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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.

3GPP



Release 15 9 3GPP TS 38.212 V15.1.1 (2018-04)

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"
3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions given in 3GPP 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 3GPP
TR 21.905 [1].

3.2 Symbols

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

3.3 Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP 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
3GPP TR 21.905 [1].

BCH Broadcast channel

CBG Code block group

CBGTI Code block group transmission information
CQl Channel quality indicator

CRC Cyclic redundancy check

CRI CSI-RS resource indicator

3GPP
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CSI
CSI-RS
DAI
DCI
DL
DL-SCH
DMRS
HARQ
HARQ-ACK
LDPC
LI
MCS
OFDM
PBCH
PCH
PDCCH
PDSCH
PMI
PRB
PRACH
PTRS
PUCCH
PUSCH
RACH
RI
RSRP
SFN
SR

SRS

SS

SUL
TPC
UCI
UE

UL
UL-SCH
VRB
ZP CSI-RS

10

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
Phase-tracking reference signal
Physical uplink control channel
Physical uplink shared channel
Random access channel

Rank indicator

Reference signal received power
System frame number

Scheduling request

Sounding reference signal
Synchronisation signal
Supplementary uplink

Transmit power control

Uplink control information

User equipment

Uplink

Uplink shared channel

Virtual resource block

Zero power CSI-RS

3GPP TS 38.212 V15.1.1 (2018-04)

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

UCl

PUCCH, PUSCH

3GPP
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4.2 Downlink

11
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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
DCI

Physical Channel
PDCCH

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.

51 CRC calculation

Denote the input bits to the CRC computation by Gy 0y, 0y, A35-- 04 , and the parity bits by

Pos P1>PysP3seees Py ,where A s the size of the input sequence and L' is the number of parity bits. The
parity bits are generated by one of the following cyclic generator polynomials:
Jerean DI=[D**+D?+ D"+ D+ D"+ D" +D'"+D’+ D+ D°+D*+D*+D+1]
L=24

for a CRC length

T4, 23, 64 D
Jereaus| DI=[D7+D+D°+ D +D+1] fora CRC length L=24

gCRC24C(D)Z[D24+D23+D21+D20+D17+D15+D13+D12+D8+D4+D2+D+1]
L=24

for a CRC length

>

‘ 16, ~12, 5
gCRClG(D):[D +D 7 +D’+1] fora CRC length L=16

[T § NS T RN - R
gCRCll(D)_[D +D 4D +D"+1] fora CRC length L=11

- gCRCG[D):[D6+D5+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

aD +a,D 440, D +pyD" 4 p D 4 bp,,Dlpy

yields a remainder equal to 0 when divided by the corresponding CRC generator polynomial'

The bits after CRC attachment are denoted by bysb1,by, by, 1bp ,where B=A+L  The relation between
% and b, is:
b,=a, for k=012,...,A-1

3GPP
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b=Pi-n for k=A,A+1,A+2,... A+L-1

5.2 Code block segmentation and code block CRC attachment
5.2.1 Polar coding

The input bit sequence to the code block segmentation is denoted by Gy 1,0y, 350204 , where A>0

if Iseg =1

Number of code blocks: C=2
else

Number of code blocks: end if

A'=[AlC]C

>

for =0 o A-A-1

a' =0

]

end for
for IFA'-A o A'-1

!

a i:ai—iA'—A\

end for
s=0 :

for =0 o C-1

for k=0 o AYC-1

— T
Crk_a s
b
s=s+1
end for

C.qyC..yC yC nyereyC |\, - . .
The sequence 0’ r17r27r3 2 FrAuC-1 s used to calculate the CRC parity bits  Pro2 PrizPross Pripy
according to Subclause 5.1 with a generator polynomial of length L

for k=A'C  AVC+L-1
Crk:prik—A'/C\
end for
end for

The value of A is no larger than 1706.
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522 Low density parity check coding
By,by,by, by, by

The input bit sequence to the code block segmentation is denoted by 2V39P-1 \where B>0 1f B

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

For LDPC base graph 1, the maximum code block size is:

K,,=8448

For LDPC base graph 2, the maximum code block size is:

K, =3840

Total number of code blocks C is determined by:

B<K,

if
L=0
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

c.,,C.,,C C

C ) ) B Ity | —1) .
The bits output from code block segmentation are denoted by "> "7 713 1 where 0=r<C s the

code block number, and Kr:K is the number of bits for the code block number r
Number of bits in each code block:
K'=B'/C
For LDPC base graph 1,
K, =22
For LDPC base graph 2,
if B>640

