall be the same as the minimum applicable KO value.

- SCell dormancy indication — 0 bit if higher layer parameter dormancyGroupWithinActiveTime is not configured;
otherwise 1, 2, 3, 4 or 5 bits bitmap determined according to higher layer parameter
dormancyGroupWithinActiveTime, where each bit corresponds to one of the SCell group(s) configured by higher
layers parameter dormancyGroup WithinActiveTime, 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.

3GPP



Release 16 108 3GPP TS 38.212 V16.4.0 (2020-12)

- Sidelink assignment index — 0, 1 or 2 bits:

- 1bit if the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static and, in addition, the UE is
configured with a SL configured grant type 1 or to monitor DCI format 3_0 with CRC scrambled by SL-
RNTI or SL-CS-RNTI;

- 2 bits if the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic and, in addition, the UE is
configured with a SL configured grant type 1 or to monitor DCI format 3_0 with CRC scrambled by SL-
RNTI or SL-CS-RNTI;

- 0 bit otherwise.

A UE does not expect that the bit width of a field in DCI format 0_1 with CRC scrambled by CS-RNTT 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-RNTT 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-RNTT 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.

Table 7.3.1.1.2-1: Bandwidth part indicator

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
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Table 7.3.1.1.2-2: Precoding information and number of layers, for 4 antenna ports, if transform
precoder is disabled, maxRank = 2 or 3 or 4, and ul-FullPowerTransmission is not configured or
configured to fullpowerModeZ2 or configured to fullpower

Bit field codebookSubset = Bit field codebookSubset = Bit field codebookSubset=
mapped | fullyAndPartialAndNonCoheren | mapped | partialAndNonCoheren | mapped B
. . " nonCoherent

to index t to index t 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

Table 7.3.1.1.2-2A: Precoding information and humber of layers for 4 antenna ports, if transform
precoder is disabled, maxRank = 2, and ul-FullPowerTransmission = fullpowerMode1

Bit field codebookSubset = Bit field codebookSubset=
mapped | partialAndNonCoheren | mapped nonCoherent B
to index t to index
0 1 layer: TPMI=0 0 1 layer: TPMI=0
1 1 layer: TPMI=1 1 1 layer: TPMI=1
3 1 layer: TPMI=3 3 1 layer: TPMI=3
4 2 layers: TPMI=0 4 2 layers: TPMI=0
9 2 layers: TPMI=5 9 2 layers: TPMI=5
10 1 layer: TPMI=13 10 1 layer: TPMI=13
11 2 layer: TPMI=6 11 2 layer: TPMI=6
12 1 layer: TPMI=4 12-15 Reserved
20 1 layer: TPMI=12
21 1 layer: TPMI=14
22 1 layer: TPMI=15
23 2 layers: TPMI=7
29 2 layers: TPMI=13
30-31 Reserved
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Table 7.3.1.1.2-2B: Precoding information and humber of layers for 4 antenna ports, if transform
precoder is disabled, maxRank = 3 or 4, and ul-FullPowerTransmission = fullpowerMode1l

Bit field codebookSubset = Bit field

. codebookSubset=
mqpped partialAndNonCoheren me}pped nonCoherent
to index t to index
0 1 layer: TPMI=0 0 1 layer: TPMI=0
1 1 layer: TPMI=1 1 1 layer: TPMI=1
3 1 layer: TPMI=3 3 1 layer: TPMI=3
4 2 layers: TPMI=0 4 2 layers: TPMI=0
9 2 layers: TPMI=5 9 2 layers: TPMI=5
10 3 layers: TPMI=0 10 3 layers: TPMI=0
11 4 layers: TPMI=0 11 4 layers: TPMI=0
12 1 layer: TPMI=13 12 1 layer: TPMI=13
13 2 layer: TPMI=6 13 2 layer: TPMI=6
14 3 layer;: TPMI=1 14 3 layer: TPMI=1
15 1 layer: TPMI=4 15 Reserved
23 1 layer: TPMI=12
24 1 layer: TPMI=14
25 1 layer: TPMI=15
26 2 layers: TPMI=7
32 2 layers: TPMI=13
33 3 layers: TPMI=2
34 4 layers: TPMI=1
35 4 layers: TPMI=2
36-63 Reserved

Table 7.3.1.1.2-3: Precoding information and number of layers for 4 antenna ports, if transform
precoder is enabled and ul-FullPowerTransmission is either not configured or configured to
fullpowerMode2, or if transform precoder is disabled, maxRank = 1, and ul-FullPowerTransmission is
not configured or configured to fullpowerMode2 or configured to fullpower

Bit field codebookSubset = Bit field codebookSubset= Bit field

mapped | fullyAndPartialAndNonCoheren | mapped | partialAndNonCoheren | mapped BB gRl SIS
. . . nonCoherent

to index t to index t 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
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Table 7.3.1.1.2-3A: Precoding information and humber of layers for 4 antenna ports, if transform
precoder is enabled and ul-FullPowerTransmission = fullpowerModel, or if transform precoder is
disabled, maxRank = 1, and ul-FullPowerTransmission = fullpowerMode1

Bit field codebookSubset= Bit field codebookSubset=
mapped | partialAndNonCoheren | mapped
. - nonCoherent
to index t to index
0 1 layer: TPMI=0 0 1 layer: TPMI=0
1 1 layer: TPMI=1 1 1 layer: TPMI=1
3 1 layer: TPMI=3 3 1 layer: TPMI=3
4 1 layer: TPMI=13 4 1 layer: TPMI=13
5 1 layer: TPMI=4 5-7 Reserved
13 1 layer: TPMI=12
14 1 layer: TPMI=14
15 1 layer: TPMI=15

Table 7.3.1.1.2-4: Precoding information and number of layers, for 2 antenna ports, if transform
precoder is disabled, maxRank = 2, and ul-FullPowerTransmission is not configured or configured to
fullpowerMode2 or configured to fullpower

?r:;];(:)lg codebpokSubset = ?r:tagfnlg
dto fullyAndPartialAndNonCoheren dto codebookSubset = nonCoherent
index t 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

Table 7.3.1.1.2-4A: Precoding information and number of layers, for 2 antenna ports, if transform
precoder is disabled, maxRank = 2, and ul-FullPowerTransmission = fullpowerModel

Bit flelc:ng:)[()ped 0 codebookSubset= nonCoherent
0 1 layer: TPMI=0
1 1 layer: TPMI=1
2 2 layers: TPMI=0
3 1 layer: TPMI=2
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Table 7.3.1.1.2-5: Precoding information and number of layers, for 2 antenna ports, if transform
precoder is enabled and ul-FullPowerTransmission is not configured or configured to
fullpowerMode2 or configured to fullpower, or if transform precoder is disabled, maxRank = 1, and
and ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to

fullpower
Bit field codebookSubset = Bit field
mapped | fullyAndPartialAndNonCoheren | mapped CeEnogiGUnSERS
. . nonCoherent
to index t 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 humber of layers, for 2 antenna ports, if transform
precoder is enabled and ul-FullPowerTransmission = fullpowerModel, or if transform precoder is
disabled, maxRank = 1, and ul-FullPowerTransmission = fullpowerMode1

Bl flel?nrgg)p()ped i codebookSubset= nonCoherent
0 1 layer: TPMI=0
1 1 layer: TPMI=1
2 1 layer: TPMI=2
3 Reserved

Table 7.3.1.1.2-6: Antenna port(s), transform precoder is enabled, dmrs-Type=1, maxLength=1, except
that dmrs-UplinkTransformPrecoding and tp-pi2BPSK are both configured and 11/2-BPSK modulation

is used
Number of DMRS

Value CDM group(s) S
without data 20 E)

0 2 0

1 2 1

2 2 2

3 2 3

Table 7.3.1.1.2-6 A: Antenna port(s), transform precoder is enabled, dmrs-UplinkTransformPrecoding
and tp-pi2BPSK are both configured, 11/2-BPSK modulation is used, dmrs-Type=1, maxLength=1

Number of DMRS

Value CDM group(s) S
without data port(s)

0 2 0, Nscip= 0

1 2 0, Nsco= 1

2 2 2, Nscip= 0

3 2 2, Nscp= 1
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Table 7.3.1.1.2-7: Antenna port(s), transform precoder is enabled, dmrs-Type=1, maxLength=2, except
that dmrs-UplinkTransformPrecoding and tp-pi2BPSK are both configured and 11/2-BPSK modulation

is used
V. Number of DMRS CDM group(s) without DMRS Number of front-load
alue
data port(s) symbols
0 2 0 1
1 2 1 1
2 2 2 1
3 2 3 1
4 2 0 2
5 2 1 2
6 2 2 2
7 2 3 2
8 2 4 2
9 2 5 2
10 2 6 2
11 2 7 2
12-15 Reserved Reserved Reserved

Table 7.3.1.1.2-7A: Antenna port(s), transform precoder is enabled, dmrs-UplinkTransformPrecoding
and tp-pi2BPSK are both configured, 1t/2-BPSK modulation is used, dmrs-Type=1, maxLength=2

Value

Number of DMRS CDM group(s) without
data

DMRS
port(s)