K,=10

>

elseif B>560

else
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Release 15
K,=6

end if

in all sets of lifting sizes in Table 5.3.2-1, denoted as ZC , such that

find the minimum value of Z
k=10z, for LDPC base graph 2;

Ky2,zK , and set K=22Z, for LDPC base graph 1 and

s=0

>

for =0 ¢ C-1

Crk:bs

5

s=s+1

end for

if C>1

CrpCrp Gz gy
according to Subclause 5.1 with the generator polynomial

c
ro’ is used to calculate the CRC parity bits
Jercaus! D)

The sequence
pr()’prl)prp'-'xprl,l}

for k:K'_L to K'_l

Crk:pr\k+L—K’\

end for

end if

for k=K' o 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
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Table 5.3-2: Usage of channel coding scheme for control information

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

5.3.1 Polar coding

€.,Cy,CoyCayerr,yC

The bit sequence input for a given code block to channel coding is denoted by ~0°71°72>"3******K-1 where K s

the number of bits to encode. After encoding the bits are denoted by do’dl’dQ’ ""dN -1, where N =2" and the
value of 7" is determined by the following:

Denote by E  the rate matching output sequence length as given in Subclause 5.4.1;
i E<logl2™=FT 1 K/E<9/16

n,=[log,E|-1

>

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

>

nzz[logz(K/ijn)]

>

|

n:max{min{nl,nz,nmax},nminJ»
where Moy =2
5.3.1.1 Interleaving

3 C C C C e C P . . U U ! 1 " ]
The bit sequence ~0°71’72°"3>"*’"K-1  {g interleaved into bit sequence ColpCplyenliyy 45 follows:

CL:kaw , k=01,...,.K-1
where the interleaving pattern Ik is given by the following:
if =0
Mkl=k  k=01,...,K-1

else

for mM=0 o Kp -1
i M Im=Kp™—K
11 (k)= I m) [ K™K .

k=k+1
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end if
end for

end if

max | | max __
where i M s given by Table 5.3.1.1-1 and Ki =164

Table 5.3.1.1-1: Interleaving pattern Iy (m|
ml g m| o om o el mml| o m | mpml| m opml| ™| apm

0 0 28 67 56 122 84 68 ey 33 o 38

1 2 29 69 57 123 85 73 o 36 o 144

2 4 30 70 58 | 126 86 78 U 44 u 39

3 7 31 71 59 | 127 87 84 o 47 i 145

4 9 32 72 60 | 129 88 90 o 64 u 40

5 14 33 76 61 132 89 92 - 74 i 146

6 19 34 77 62 134 90 94 o 79 i 41

7 20 35 81 63 138 o1 9 o 85 u 147

8 24 36 82 64 | 139 92 99 2 97 i 148

9 25 37 83 65 | 140 93 102 12 100 o 149

10 26 38 87 66 1 o4 105 12 103 1 150

11 28 39 88 67 3 95 107 132 117 © 151

12 a1 40 89 68 5 96 109 1z 125 v 152

13 34 M o1 69 8 97 112 2 131 2 153

14 42 42 03 70 10 08 114 e 136 " 154

15 45 43 95 71 15 99 116 1 142 © 155

16 49 44 08 72 21 10 121 12 12 1 156

17 50 45 101 73 27 10 124 192 17 v 157

18 51 46 104 74 29 v 128 o 23 2 158

19 53 47 106 75 32 9 130 3 37 © 159

20 54 48 108 | 76 35 19 133 3 48 1o 160

21 56 49 10 | 77 43 0 135 2 75 10 161

22 58 50 111 | 78 46 0 141 13 80 16 162

23 59 51 113 79 52 10 6 153 86 136 163

24 61 52 115 80 55 9 11 2 137

25 62 53 118 81 57 9 16 s 143

26 65 54 119 | 82 60 o 22 2 13

27 66 55 120 | 83 63 ey 30 2 18
5.3.1.2 Polar encoding

N~ L [ AN A~ Niax N oax 1 N ax
The Polar sequence < = Q" Q) is given by Table 5.3.1.2-1, where 0=Q;™=N,,~1
. N1

denotes a bit index before Polar encoding for i=0,1,... ’Nmax_l and N =1024 . The Polar sequence Q™

w(Qh™|<w(Qi™i...<w

N
N

ax ) , where W(va)

is in ascending order of reliability

bit index @i

denotes the reliability of
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N-1_[AN AN AN N |
For any code block encoded to N bits, a same Polar sequence <0 Q> Q1,Qy Q]
1 N