Number of front-load
symbols

o

2

0, Nscio= 0

0, Nsco=1

2, Nscio= 0

2, Nsco= 1

0, Nscio=0

0, Nscio= 1

2, Nsco=0

2, Nscio= 1

4, nscio= 0

OOV [W|IN(|F

4, nsco=1

NINININ[ININININININ

6, Nscio= 0

NIN[NININININ(FR|FP(FP]F-

2

6, Nsco=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
v Number of DMRS CDM group(s) without DMRS
alue
data 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 DMRS
data 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
Number of DMRS CDM group(s) without DMRS
Value
data 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
Number of DMRS CDM group(s) without DMRS
Value
data 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
Number of DMRS CDM group(s) without DMRS Number of front-load
Value
data port(s) 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
V. Number of DMRS CDM group(s) without DMRS Number of front-load
alue
data port(s) symbols
0 1 0,1 1
1 2 0,1 1
2 2 2,3 1
3 2 0,2 1
4 2 0,1 2
5 2 2,3 2
6 2 4,5 2
7 2 6,7 2
8 2 0,4 2
9 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
Number of DMRS CDM group(s) without DMRS Number of front-load
Value

data port(s) 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
V. Number of DMRS CDM group(s) without DMRS Number of front-load
alue
data port(s) 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
v Number of DMRS CDM group(s) without DMRS
alue
data 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
V Number of DMRS CDM group(s) without DMRS
alue
data port(s)
0 1 0,1
1 2 0,1
2 2 2,3
3 3 0,1
4 3 2,3
5 3 45
6 2 0,2
7-15 Reserved Reserved

Table 7.3.1.1.2-18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank

=3
Number of DMRS CDM group(s) without DMRS
Value
data port(s)
0 2 0-2
1 3 0-2
2 3 3-5
3-15 Reserved Reserved

Table 7.3.1.1.2-19: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank

=4
Number of DMRS CDM group(s) without DMRS
Value
data 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
V. Number of DMRS CDM group(s) without DMRS Number of front-load
alue
data port(s) 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
V. Number of DMRS CDM group(s) without DMRS Number of front-load
alue
data port(s) 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
V. Number of DMRS CDM group(s) without DMRS Number of front-load
alue
data port(s) symbols
0 2 0-2 1
1 3 0-2 1
2 3 3-5 1
3 3 0,1,6 2
4 3 2,38 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
V. Number of DMRS CDM group(s) without DMRS Number of front-load
alue
data port(s) 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 DCI format0_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’

2] layer parameter srs-TPC-PDCCH-
Group set to 'typeB'
00 No aperiodic SRS resource set No aperiodic SRS resource set triggered
triggered
SRS resource set(s) configured by SRS resource set(s) configured with higher layer
SRS-ResourceSet with higher layer parameter usage in SRS-ResourceSet set to
parameter aperiodicSRS- ‘antennaSwitching' and resourceType in SRS-
ResourceTrigger set to 1 or an entry in ResourceSet set to 'aperiodic' for a 1 set of
aperiodicSRS-ResourceTriggerList set serving cells configured by higher layers
tol
01
SRS resource set(s) configured by
SRS-PosResourceSet with an entry in
aperiodicSRS-ResourceTriggerList set
to 1 when triggered by DCI formats 0_1,
0211andl1 2
SRS resource set(s) configured by SRS resource set(s) configured with higher layer
SRS-ResourceSet with higher layer parameter usage in SRS-ResourceSet set to
parameter aperiodicSRS- ‘antennaSwitching' and resourceType in SRS-
ResourceTrigger set to 2 or an entry in ResourceSet set to ‘aperiodic' for a 2™ set of
aperiodicSRS-ResourceTriggerList set serving cells configured by higher layers
to 2
10
SRS resource set(s) configured by
SRS-PosResourceSet with an entry in
aperiodicSRS-ResourceTriggerList set
to 2 when triggered by DCI formats 0_1,
0211 andl 2
SRS resource set(s) configured by SRS resource set(s) configured with higher layer
SRS-ResourceSet with higher layer parameter usage in SRS-ResourceSet set to
parameter aperiodicSRS- ‘antennaSwitching' and resourceType in SRS-
ResourceTrigger set to 3 or an entry in ResourceSet set to 'aperiodic' for a 3 set of
aperiodicSRS-ResourceTriggerList set serving cells configured by higher layers
to3
11
SRS resource set(s) configured by
SRS-PosResourceSet with an entry in
aperiodicSRS-ResourceTriggerList set
to 3 when triggered by DCI formats 0_1,
0211 andl 2
Table 7.3.1.1.2-25: PTRS-DMRS association for UL PTRS port 0
Value DMRS port
0 1% scheduled DMRS port
1 2" scheduled DMRS port
2 3" scheduled DMRS port
3 4" scheduled DMRS port
Table 7.3.1.1.2-26: PTRS-DMRS association for UL PTRS ports 0 and 1
Value of MSB DMRS port Value of LSB DMRS port
0 1% DMRS port which shares 0 1% 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
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Table 7.3.1.1.2-28: SRI indication for non-codebook based PUSCH transmission, Lmax_l
Bit field SRI(s), Bit field SRI(s), Bit field SRI(S),
mapped to N. =2 mapped to N...=3 mapped to N. =4
index SRS index SRS index SRS
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: SRI indication for non-codebook based PUSCH transmission, LmaX_Z
Bit field SRI(S), Bit field SRI(S), Bit field SRI(S),
mapped to N. =2 mapped to N.. =3 mapped to N. =4
index SRS index SRS index SRS
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: SRI indication for non-codebook based PUSCH transmission, Lmax_3
Bit field SRI(S), Bit field SRI(s), Bit field SRI(S),
mapped to N. =2 mapped to N.. =3 mapped to N. =4
index SRS index SRS index SRS
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: SRI indication for non-codebook based PUSCH transmission, Lmax_4
Bit field SRI(s), Bit field SRI(s), Bit field SRI(s),
mapped to — mapped to — mapped to —
index NSRS_z index NSR5_3 index N5R5_4
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 0,12
11 0,1,3
12 0,2,3
13 1,2,3
14 0,1,2,3
15 reserved

Table 7.3.1.1.2-32: SRl indication for codebook based PUSCH transmission, if ul-
FullPowerTransmission is not configured, or ul-FullPowerTransmission = fullpowerMode1, or ul-

FullPowerTransmission = fullpowerMode2, or ul-FullPowerTransmission = fullpower and N jz3=2

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

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

FullPowerTransmission = fullpowerMode2 and N g,c=3

Bit field mapped to index SRI(s), Ngps=3
0 0
1 1
2 2
3 Reserved

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

FullPowerTransmission = fullpowerMode2 and Ny ;=4

Bit field mapped to index SRI(s), Ngs=4
0 0
1 1
2 2
3 3
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Table 7.3.1.1.2-33: Joint indication of minimum applicable scheduling offset KO/K2

Bit field mapped to index

Minimum applicable KO for the
active DL BWP, if
minimumSchedulingOffsetKO0 is
configured for the DL BWP

Minimum applicable K2 for the
active UL BWP, if
minimumSchedulingOffsetK2 is
configured for the UL BWP

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

0 The first value configured by The first value configured by
minimumSchedulingOffsetKO for the | minimumSchedulingOffsetK2 for the
active DL BWP active UL BWP
1 The second value configured by The second value configured by

minimumSchedulingOffsetK2 for the
active UL BWP if the second value is
configured; 0 otherwise

Table 7.3.1.1.2-34: Redundancy version

Value of the Redundancy rv )
version field Value of id  to be applied

0 0

1 2
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Table 7.3.1.1.2-35: Allowed entries for DCI format 0_1, configured by higher layer parameter ul-

AccessConfigListDCI-0-1

Entry T_he CP ext_ensi(_)n 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 4.2.1.2.3in 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 O_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-RNTT or CS-
RNTI or SP-CSI-RNTI or MCS-C-RNTTI:

- 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, 1, 2 or 3 bits determined by higher layer parameter carrierIndicatorSizeDCI-0-2, 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  Npgyp ppc  configured by
higher layers, excluding the initial UL bandwidth part. The bitwidth for this field is determined as

[1og,(ngyp)] bits, where

Npywp=Npyp gre 1 if  Npyp pre <3, in which case the bandwidth part indicator is equivalent to the
ascending order of the higher layer parameter BWP-Id,

otherwise Mgy p=Npgyp prc » 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:

Nype  bits if only resource allocation type 0 is configured, where N pg; is defined in Clause
6.1.2.2.1 of [6, TS 38.214]

flogz(NRBG’K1 (NRBG’K 1+ 1)/2) | bits if only resource allocation type 1 is configured, or
max ([ log, (NRBG,K1(NRBG,K1+1)/2) ],NRBG)+ 1 bits if resourceAllocationDCI-0-2-r16 is

configured as 'dynamicSwitch', where Nz ., =[ (Ngg’BWP+(Nsmn mod K 1))/K1 !,

UL, BWP
UL, BWP . . . . start . . .
Nig is the size of the active UL bandwidth part, Ny zyp is defined as in clause 4.4.4.4 of [4,

TS38.211]and K 1 is given by higher layer parameter resourceAllocationTypelGranularityDCI-0-2. 1f
the higher layer parameter resourceAllocationTypel GranularityDCI-0-2 is not configured, K 1 is equal
to 1.

If resourceAllocationDCI-0-2-r16 is configured as 'dynamicSwitch', 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 Npg- 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 flogz(NRBG,Kl (NRBG’K 1+ 1)/2) ] LSBs provide the resource
allocation as follows:

- For PUSCH hopping with resource allocation type 1:

- N uL,, MSB bits are used to indicate the frequency offset according to Clause 6.3 of [6, TS
38.214], where N UL, — 1 if the higher layer parameter frequencyHoppingOffsetListsDCI-0-2

contains two offset values and IV UL;wp:2 if the higher layer parameter
frequencyHoppingOffsetListsDCI-0-2 contains four offset values

- [ log2(N RBG.K1 (N rBG, k1T 1)/ 2) ]-N ur,, 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:

- [ logz(N RBG,K1 (N reG. k17T 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
resourceAllocationDCI-0-2-r16 is configured as 'dynamicSwitch' 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, 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 [ log2(I ) |  bits, where I is the number of entries in the higher layer
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parameter pusch-TimeDomainAllocationListDCI-0-2 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-
TimeDomainAllocationListDCI-0-2 is not configured; otherwise I is the number of entries in the default table.

- Frequency hopping flag — 0 or 1 bit:
- 0 bit if the higher layer parameter frequencyHoppingDCI-0-2 is not configured;

- 1 bit according to Table 7.3.1.1.1-3 otherwise, only applicable to resource allocation type 1, as defined in
Clause 6.3 of [6, TS 38.214].

- Modulation and coding scheme -5 bits as defined in Clause 6.1.4.1 of [6, TS 38.214]

- New data indicator — 1 bit

- Redundancy version — 0, 1 or 2 bits determined by higher layer parameter numberOfBitsForRV-DCI-0-2
- If 0 bit is configured, rvi 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 harq-ProcessNumberSizeDCI-
0-2

- Downlink assignment index — 0, 1, 2 or 4 bits

- 0 bit if the higher layer parameter downlinkAssignmentIndexDCI-0-2 is not configured;

- 1, 2 or 4 bits otherwise,
1* downlink 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 and if higher layer parameter
priorityIndicatorDCI-0-2 is configured, 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|L. . Negs)

[log, Z

k=1

Nrs
k

) ] [1og, N g1 N grs
- SRS resource indicator — or bits, where is the
number of configured SRS resources in the SRS resource set configured by higher layer parameter srs-
ResourceSetToAddModListDCI-0-2, and associated with the higher layer parameter usage of value 'codeBook' or
'nonCodeBook’,

inl
mln\Lmax,N

[log, Z ) ]
k=1 bits according to Tables 7.3.1.1.2-28/29/30/31 if the higher layer parameter
txConfig = nonCodebook, where N g is the number of configured SRS resources in the SRS resource
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set configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2, and associated with the
higher layer parameter usage of value 'nonCodeBook' and

- if UE supports operation with maxMIMO-LayersDCI-0-2 and the higher layer parameter maxMIMO-
LayersDCI-0-2 of PUSCH-ServingCellConfig of the serving cell is configured, L. is given by that
parameter

- otherwise, Lnq is given by the maximum number of layers for PUSCH supported by the UE for the
serving cell for non-codebook based operation.

[log,N SRS I bits according to Tables 7.3.1.1.2-32 if the higher layer parameter txConfig = codebook,

where  Ngps is the number of configured SRS resources in the SRS resource set configured by higher

layer parameter srs-ResourceSetToAddModListDCI-0-2, and associated with the higher layer parameter
usage of value 'codeBook'.

- 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, ul-
FullPowerTransmission is not configured or configured to fullpowerMode?2 or configured to fullpower, and
according to whether transform precoder is enabled or disabled, and the values of higher layer parameters
maxRankDCI-0-2, and codebookSubsetDCI-0-2;

4 or 5 bits according to Table 7.3.1.1.2-2A for 4 antenna ports, if txConfig = codebook, ul-
FullPowerTransmission =fullpowerModel, the values of higher layer parameters maxRankDCI-0-2=2,
transform precoder is disabled, and according to the value of higher layer parameter codebookSubsetDCI-0-2;

4 or 6 bits according to Table 7.3.1.1.2-2B for 4 antenna ports, if txConfig = codebook, ul-
FullPowerTransmission =fullpowerModel, the values of higher layer parameters maxRankDCI-0-2=3 or 4,
transform precoder is disabled, and according to the value of higher layer parameter codebookSubsetDCI-0-2;

2, 4, or 5 bits according to Table 7.3.1.1.2-3 for 4 antenna ports, if txConfig = codebook, ul-
FullPowerTransmission is not configured or configured to fullpowerMode?2 or configured to fullpower, and
according to whether transform precoder is enabled or disabled, and the values of higher layer parameters
maxRankDCI-0-2 and codebookSubsetDCI-0-2;

3 or 4 bits according to Table 7.3.1.1.2-3A for 4 antenna ports, if txConfig = codebook, ul-
FullPowerTransmission =fullpowerModel, maxRankDCI-0-2=1, and according to whether transform
precoder is enabled or disabled, and the value of higher layer parameter codebookSubsetDCI-0-2;

2 or 4 bits according to Table7.3.1.1.2-4 for 2 antenna ports, if txConfig = codebook, ul-
FullPowerTransmission is not configured or configured to fullpowerModeZ2 or configured to fullpower, and
according to whether transform precoder is enabled or disabled, and the values of higher layer parameters
maxRankDCI-0-2 and codebookSubsetDCI-0-2;

2 bits according to Table 7.3.1.1.2-4A for 2 antenna ports, if txConfig = codebook, ul-
FullPowerTransmission =fullpowerModel, transform precoder is disabled, the maxRankDCI-0-2=2, and
codebookSubsetDCI-0-2=nonCoherent;

1 or 3 bits according to Table7.3.1.1.2-5 for 2 antenna ports, if txConfig = codebook, ul-
FullPowerTransmission is not configured or configured to fullpowerMode?2 or configured to fullpower, and
according to whether transform precoder is enabled or disabled, and the values of higher layer parameters
maxRankDCI-0-2 and codebookSubsetDCI-0-2;

2 bits according to Table 7.3.1.1.2-5A for 2 antenna ports, if txConfig = codebook, ul-
FullPowerTransmission =fullpowerModel, maxRankDCI-0-2=1, and according to whether transform
precoder is enabled or disabled, and the value of higher layer parameter codebookSubsetDCI-0-2.

For the higher layer parameter txConfig=codebook, if ul-FullPowerTransmission is configured to fullpowerMode2,
the values of higher layer parameters maxRankDCI-0-2 is configured to be larger than 2, and at least one SRS
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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 an SRS resource
among the configured SRS resources in an SRS resource set with usage set to 'codebook’. If the number of ports for
a configured SRS resource in the set is less than the maximum number of ports in an SRS resource among the
configured SRS resources, a number of most significant bits with value set to '0" are inserted to the field.

Antenna ports — number of bits determined by the following:
- 0 bit if higher layer parameter antennaPortsFieldPresenceDCI-0-2 is not configured;
- 2,3, 4, or5 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,
except that dmrs-UplinkTransformPrecoding and tp-pi2BPSK are both configured and n/2 BPSK
modulation is used;

- 2 bits as defined by 7.3.1.1.2-6A, if transform precoder is enabled, and dmrs-UplinkTransformPrecoding
and tp-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 6.4.1.1.1.2, in [4, 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 dmrs-UplinkTransformPrecoding and tp-pi2BPSK are both configured and /2 BPSK
modulation is used;

- 4 bits as defined by Tables 7.3.1.1.2-7A, if transform precoder is enabled, and dmrs-
UplinkTransformPrecoding and tp-pi2BPSK are both configured, n/2 BPSK modulation is used, dmrs-
Type=1, and maxLength=2, where nscp is the scrambling identity for antenna ports defined in Clause
6.4.1.1.1.2, in [4, 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;

- 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-DCI-0-2 and dmrs-UplinkForPUSCH-
MappingTypeB-DCI-0-2 and is configured with antennaPortsFieldPresenceDCI-0-2, the bitwidth of this field

equals Max x,, x B} ,where X, isthe "Antenna ports" bitwidth derived according to dmrs-
UplinkForPUSCH-MappingTypeA-DCI-0-2 and X is the "Antenna ports" bitwidth derived according to
dmrs-UplinkForPUSCH-MappingTypeB-DCI-0-2. A number of |X A X B| zeros are padded in the MSB of
this field, if the mapping type of the PUSCH corresponds to the smaller value of X, and Xj

3GPP



Release 16 127 3GPP TS 38.212 V16.4.0 (2020-12)

If a UE is not configured with higher layer parameter antennaPortsFieldPresenceDCI-0-2, antenna port(s) are
defined assuming bit field index value 0 in Tables 7.3.1.1.2-6 to 7.3.1.1.2-23.