N-1 N~ max
sequence Q is a subset of Polar sequence Q with all elements @i of values less than N | ordered
w(QY|<w(QY|<w(QY)<...<w(QY_|]

is used. The Polar

in ascending order of reliability

AN N-1 AN
Denote < as a set of bit indices in Polar sequence Q , and QF  as the set of other bit indices in Polar
~N|_ =N|_ =N
Q7 [=K+np , Qrl=N Q|

Q' =N =N
sequence <0 where Q  and 9 are given in Subclause 5.4.1.1,

and ™C s the number of parity check bits.

10
11

. o

G,=|G .
Denote N ( 2 asthe 1 -th Kronecker power of matrix G, , where

For a bit index J with jZO,l,...,N—l , denote gj as the ] -th row of GN and W(\gf) as the row

weight of 9, , where w[g j J is the number of ones in 9, . Denote the set of bit indices for parity check bits as
Qn |QN [=n (" —nwm) (’n —nW’")
PC | where PCI™7PC | A number of PC PC]  parity check bits are placed in the |"PC "PC/ ]east

~N wm
reliable bit indicesin @ . Anumber of "PC  other parity check bits are placed in the bit indices of minimum row
NN XN OV — )
S n
weight in Q , where Q' denotes the (| Ql | PC
wm

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

AN
most reliable bit indices in @1 ; if there are more than

wim ~N
Mrc  bit indices of the highest reliability and the minimum row weight in Q

U=|UyUU,...u

Generate "“N-1] according to the following:

k=0

>

it ”Pc>0

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

> > > > >

for n=0 ¢, N-1

S TR TR T S PR A S A A A

else
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end if
end for
else
for =0 o N-1
it neQ)
k=k+1
else

u =0

n
end if
end for
end if

d=|d,d,d,...d d=uG

The output after encoding "“N-1] is obtained by N . The encoding is performed in GF(2).
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max - 1

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

wl] ] wlo] o wle] o] wlel] o] wlel] o] wle] Q] wle] 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

12 17 140 | 522 268 | 300 396 | 420 524 | 614 652 | 837 780 | 497 908 969
13 10 141 58 269 109 397 310 525 543 653 | 716 781 930 909 508
14 18 142 168 270 184 | 398 541 526 235 654 | 864 782 | 821 910 861

62 74 190 [548 | 318 |554| 446 | 403 574 [434| 702 | 849 | 830 | 255| 958 | 892

65 520 193 79 321 283 449 558 577 245 705 | 928 833 719 961 759

82 384 210 | 560 338 205 466 358 594 | 599 722 | 444 850 | 870 978 997
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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

90 259 218 61 346 211 474 | 676 602 803 730 | 634 858 | 860 986 100
91 84 219 | 531 347 | 401 475 361 603 789 731 | 744 859 | 499 987 951
92 138 220 | 525 348 185 476 706 604 | 709 732 | 852 860 731 988 100

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 | 797 864 918 992 180
97 98 225 177 353 593 481 348 609 374 737 | 906 865 502 993 955
98 515 226 | 293 354 535 482 | 419 610 | 423 738 | 715 866 933 994 120
99 88 227 | 388 355 240 483 | 406 611 | 466 739 | 807 867 743 995 181

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
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
107 576 235 | 336 363 | 307 491 788 619 366 747 | 798 875 | 847 | 1003 | 767

109 100 237 | 282 365 | 417 493 572 621 655 749 | 379 877 | 447 | 1005
110 | 640 238 143 366 213 494 | 219 622 900 750 | 697 878 733 | 1006 [ 990
111 51 239 103 367 568 495 311 623 805 751 | 431 879 | 827 | 1007
112 148 240 178 368 | 832 496 708 624 | 615 752 | 607 880 934 | 1008 [ 959

113 | 46 | 241 |204| 369 |s588| 497 [598| 625 |esa| 753 |489| 881 |88z | 1009 | 'O
114 | 75 | 242 | 93 | 370 |186| 498 [601| 626 |710| 754 |ses | 882 |937 | 1010 | '3
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 | 4se| 884 | 747 | 1012 120
117 |517| 245 |592| 373 | 227 | 501 |792 | 629 |252| 757 |08 | 885 | 505 | 1013 | 1"
118 |104| 246 |323| 374 | 896 | 502 |802| 630 |373| 758 |718| 886 | @55 | 2014 | 1
119 |162| 247 [302| 375 |504| 503 |e11| 631 |605| 759 |813| 887 | o924 | 1015 | 1"