- SRS request — 0, 1, 2 or 3 bits
- 0 bit if the higher layer parameter srs-RequestDCI-0-2 is not configured;

- 1 bit as defined by Table 7.3.1.1.3-1 if higher layer parameter srs-RequestDCI-0-2 = 1 and for UEs not
configured with supplementaryUplink in ServingCellConfig in the cell;

- 2 bits if higher layer parameter srs-RequestDCI-0-2 = 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 srs-RequestDCI-0-2 = 2 and for UEs not
configured with supplementaryUplink in ServingCellConfig in the cell;

- 3 bits if higher layer parameter srs-RequestDCI-0-2 = 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;

- CSlIrequest—0, 1, 2, 3, 4, 5, or 6 bits determined by higher layer parameter reportTriggerSizeDCI-0-2.
- PTRS-DMRS association — number of bits determined as follows

- 0 bit if PTRS-UplinkConfig is not configured in either dmrs-UplinkForPUSCH-MappingTypeA or dmrs-
UplinkForPUSCH-MappingTypeB and transform precoder is disabled, or if transform precoder is enabled, or
if maxRankDCI-0-2=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) when one PT-RS port and two PT-RS ports are configured by
maxNrofPorts in PTRS-UplinkConfig respectively, and the DMRS ports are indicated by the Antenna ports
field.

If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and the
"PTRS-DMRS association" field is present for the indicated bandwidth part but not present for the active
bandwidth part, the UE assumes the "PTRS-DMRS association" field is not present for the indicated bandwidth
part.

- beta_offset indicator — 0 bit if the higher layer parameter betaOffsets = semiStatic; otherwise 1 bit if 2 offset
indexes are configured by higher layer parameter dynamicDCI-0-2 as defined by Table 9.3-3A in [5, TS 38.213],
and 2 bits if 4 offset indexes are configured by higher layer parameter dynamicDCI-0-2 as defined by Table 9.3-3
in [5, TS 38.213].

When two HARQ-ACK codebooks are configured for the same serving cell and if higher layer parameter
priorityIndicatorDCI-0-2 is configured, if the bit width of the beta_offset indicator in DCI format 0_2 for one
HARQ-ACK codebook is not equal to that of the beta_offset indicator in DCI format 0_2 for the other HARQ-
ACK codebook, a number of most significant bits with value set to '0" are inserted to smaller beta_offset
indicator until the bit width of the beta_offset indicator in DCI format 0_2 for the two HARQ-ACK codebooks
are the same.

- DMRS sequence initialization — 0 or 1 bit

- 0 bit if the higher layer parameter dmrs-SequencelnitializationDCI-0-2 is not configured or if transform
precoder is enabled;

- 1 bit if transform precoder is disabled and the higher layer parameter dmrs-SequencelnitializationDCI-0-2 is
configured.

- UL-SCH indicator — 1 bit. A value of "1" indicates UL-SCH shall be transmitted on the PUSCH and a value of
"0" indicates UL-SCH shall not be transmitted on the PUSCH. Except for DCI format 0_2 with CRC scrambled
by SP-CSI-RNTI, a UE is not expected to receive a DCI format 0_2 with UL-SCH indicator of "0" and CSI
request of all zero(s).

- Open-loop power control parameter set indication — 0 or 1 or 2 bits.
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- 0 bit if the higher layer parameter p0-PUSCH-SetList is not configured;

- 1 or 2 bits otherwise,

- 1 bit if SRS resource indicator is present in the DCI format 0_2;

- 1 or 2 bits as determined by higher layer parameter olpc-ParameterSetDCI-0-2 if SRS resource indicator

is not present in the DCI format 0_2;

- Priority indicator — 0 bit if higher layer parameter priorityIndicatorDCI-0-2 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 invalidSymbolPatternIndicatorDCI-0-2 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-RNTT is larger than
corresponding bit width of same field in DCI format 0_2 with CRC scrambled by C-RNTI for the same serving cell. If
the bit width of a field in the DCI format 0_2 with CRC scrambled by CS-RNTT 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-RNTT 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
field

Triggered aperiodic SRS resource
set(s) for DCI format 0_2 and 1_2

0

No aperiodic SRS resource set
triggered

SRS resource set(s) configured with
higher layer parameter aperiodicSRS-
ResourceTrigger set to 1 or an entry in
aperiodicSRS-ResourceTriggerList set
tol

7.3.1.2 DCI formats for scheduling of PDSCH

7.3.1.2.1 Format1 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-RNTT or CS-

RNTT or MCS-C-RNTT:

- Identifier for DCI formats — 1 bits

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

- Frequency domain resource assignment — UOgZ( Nrs

clause 7.3.1.0

DL,BWP ( 5, DL,BWP DL,BWP
(N BT 1)/2)] bits where ~'RB is given by

If the CRC of the DCI format 1_0 is scrambled by C-RNTT 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-PreambleIndex 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

3GPP



Release 16 129 3GPP TS 38.212 V16.4.0 (2020-12)

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-to-PRB mapping — 1 bit according to Table 7.3.1.2.2-5

Modulation and coding scheme — 5 bits as defined in Clause 5.1.3 of [6, TS 38.214]

New 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 DAI
TPC command for scheduled PUCCH - 2 bits as defined in Clause 7.2.1 of [5, TS 38.213]
PUCCH resource indicator — 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]
PDSCH-to-HARQ_feedback timing indicator — 3 bits as defined in Clause 9.2.3 of [5, TS38.213]

Channel Access-CPext — 2 bits indicating combinations of channel access type and CP extension as defined in
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-RNTT:

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.

[logy N (W™ 1)12)]

Frequency domain resource assignment — bits. If only the short message is

carried, this bit field is reserved.

NDL,BWP
- RB 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-RNTTI:
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o (N2

Frequency domain resource assignment — bits

DLBWP
- RB 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-RNTT or MsgB-

RNTT:

[loga( N (N +1)/2]]

Frequency domain resource assignment — bits

NDL,BWP NDL,BWP
- RB is the size of CORESET 0 if CORESET 0 is configured for the cell and ~ ®8 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-RNTT as defined in Clause 8.2A of
[5, TS 38.213] if msgB-responseWindow is configured to be larger than 10 ms; or 2 bits for the DCI format 1_0
with CRC scrambled by RA-RNTT as defined in Clause 8.2 of [5, TS 38.213] for operation in a cell with shared
spectrum channel access if ra-ResponseWindow or ra-ResponseWindow-v1610 is configured to be larger than 10
ms; 0 bit otherwise

Reserved bits — (16 — A) bits for operation in a cell without shared spectrum access, (18 — A) for operation in a
cell with shared spectrum access, where the value of A is the number of bits for the field of 'LSBs of SFN' as
defined above

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

Identifier for DCI formats — 1 bit

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

[logy( N (N +1)/2]]

Frequency domain resource assignment — bits

NDL,BWP
- RB 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
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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

- 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 Formatl_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-RNTTI or CS-
RNTI or MCS-C-RNTT:

- 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 Mewe rrc configured by
higher layers, excluding the initial DL bandwidth part. The bitwidth for this field is determined as

“OgZ ( Mgwp )] bits, where

= + o N . . . N . .
- Mgwp = MBweRrC 1 if "BWPRRC * , in which case the bandwidth part indicator is equivalent to the

ascending order of the higher layer parameter BWP-Id,;

n

n

- otherwise Mgwp = BWPRRC | 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.

DL,BWP
- Frequency domain resource assignment — number of bits determined by the following, where Nrg is the

size of the active DL bandwidth part:
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Nreg bits if only resource allocation type 0 is configured, where N is defined in Clause 5.1.2.2.1
of [6, TS38.214],
DL,BWP [ ,DL,BWP
- Hogz( Nya (NRB * 1) /Zﬂ bits if only resource allocation type 1 is configured, or

max| [log, (NP5 (NREP""+1)/2)], Ny +1

'dynamicSwitch'.

bits if resourceAllocation is configured as

- If resourceAllocation is configured as 'dynamicSwitch', 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 Newe LSBs provide the resource allocation as defined in Clause
5.1.2.2.1 of [6, TS 38.214].

DL,BWP DL,BWP
- For resource allocation type 1, the [lOgZ( Nrs (NRB * 1)/2)]
as defined in Clause 5.1.2.2.2 of [6, TS 38.214]

LSBs provide the resource allocation

If "Bandwidth part indicator” field indicates a bandwidth part other than the active bandwidth part and if
resourceAllocation is configured as 'dynamicSwitch' for the indicated bandwidth part, the UE assumes resource
allocation type 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 “OgZ( I ﬂ bits, where I is the number of entries in the higher layer
parameter pdsch-TimeDomainAllocationList if the higher layer parameter is configured; otherwise I 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 bit according 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 Hng(an‘l'l ﬂ bits, where "zP s 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 maxNrofCode WordsScheduledByDCI equals 2):

- Modulation and coding scheme — 5 bits as defined in Clause 5.1.3.1 of [6, TS 38.214]
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- 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.

- 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=true = enable. The 4 MSB bits are the counter DAT 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-Total DAI-
Included=true = 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-r16= enhancedDynamic, and nfi-Total DAI-
Included=true is not configured, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total
DAJ;

- 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 coresetPoollndex with
value 0 for one or more first CORESETSs and is provided coresetPoolIndex with value 1 for one or more
second CORESETS, and is provided ackNackFeedbackMode = joint, where the 2 MSB bits are the counter
DAI and the 2 LSB bits are the total DAI;

- 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-r16=enhancedDynamic, and nfi-Total DAI-
Included=true is not configured, when the UE is not configured with coresetPoolIndex or the value of
coresetPoollndex is the same for all CORESET: if coresetPoollndex is provided or the UE is not configured
with ackNackFeedbackMode = joint, where the 2 bits are the counter DAI;

- 0 bits otherwise.

If higher layer parameter priorityIndicatorDCI-1-1 is configured, if the bit width of the Downlink assignment
index in DCI format 1_1 for one HARQ-ACK codebook is not equal to that of the Downlink assignment index in
DCI format 1_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are
inserted to smaller Downlink assignment index until the bit width of the Downlink assignment index in DCI
format 1_1 for the two HARQ-ACK codebooks are the same.

- TPC command for scheduled PUCCH - 2 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 [10g2(1 )] bits, where I is the number of entries in the higher layer
parameter dl-DataToUL-ACK.

If higher layer parameter priorityIndicatorDCI-1-1 is configured, if the bit width of the PDSCH-to-
HARQ_feedback timing indicator in DCI format 1_1 for one HARQ-ACK codebook is not equal to that of the
PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 for the other HARQ-ACK codebook, a number
of most significant bits with value set to '0' are inserted to smaller PDSCH-to-HARQ_feedback timing indicator
until the bit width of the PDSCH-to-HARQ _feedback timing indicator in DCI format 1_1 for the two HARQ-
ACK codebooks are the same.
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One-shot HARQ-ACK request — 0 or 1 bit.

- 1 bit if 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-r16= enhancedDynamic;
- 0 bit otherwise.

New feedback indicator — 0, 1 or 2 bits.

- 1 bit if the higher layer parameter pdsch-HARQ-ACK-Codebook-r16= enhancedDynamic and the higher
layer parameter nfi-Total DAI-Included is not configured,;

- 2 bits if the higher layer parameter pdsch-HARQ-ACK-Codebook-r16= enhancedDynamic and the higher
layer parameter nfi-Total DAI-Included=true; the MSB corresponds to the scheduled PDSCH group, and the
LSB corresponds to the non-scheduled PDSCH group, as defined in [TS38.213] clause 9.1.3.3

- 0 bit otherwise.

Number of requested PDSCH group(s) — 0 or 1 bit.

- 1 bit if the higher layer parameter pdsch-HARQ-ACK-Codebook-r16= enhancedDynamic;
- 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 | 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 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-

X{XA’XB}

ma
MappingTypeB, the bitwidth of this field equals , where %A is the "Antenna ports" bitwidth

derived according to dmrs-DownlinkForPDSCH-MappingTypeA and X5 is the "Antenna ports" bitwidth derived

XA_XB|

according to dmrs-DownlinkForPDSCH-MappingTypeB. A number of | zeros are padded in the MSB of

this field, if the mapping type of the PDSCH corresponds to the smaller value of X2 and *B.

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 CORESETs 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
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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 (CBGTTI) — 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.

If higher layer parameter priorityIndicatorDCI-1-1 is configured, if the bit width of the CBG transmission
information in DCI format 1_1 for one HARQ-ACK codebook is not equal to that of the CBG transmission
information in DCI format 1_1 for the other HARQ-ACK codebook, a number of most significant bits with
value set to '0' are inserted to smaller CBG transmission information until the bit width of the CBG transmission
information in DCI format 1_1 for the two HARQ-ACK codebooks are the same.

- CBG flushing out information (CBGFI) — 1 bit if higher layer parameter codeBlockGroupFlushIndicator is
configured as "TRUE", 0 bit otherwise.

If higher layer parameter priorityIndicatorDCI-1-1 is configured, if the bit width of the CBG flushing out
information in DCI format 1_1 for one HARQ-ACK codebook is not equal to that of the CBG flushing out
information in DCI format 1_1 for the other HARQ-ACK codebook, a number of most significant bits with
value set to '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 priorityIndicatorDCI-1-1 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 [ 10g2 (I ) ] bits,

where [ is the number of entries in the higher layer parameter ul-AccessConfigListDCI-1-1 for operation in a cell
with shared spectrum channel access; otherwise 0 bit. One or more entries from Table 7.3.1.2.2-6 are configured
by the higher layer parameter ul-AccessConfigListDCI-1-1.

- Minimum applicable scheduling offset indicator — 0 or 1 bit
- 0 bit if higher layer parameter minimumSchedulingOffsetKO0 is not configured,;

- 1 bit if higher layer parameter minimumSchedulingOffsetKO0 is configured. The 1 bit indication is used to
determine the minimum applicable KO for the active DL BWP and the minimum applicable K2 value for the
active UL BWP, if configured respectively, according to Table 7.3.1.1.2-33. If the minimum applicable KO is
indicated, the minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL. BWP
shall be the same as the minimum applicable KO value.

- SCell dormancy indication — 0 bit if higher layer parameter dormancyGroupWithinActiveTime is not configured;
otherwise 1, 2, 3, 4 or 5 bits bitmap determined according to higher layer parameter
dormancyGroupWithinActiveTime, where each bit corresponds to one of the SCell group(s) configured by higher
layers parameter dormancyGroupWithinActiveTime, with MSB to LSB of the bitmap corresponding to the first to
last configured SCell group. 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 one-shot HARQ-ACK request is not present or set to '0', and all bits of frequency domain resource assignment
are set to 0 for resource allocation type 0 or set to 1 for resource allocation type 1 or set to 0 or 1 for dynamic
switch resource allocation type, this field is reserved and the following fields among the fields above are used for
SCell dormancy indication, where each bit corresponds to one of the configured SCell(s), with MSB to LSB of
the following fields concatenated in the order 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
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- 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.

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) DR
without data port(s)
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) DS
without data port(s)

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 Number of Number of
Value Pl CleL) i front-load Value ol el DMRS port(s) front-load
9 roup(s) port(s) 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 0,1,2,3,45,6,7 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 0,14 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 Res;}rve 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 Number of Number of
Value 2L (el AL front-load Value plilzs el DMRS port(s) front-load
.group(s) port(s) 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 0,14 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
DMRS CDM DMRS DMRS CDM DMRS
Value group(s) port(s) Value group(s) 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

3GPP



Release 16 140 3GPP TS 38.212 V16.4.0 (2020-12)

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
DMRS CDM DMRS DMRS CDM DMRS
Value group(s) port(s) Value group(s) 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

One codeword: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled
Number of Number of Number of Number of
Value RS DM il front-load Value R D DMRS port(s) front-load
_group(s) port(s) symbols _group(s) symbols
without data without data

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 45 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 45,10 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

3GPP



Release 16

143

3GPP TS 38.212 V16.4.0 (2020-12)

Table 7.3.1.2.2-4A: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2

One codeword: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled
Number of Number of Number of Number of
Value RS DM il front-load Value R D DMRS port(s) front-load
_group(s) port(s) symbols _group(s) symbols
without data without data

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 45 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 45,10 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 ul-

AccessConfigListDCI-1-1

Entry The CP_ extension Text index
. Channel Access Type defined in Clause 5.3.1 of [4, TS
index
38.211]

0 Type2C-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213] 0

1 Type2C-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213] 2

2 Type2B-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213] 0

3 Type2B-ULChannelAccess defined in [clause 4.2.1.2.3 in 37.213] 2

4 Type2A-ULChannelAccess defined in [clause 4.2.1.2.1 in 37.213] 0

5 Type2A-ULChannelAccess defined in [clause 4.2.1.2.1 in 37.213] 1

6 Type2A-ULChannelAccess defined in [clause 4.2.1.2.1 in 37.213] 3

7 Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213] 0

8 Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213] 1

9 Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213] 2

10 Typel-ULChannelAccess defined in [clause 4.2.1.1 in 37.213] 3

7.3.1.2.3 Format1l 2

DCI format 1_2 is used for the scheduling of PDSCH in one cell.

The following information is transmitted by means of the DCI format 1_2 with CRC scrambled by C-RNTT or CS-
RNTI or MCS-C-RNTTI:

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 carrierIndicatorSizeDCI-1-2, as defined
in Clause 10.1 of [5, TS38.213].

Bandwidth part indicator — 0, 1 or 2 bits as determined by the number of DL BWPs = Npyp ppc  configured by
higher layers, excluding the initial DL bandwidth part. The bitwidth for this field is determined as
[log,(ngyp)] bits, where

- Npywp=Npyp rrct 1 if n BWP,RRC = 3 , in which case the bandwidth part indicator is equivalent to the
ascending order of the higher layer parameter BWP-Id,

- otherwise Npgyp=Ngyp grc  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:

- Nype  bits if only resource allocation type 0 is configured, where Npp-  is defined in Clause
5.1.2.2.1 of [6, TS 38.214];
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- flogZ(NRBG,KZ (NRBG’K2+ 1)/2) | bits if only resource allocation type 1 is configured, or
max ([ log, (NRBG,KZ(NRBG,K2+1)/2) I, NRBG)+ 1 bits if resourceAllocationDCI-1-2-r16 is

configured as 'dynamicSwitch', where N oo 1= [(NEE’BWP+ (nggthmed K 2))/K 2],

N gé’BWP is the size of the active DL bandwidth part, N j;‘;f‘BWP is defined as in clause 4.4.4.4 of [4,

TS38.211]and K2 is determined by higher layer parameter resourceAllocationTypel GranularityDCI-
1-2. If the higher layer parameter resourceAllocationTypelGranularityDCI-1-2 is not configured, K2 is
equal to 1.