120 53 248 | 297 376 | 418 504 | 602 632 848 760 | 476 888 734 | 1016 | 991

121 103 | 249 |770| 377 |302| 505 |410| 633 |690| 761 |856| 889 | 820 | 1017 | 102
122 152 250 |107| 378 |640| 506 |231| 634 |713| 762 |s30| 890 | 965 | 1018 | '9°
123 | 77| 251 |180 | 379 |771| 507 |ess | 635 |e32| 763 |725| so1 |o3s | 2019 | '
124 |164| 252 |151| 380 |360| 508 |653 | 636 |482| 764 |698| 892 | 884 | 2020 | 1O
125 | 768 | 253 |200| 381 |53 | 509 |248| 637 |806| 765 |o914| 893 | 506 | 1021 | 192
126 |268| 254 |284| 382 |111| 510 [360| 638 |427| 766 |752| 894 | 749 | 1022 | '9?
127 |274| 255 |64 | 383 |331| 511 [100| 639 | 904 | 767 |s68 | 895 | 945 | 1023 | '3

5.3.2 Low density parity check coding

c,,C,,C),Chy...,C .
00 2 o k-1 where K s

the number of bits to encode as defined in Subclause 5.2.2. After encoding the bits are denoted by dO’dl’dZ’“ Sy ,
where N=662, for LDPC base graph 1 and N=30Z,
Subclause 5.2.2.

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

for LDPC base graph 2, and the value of Z, is given in

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

1) Find the set with index is  in Table 5.3.2-1 which contains ZC

2) for k=2Z, to K-1
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c,#4(NULL>
if pA
dy_p7 =Cy
¢ 3

=<NULL=>{
8

k—2Z_

end if

end for

c
w

T HX
such that

=0

, where

N+2Z -K

}T

W=|Wy, W, Wy, W
3) Generate oW Wose s Wiz —k-1

C:[CO’CI’CZ""’CK—I
GF(2).

parity bits

0 is a column vector of all elements equal to 0. The encoding is performed in

For LDPC base graph 1, a matrix of Hy, has 46 rows with row indices i=0,1,2,...,45 and 68 columns
with column indices J= 0,1.2,...,67 . For LDPC base graph 2, a matrix of Hy, has 42 rows with row

indices i=0,1,2,...,41 and 52 columns with column indices j=012,...,51 . The elements in Hyg 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 Hyg are of value 0.

The matrix H  is obtained by replacing each element of Hyg 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 Hyg is replaced by a circular permutation matrix 1P i,j) of size LXZ, s

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 Z.XZ, to the right PU times. The value of PM’ is given by
Pi,j:mOd(Vi:j’ZCJ . The value of Vi,i 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+2Z.-1
Qg7 =Wick .
end for
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Table 5.3.2-1: Sets of LDPC lifting size Z