- If resourceAllocationDCI-1-2-r16 is configured as 'dynamicSwitch', 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 Npzz 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 [logZ(NRBG,KZ (NRBG,K ,+ 1)/2) | LSBs provide the resource
allocation as defined in Clause 5.1.2.2.2 of [6, TS 38.214]

If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and if
resourceAllocationDCI-1-2-r16 is configured as 'dynamicSwitch' for the indicated bandwidth part, the UE
assumes resource allocation type 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 [ logz(I ) | bits, where I is the number of entries in the higher layer

parameter pdsch-TimeDomainAllocationListDCI-1-2 if the higher layer parameter is configured, or I 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-
TimeDomainAllocationListDCI-1-2 is not configured; otherwise I 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-InterleaverDCI-1-2 is not configured,

- 1 bit according 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-BundlingTypeDCI-1-2 is not configured or
is set to 'static’, or 1 bit if the higher layer parameter prb-BundlingTypeDCI-1-2 is set to 'dynamic' according to
Clause 5.1.2.3 of [6, TS 38.214].

- Rate matching indicator — 0, 1, or 2 bits according to higher layer parameters rateMatchPatternGroup1DCI-1-2
and rateMatchPatternGroup2DCI-1-2, where the MSB is used to indicate rateMatchPatternGroup1DCI-1-2 and
the LSB is used to indicate rateMatchPatternGroup2DCI-1-2 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 nN,, is the number of aperiodic ZP CSI-RS resource sets
configured by higher layer parameter aperiodicZP-CSI-RS-ResourceSetsToAddModListDCI-1-2.

- 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-DCI-1-2
- If 0 bit is configured, rvis 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.

3GPP



Release 16 146 3GPP TS 38.212 V16.4.0 (2020-12)

HARAQ process number — 0, 1, 2, 3 or 4 bits determined by higher layer parameter harg-ProcessNumberSizeDCI-
1-2

Downlink assignment index — 0, 1, 2 or 4 bits
- 0 bit if the higher layer parameter downlinkAssignmentIndexDCI-1-2 is not configured;
- 1, 2 or 4 bits determined by higher layer parameter downlinkAssignmentIndexDCI-1-2 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

- 4 bits if one serving cell are 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 O for one or more first CORESETs and is provided coresetPoollndex with value 1 for one or more
second CORESETSs, and is provided ackNackFeedbackMode = joint, where the 2 MSB bits are the
counter DAI and the 2 LSB bits are the total DAL

- 1 or 2 bits if only one serving cell is configured in the DL and the higher layer parameter pdsch-HARQ-
ACK-Codebook=dynamic, when the UE is not configured with coresetPoolIndex or the value of
coresetPoollndex is the same for all CORESET: if coresetPoollndex is provided or the UE is not
configured with ackNackFeedbackMode = joint, where the 1 bit or 2 bits are the counter DAL

If higher layer parameter priorityIndicatorDCI-1-2 is configured, if the bit width of the Downlink assignment
index in DCI format 1_2 for one HARQ-ACK codebook is not equal to that of the Downlink assignment index in
DCI format 1_2 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are
inserted to smaller Downlink assignment index until the bit width of the Downlink assignment index in DCI
format 1_2 for the two HARQ-ACK codebooks are the same.

TPC command for scheduled PUCCH - 2 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
numberOfBitsForPUCCH-ResourcelndicatorDCI-1-2

PDSCH-to-HARQ _feedback timing indicator — 0, 1, 2, or 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]. The
bitwidth for this field is determined as [ logz(I ) |  bits, where I is the number of entries in the higher layer
parameter DL-DataToUL-ACK-DCI-1-2.

If higher layer parameter priorityIndicatorDCI-1-2 is configured, if the bit width of the PDSCH-to-
HARQ_feedback timing indicator in DCI format 1_2 for one HARQ-ACK codebook is not equal to that of the
PDSCH-to-HARQ_feedback timing indicator in DCI format 1_2 for the other HARQ-ACK codebook, a number
of most significant bits with value set to '0' are inserted to smaller PDSCH-to-HARQ_feedback timing indicator
until the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_2 for the two HARQ-
ACK codebooks are the same.

Antenna port(s) — 0, 4, 5, or 6 bits
- 0 bit if higher layer parameter antennaPortsFieldPresenceDCI-1-2 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

{ Dos--->» pV,J shall be determined according to the ordering of DMRS port(s) given by Tables 7.3.1.2.2-

1/2/3/4. 1f a UE is configured with both dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2 and dmrs-
DownlinkForPDSCH-MappingTypeB-DCI-1-2 and is configured with higher layer parameter

antennaPortsFieldPresenceDCI-1-2, the bitwidth of this field equals max {X A X B} , where X, isthe
"Antenna ports" bitwidth derived according to dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2 and
Xp is the "Antenna ports" bitwidth derived according to dmrs-DownlinkForPDSCH-MappingTypeB-

DCI-1-2. A number of |X A~ X B| zeros are padded in the MSB of this field, if the mapping type of the

PDSCH corresponds to the smaller valueof X, and Xj
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If a UE is not configured with higher layer parameter antennaPortsFieldPresenceDCI-1-2, 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-PresentDCI-1-2 is not configured;
otherwise 1 or 2 or 3 bits determined by higher layer parameter tci-PresentDCI-1-2 as defined in Clause 5.1.5 of
[6, TS38.214].

If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part,

- if the higher layer parameter tci-PresentDCI-1-2 is not configured for the CORESET used for the PDCCH
carrying the DCI format 1_2,

- the UE assumes tci-PresentDCI-1-2 is not configured for all CORESETs in the indicated bandwidth part;
- otherwise,

- the UE assumes tci-PresentDCI-1-2 is configured for all CORESETs in the indicated bandwidth part with
the same value configured for the CORESET used for the PDCCH carrying the DCI format 1_2.

- SRS request -0, 1, 2 or 3 bits
- 0 bit if the higher layer parameter srs-RequestDCI-1-2 is not configured;

- 1 bit as defined by Table 7.3.1.1.3-1 if the higher layer parameter srs-RequestDCI-1-2 = 1 and for UEs not
configured with supplementaryUplink in ServingCellConfig in the cell;

- 2 bits if the higher layer parameter srs-RequestDCI-1-2 = 1 and for UEs configured with
supplementaryUplink in ServingCellConfig in the cell, where the first bit is the non-SUL/SUL indicator as
defined in Table 7.3.1.1.1-1 and the second bit is defined by Table 7.3.1.1.3-1;

- 2 bits as defined by Table 7.3.1.1.2-24 if the higher layer parameter srs-RequestDCI-1-2 = 2 and for UEs not
configured with supplementaryUplink in ServingCellConfig in the cell;

- 3 bits if the higher layer parameter srs-RequestDCI-1-2 = 2 and for UEs configured with
supplementaryUplink in ServingCellConfig in the cell, where the first bit is the non-SUL/SUL indicator as
defined in Table 7.3.1.1.1-1 and the second and third bits are defined by Table 7.3.1.1.2-24;

- DMRS sequence initialization — 0 or 1 bit
- 0 bit if the higher layer parameter dmrs-SequencelnitializationDCI-1-2 is not configured,;
- 1 bit otherwise.

- Priority indicator — 0 bit if higher layer parameter priorityIndicatorDCI-1-2 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 v
version field Value of id  to be applied

0 0

1 3

7.3.1.3 DCI formats for other purposes
7.3.1.3.1 Format2 0

DCI format 2_0 is used for notifying the slot format, COT duration, available RB set, and search space set group
switching.
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The following information is transmitted by means of the DCI format 2_0 with CRC scrambled by SFI-RNTTI:
- If the higher layer parameter slotFormatCombToAddModList is configured,
- Slot format indicator 1, Slot format indicator 2, ..., Slot format indicator N,
- If the higher layer parameter availableRB-SetsToAddModList is configured,
- Available RB set Indicator 1, Available RB set Indicator 2, ..., Available RB set Indicator N1,
- If the higher layer parameter co-DurationsPerCellToAddModList is configured
- COT duration indicator 1, COT duration indicator 2, ..., COT duration indicator N2.
- If the higher layer parameter switchTriggerToAddModList is configured

- Search space set group switching flag 1, Search space set group switching flag 2, ..., Search space set group
switching flag M.

The size of DCI format 2_0 is configurable by higher layers up to 128 bits, according to Clause 11.1.1 of [5, TS
38.213].

7.3.1.3.2 Format 2_1

DCI format 2_1 is used for notifying the PRB(s) and OFDM symbol(s) where UE may assume no transmission is
intended for the UE.

The following information is transmitted by means of the DCI format 2_1 with CRC scrambled by INT-RNTT:
- 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-RNTT:

- 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 bit.

- 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 UEs.
Along with a TPC command, a SRS request may also be transmitted.
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The following information is transmitted by means of the DCI format 2_3 with CRC scrambled by TPC-SRS-RNTT:

- 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

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.

7.3.1.35 Format2_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 11.2A of [5, TS 38.213].

The following information is transmitted by means of the DCI format 2_4 with CRC scrambled by ci-RNTT:
- Cancellation indication 1, Cancellation indication 2, ..., Cancellation indication indication N.

The size of DCI format 2_4 is configurable by higher layers parameter dci-PayloadSizeForCI up to 126 bits, according
to Clause 11.2A of [5, TS 38.213]. The number of bits for each cancellation indication is configurable by higher layer
parameter ci-PayloadSize. For a UE, there is at most one cancellation indication for an UL carrier.

7.3.1.3.6 Format2 5
DCI format 2_5 is used for notifying the availability of soft resources as defined in Clause 9.3.1 of [10, TS 38.473]
The following information is transmitted by means of the DCI format 2_5 with CRC scrambled by AI-RNTI:

- Availability indicator 1, Availability indicator 2, ..., Availability indicator N.
The size of DCI format 2_5 is configurable by higher layers up to 128 bits, according to Clause 14 of [5, TS 38.213].
7.3.1.3.7 Format2_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-RNTT:

- block number 1, block number 2,..., block number N

where the starting position of a block is determined by the parameter ps-PositionDCI-2-6 provided by higher
layers for the UE configured with the block.
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If the UE is configured with higher layer parameter ps-RNTI and dci-Format2-6, one block is configured for the UE by
higher layers, with the following fields defined for the block:

Wake-up indication - 1 bit

SCell dormancy indication — 0 bit if higher layer parameter dormancyGroupOutsideActiveTime is not
configured; otherwise 1, 2, 3, 4 or 5 bits bitmap determined according to higher layer parameter
dormancyGroupOutsideActiveTime, where each bit corresponds to one of the SCell group(s) configured by
higher layers parameter dormancyGroupOutsideActiveTime, with MSB to LSB of the bitmap corresponding to
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].
7.3.14 DCI formats for scheduling of sidelink
7.3.1.4.1 Format3 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-

RNTTL

Resource pool index — [ log, I | bits, where I is the number of resource pools for transmission configured
by the higher layer parameter sl-TxPoolScheduling.

Time gap — 3 bits determined by higher layer parameter sI-DCI-ToSL-Trans, as defined in clause 8.1.2.1 of [6,
TS 38.214]

HARQ process number — 4 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 — [ log,( N S&Channel) | bits as defined
in clause 8.1.2.2 of [6, TS 38.214]

SCI format 1-A fields according to clause 8.3.1.1:
- Frequency resource assignment.

- Time resource assignment.

PSFCH-to-HARQ feedback timing indicator — [ log2 N Puing ] bits, where N Prming is the number of
entries in the higher layer parameter sI-PSFCH-ToPUCCH, as defined in clause 16.5 of [5, TS 38.213]

PUCCH resource indicator — 3 bits as defined in clause 16.5 of [5, TS 38.213].

Configuration index — 0 bit if the UE is not configured to monitor DCI format 3_0 with CRC scrambled by SL-
CS-RNTT; otherwise 3 bits as defined in clause 8.1.2 of [6, TS 38.214]. If the UE is configured to monitor DCI
format 3_0 with CRC scrambled by SL-CS-RNTI, this field is reserved for DCI format 3_0 with CRC scrambled
by SL-RNTL

Counter sidelink assignment index — 2 bits

- 2 bits as defined in clause 16.5.2 of [5, TS 38.213] if the UE is configured with pdsch-HARQ-ACK-
Codebook = dynamic

- 2 bits as defined in clause 16.5.1 of [5, TS 38.213] if the UE is configured with pdsch-HARQ-ACK-
Codebook = semi-static

Padding bits, if required

If multiple transmit resource pools are provided in sI-TxPoolScheduling, zeros shall be appended to the DCI format 3_0
until the payload size is equal to the size of a DCI format 3_0 given by a configuration of the transmit resource pool
resulting in the largest number of information bits for DCI format 3_0.
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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 Semi-Persistent
Scheduling V-RNTTI:

- 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].
SL
- Lowest index of the subchannel allocation to the initial transmission - HlOgZ(N S“bchaﬂnel)ﬂ 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.

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 Gy 050y, 03,--,0 5 ,

and the parity bits by Po»P1sPy>P3s o5 Ppy ,where A isthe payload size and L is the number of parity bits.
a9, ,0,,a5,...,0 =1 o =01, L-1 ga TG o

a'y,a',a’,,a'y,..,a

!
Let A+L-1  be a bit sequence such that

i=L,L+1,...,A+L-1 . The parity bits are computed with input bit sequence A+L=1" and
attached according to Clause 5.1 by setting L to 24 bits and using the generator polynomial Iorcasc| D) . The
b,,b,b,,b,,...,b

output bit “02717 722732+ Tk g
bk:ak fOF k:O)laz;---;A_l
by=Pia for k=A,A+1,A+2,...,A+L-1

where K=A+L

After attachment, the CRC parity bits are scrambled with the corresponding RNTI Xenti 0> Xt 12> Xemii 15 , where

CyrCprCysCapennsC

X .
mti)  corresponds to the MSB of the RNTI, to form the sequence of bits ’"K-1 The relation

between ¢ and by is:

Ck:bk fork=0,1,2,..., A+7

=Dt X oag/mOd2 . Arg A4g CA+I0 | A+23
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7.3.3 Channel coding
CorC1rCpp s Oy , where K s

the number of bits, and they are encoded via Polar coding according to Clause 5.3.1, by setting Minax =3 , I,=1 ,

— wm _
n,-=0 Nnpc=0

Information bits are delivered to the channel coding block. They are denoted by

, and

dyd;,dyds...,d

After encoding the bits are denoted by 29 9%-1 where N is the number of coded bits.

7.3.4 Rate matching

The input bit sequence to rate matching is Ay dy,dyp-esyy

Rate matching is performed according to Clause 5.4.1 by setting Ty =0

The output bit sequence after rate matching is denoted as folvfy-fe

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.

- In clause 7.1.5, the rate matching output sequence length E = 1386 when higher layer parameter cyclicPrefix is
configured, otherwise, E = 1782.

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 6.2.5 by setting I} gp,, =0

- Clause 6.2.7 is replaced by clause 8.2.1

8.2.1 Data and control multiplexing

. SL-SCH _SL-SCH _SL-SCH _SL—SCH SL—SCH
Denote the coded bits for SL-SCH as g sg1 s> s J3 s Gonson_y
scr2  _sci2 _scr2 _sCI2 scr2

Denote the coded bits for the 2-stage SCL,as gy, g1 ,9> 93 > " "»ggsen_,

Denote the multiplexed data and control coded bit sequence as  gy,91> " *»9ds_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 gy,9;, " >gs_; s obtained as follows:
scr2 . nd

Denote Q) is modulation order of the 2"-stage SCL

if N,=1 ,

for i=0 to G24+GSLSCH_q

3GPP



Release 16 153

if 0<i<G '

SCI2

gi=Ji
end if

if GSCIZSiSGSCIZ+ GSL*SCH_I

g=gr g
end if
end for
end if
if N,=2 ,
let Miunt,SCIZZ GSCIZ/Q;CH

set m. =0

for i=0 to M 1

count ,SCI 2 -

for v=0 to N;—1
for g=0 to Q-1

if v=0

SCI2

gm~)¢ :giAQ;SnCIZ_‘_q

count

else

9n» =X J// placeholder bit

end if
R _ R
count mcount +1
end for
end for

end for

for i=0 to G 5H_1

_ SL-SCH
I, =9
" R
mcount - mcount +1
end for
end if

8.3 Sidelink control information on PSCCH

3GPP TS 38.212 V16.4.0 (2020-12)

SCI carried on PSCCH is a 1*-stage SCI, which transports sidelink scheduling information.
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8.3.1  1°-stage SCI formats

The fields defined in each of the 1*-stage SCI formats below are mapped to the information bits d, to d,_; 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 4, 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 1-A
SCI format 1-A is used for the scheduling of PSSCH and 2™-stage-SCI on PSSCH
The following information is transmitted by means of the SCI format 1-A:

- Priority — 3 bits as specified in clause 5.4.3.3 of [12, TS 23.287] and clause 5.22.1.3.1 of [8, TS 38.321].

SL
subChannel

SL
subChannel

1
) ) ] bits when the value of the

- Frequency resource assignment — [ log,(
2

higher layer parameter sI-MaxNumPerReserve is configured to 2; otherwise

SL SL SL
subChannel N subChannel + 1)(2N subChannel +1

N
[ log, ( 5 ) ]  bits when the value of the higher layer
parameter sl-MaxNumPerReserve is configured to 3, as defined in clause 8.1.5 of [6, TS 38.214].

- Time resource assignment — 5 bits when the value of the higher layer parameter sl-MaxNumPerReserve is
configured to 2; otherwise 9 bits when the value of the higher layer parameter sl-MaxNumPerReserve is
configured to 3, as defined in clause 8.1.5 of [6, TS 38.214].

- Resource reservation period — [ logz N SV o ] bits as defined in clause 16.4 of [5, TS 38.213], where

N rsv,., 1S the number of entries in the higher layer parameter sl-ResourceReservePeriodList, if higher layer
parameter sl-MultiReserveResource is configured; 0 bit otherwise.

- DMRS pattern — [ log, N pattern | bits as defined in clause 8.4.1.1.2 of [4, TS 38.211], where N patern 1
the number of DMRS patterns configured by higher layer parameter sI-PSSCH-DMRS-TimePatternList.

- 2"-stage SCI format — 2 bits as defined in Table 8.3.1.1-1.

- Beta_offset indicator — 2 bits as provided by higher layer parameter sl-BetaOffsets2ndSCI and Table 8.3.1.1-2.
- Number of DMRS port — 1 bit as defined in Table 8.3.1.1-3.

- Modulation and coding scheme — 5 bits as defined in clause 8.1.3 of [6, TS 38.214].

- Additional MCS table indicator — as defined in clause 8.1.3.1 of [6, TS 38.214]: 1 bit if one MCS table is
configured by higher layer parameter sl-Additional-MCS-Table; 2 bits if two MCS tables are configured by
higher layer parameter sl- Additional-MCS-Table; 0 bit otherwise.

- PSFCH overhead indication — 1 bit as defined clause 8.1.3.2 of [6, TS 38.214] if higher layer parameter sI-
PSFCH-Period = 2 or 4; 0 bit otherwise.

- Reserved — a number of bits as determined by higher layer parameter sl-NumReservedBits, with value set to zero.
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Table 8.3.1.1-1: 2"-stage SCI formats

RIS f?)t;r;(:}si;?c?e el 2nd-stage SCI format
00 SCI format 2-A
01 SCI format 2-B
10 Reserved
11 Reserved

Table 8.3.1.1-2: Mapping of Beta_offset indicator values to indexes in Table 9.3-2 of [5, TS38.213]

Value_of |_3eta_offset Beta_offset index in Table 9.3-2 of [5, TS38.213]
indicator

00 1st index provided by higher layer parameter s/-
BetaOffsets2ndSCl

o1 2nd index provided by higher layer parameter si-
BetaOffsets2ndSCI

10 3rd index provided by higher layer parameter s/-
BetaOffsets2ndSCI

1 4th index provided by higher layer parameter s/-
BetaOffsets2ndSClI

Table 8.3.1.1-3: Number of DMRS port(s)

Value of the Number of
DMRS port field
0 1000

1 1000 and 1001

Antenna ports

8.3.2 CRC attachment

CRC attachement is performed according to clause 7.3.2 except that scrambling is not performed.

8.3.3 Channel coding

Channel coding is performed according to clause 7.3.3.

8.3.4 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 @, to d,_; 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 d; 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 4,

84.1.1 SCI format 2-A

SCI format 2-A is used for the decoding of PSSCH, with HARQ operation when HARQ-ACK information includes
ACK or NACK, when HARQ-ACK information includes only NACK, or when there is no feedback of HARQ-ACK
information.

The following information is transmitted by means of the SCI format 2-A:
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- HARQ process number — 4  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 16.4 of [6, TS 38.214].

- Source ID — 8 bits as defined in clause 8.1 of [6, TS 38.214].

- Destination ID — 16 bits as defined in clause 8.1 of [6, TS 38.214].

-  HARAQ feedback enabled/disabled indicator — 1 bit as defined in clause 16.3 of [5, TS 38.213].

- Cast type indicator — 2 bits as defined in Table 8.4.1.1-1.

- CSlrequest — 1 bit as defined in clause 8.2.1 of [6, TS 38.214].

Table 8.4.1.1-1: Cast type indicator

Value of Cast type

indicator R
00 Broadcast
o1 Groupcast

when HARQ-ACK information includes ACK or NACK
10 Unicast
11 Groupcast
when HARQ-ACK information includes only NACK
8.4.1.2 SCI format 2-B

SCI format 2-B is used for the decoding of PSSCH, with HARQ operation when HARQ-ACK information includes
only NACK, or when there is no feedback of HARQ-ACK information.

The following information is transmitted by means of the SCI format 2-B:

- HARQ process number — 4  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 16.4 of [6, TS 38.214].

- Source ID — 8 bits as defined in clause 8.1 of [6, TS 38.214].

- Destination ID — 16 bits as defined in clause 8.1 of [6, TS 38.214].

-  HARAQ feedback enabled/disabled indicator — 1 bit as defined in clause 16.3 of [5, TS 38.213].

- Zone ID — 12 bits as defined in clause 5.8.11 of [9, TS 38.331].

- Communication range requirement — 4 bits determined by higher layer parameter sl-ZoneConfigMCR-Index.

8.4.2 CRC attachment

CRC attachment is performed according to clause 7.3.2 except that scrambling is not performed.

8.4.3 Channel coding

Channel coding is performed according to clause 7.3.3.

8.4.4 Rate Matching

For 2"-stage SCI transmission on PSSCH with SL-SCH, the number of coded modulation symbols generated for 2™-

stage SCI transmission prior to duplication for the 2nd layer if present, denoted as Qi@czz , is determined as follows:
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Oscrat Lscr ) ‘B igslezt N ™1 scI2
Qsc12 R I.[a z M, (l)] +y
. 1=0

m

Q'sazzmin [(

where

- Ogqy, s the number of the 2™-stage SCI bits
- Lgc;, s the number of CRC bits for the 2™-stage SCI, which is 24 bits.

- Bgf(;slezt is indicated in the corresponding 1*-stage SCI.

PSSCH
M

s (l ) is the scheduled bandwidth of PSSCH transmission, expressed as a number of subcarriers.

M sz CCH(I) is the number of subcarriers in OFDM symbol [  that carry PSCCH and PSCCH DMRS
associated with the PSSCH transmission.

- M fCCIZ(I) is the number of resource elements that can be used for transmission of the 2"-stage SCI in

OFDM symbol | , for [=0,1,2---,Newogsi—1 and for Newir =Ni,— N, in PSSCH

transmission, where N:Cmb szv?,ib = sl-lengthSymbols - 2, where sl-lengthSymbols is the number of

sidelink symbols within the slot provided by higher layers as defined in [6, TS 38.214]. If higher layer parameter
sl-PSFCH-Period =2 or4, N PSFCH _ 3 if "PSECH overhead indication" field of SCI format 1-A indicates

symb
"1", and NSP;HI;CH = 0 otherwise. If higher layer parameter sI-PSFCH-Period = 0, N;SnbeH: 0 . If higher
layer parameter sI-PSFCH-Periodis 1, N PSFCH _ o

symb
MSCIZ(” — MPSSCH (l) _ MPSCCH(I)

sc N

- y is the number of vacant resource elements in the resource block to which the last coded symbol of the 2"-
stage SCI belongs.

- R is the coding rate as indicated by "Modulation and coding scheme" field in SCI format 1-A.

- o is configured by higher layer parameter sl-Scaling.

The input bit sequence to rate matching is  d 0> d,,d,,d 35" dy_, ,where N isthe number of coded bits.

Rate matching is performed according to Clause 5.4.1 by setting I 5; =1

. N scr2  _scl2 _scl2 _SCI2 SCI 2
The output bit sequence after rate matching is denotedas gy~ ", g1 ,g> g3 ', Gggem_, ,where

G = Q;CI ) -Q,iaz and QiCIZ is modulation order of the 2"-stage SCI. A UE is not expected to have

G*"*>4096
8.4.5 Multiplexing of coded 2"-stage SCI bits to PSSCH

The coded 2™-stage SCI bits are multiplexed onto PSSCH according to the procedures in Clause 8.2.1.
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Annex A:
Change history

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 1.01
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, 1.21
etc.

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 15.5.0
resource 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 alignmentin 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
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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
2020-03 | RAN#87-e [ RP-200190 {0033 - F | Corrections for NR MIMO after RAN1#100-e 16.1.0
2020-03 | RAN#87-e [ RP-200188 0034 - F [Corrections for URLLC after RAN1#100-e 16.1.0
2020-03 | RAN#87-e [ RP-200191 [0035 - F | Corrections for power saving after RAN1#100-e 16.1.0
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RAN1#101-e
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2020-06 | RAN#88-e | RP-200696 | 0043 - F | Corrections for Rel-16 MR-DC/CA after RAN1#100bis-e 16.2.0
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2020-06 | RAN#88-e | RP-200687 | 0045 1 F | Corrections for Rel-16 NR-U 16.2.0
2020-06 | RAN#88-e | RP-200688 0046 - F | Corrections for NR IAB 16.2.0
2020-09 | RAN#89-e [ RP-201814 | 0047 - F | Correction on UCI bit sequence generation 16.3.0
2020-09 | RAN#89-e | RP-201803 [ 0049 - A |CRonPTRS for TS 38.212 16.3.0
2020-09 | RAN#89-e [ RP-201810 {0050 - F | Alignment of RRC parameter ps-RNTI 16.3.0
2020-09 | RAN#89-e [ RP-201813 [ 0051 - F |CRto 38.212 on RRC parameter alignment for SCell dormancy 16.3.0
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