Set index (

g ; Set of lifting sizes ( 2 )
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 ( '8¢ ) and its parity check matrices ( "ij )
Hy, Vi, i Hys Vi, i
Row Colum l Row Colum o
inde n Setindex LS inde n Setindex LS
X index X index
; o | 2| 2] 3| 4|5 |56 | 7 ; o | 2| 2| 3| 4|5 |56 | 7
! J ! J
25 | 30 22 | 21 | 29 13 29 | 12 34 3
0 P I < T R e R A 1 o | 2 | D2 o | ¥ e |}
19 | 11 22 21 13 | 18 22
1 60 |19 [ 15 |16 | | T o | F 10 65 | 460 | B W s | e | *
22 10 18 | 16 12 31 | 13 | 20 | 10 8 | 17
2 2050 | Wloa | W0 o | E . 13 63 | LD R Y e | P
5 | 36 18 | 33 13 8 | 20 7 14
3 S IS T S T el S B A 18 75 55 | || es | Y |s3]|h
0| 18 | 22 21 | 20 7 | 26 [
5 OB A e | Y2 0 | e 25 S| D | sa| e | ea | Y| o4 | a0
21 16
6 10 | 23| w0| a|®]o0]es 37 ol oo oflo]| o] o] o
31 24 15 27 19
9 so | 3H a5 | o |20 | 3| 0| s3 1 6a | 13 | 60 | | 2| D | e8| 78
22 | 28 | 16 | 20 | 14 | 25 22 3B | 14 | 16 29 | 19 | 15
o 9 | 8]l 25| a|lo]|%]|s g Ol s o] a | B3] 8|2
1| 10| 21 | 21 | 1t 20 33 | 16
11 R , 11 a9 | 57 | 45 [ a3 |99 | T | 0| s
0 19 16 21 | 33 1 28 | 11 | 18 3B | 12
12 P B < U -l S B B 20 S O I e N I B -
3/ | 13 | 21 | 1L | 20 15 30 | 10 1] 18 | 20
e °l 7 ]ls|s|s|1]0o]|mn L2 4 | 57 | o 1 | % a2
0 | 21 | 29 23 3
15 I A I O O < T AT 38 ol ol o] o] o] o] o
10 11 14 34 21 26 25 15 11 18
16 a3 || Lo | Y] 0|2 0 7| R 2 se | D ||
19 24 11 14 30 22 16 30 14 11 13 22 18 11
o o |l 2 | 3|1 [ B a]°%]o0 v 4 | 3l 7l ol 78]l al>
18 9 | 21 | 16 12 | 20 24 10
19 < S BT B I I I (- (R 16 so |81 | 2D o | %] | X
23 | 33 | 18 | 10 10 e 1 21
20 S A el A B B I 2 O B 17 1 | P s e | o | Y] |%
34 26 | 18 13 @ 37 | 2 6 | 10| 5] 2
21 TR I B R A o B 21 R
22 T [ 1 | 1 [ 1 1 101 39 0 [ 0] 0] o oo oo
13| 26 | 19 | 16 18
23 ol ol ol o] o] o] ofo 1 I I I e I 2 T
0 | 14 | 17 23 | 16 | 29 | 1L | 15 | 28 21
0 2 (7 | DT | 2| e 12 A I B ol ISl S T s
23 29 6 | 22 23 28 | 29 | 20 24 | 16 | 18
2 9 | 1 4 [ % 2]l s | Y] 18 & 8 ol 1]lo| %]l 7|0
11 5 | 22 2 | 13 5 | 13 | 14 | 14 | 24 | 18 14
& 7 | B 13| %] 4] o 5 | 2 | 1| 3| 1|1 ]|®%®]| 3
12 | 28 | 26 25 | 33 22 14 20 | 18 | 14 4
4 2| % B ge | 2B |2 19 ol A e e A < Bl IV
@ | 16 | 12 | 16 | 26 1
5 290 B e Bl B B BT 40 ol oo oflo]| o] o] o
22 | 33 | 13 | 15 [ 2 %]
7 P N I I B O (-l IR ) 0 60 | W lea| 8| o s |12]7
0 | 33 13 | 20 | 30 ] 21 | 18 [ 10
8 s |1 | 4l sl 2]l 2] %3 1 Bla | 1 | 8191 08|78
17 17 11 34 10 10 11 14 16 15
9 Sl Y | e || Y s0| 2| s . 7 220 AT i el ol R Bl B
" 22 [ 29 | 12 | 20 | 10 | 16 | 10 | 11 . 2 | 24 | 27 | 19 | 14 | 25 | 18 | 13
o |l 5| oale6 | o]|7 7 |l 2| o | 8| a| 8] 4|73
0 | 34 | 30 25 18 22 | 19 20 | 19 | 19
1 12 ol IR I - T B R I B 10 2P s o |
14 190 271 76 | 79 | 72 %43 0o | o5 M ol oo oflo]| o] o] o
13 26 5 | 24 5 | 18 | 30 | 10 | 26
15 Sl | Bl e | S5 |6 |8 0 A R R
7 | 35 | 15| 25 5 8 | 20 | 16 | 2L 18
16 A A I 2T ol B VI g ol Y 5 s |es| 12| ¥
15 11 19 14 13 21 26 12 15 20
17 el Y s Y Y] 0| e " 9 ol N I e N I B G
25 | 33 | 26 15 6 | 16 34 | 13 | 21 | 14 | 24 16
- 5 | 1] o | P |6 | %] 8|3 i Tl o] alalall®] 7
11 | 30 | 18 | 1L | 30 21 16 8 | 22 13
21 3 o A e ol B 22 2l so |10 | W2 30|30 Y
22 oo |ofofolol|®]o 42 ol ol o] o] o] o] o] o
21 24 | 20 19 16 19
23 ol ol o] ol o| o] oo 1 Sl X | Pl R]e | Y
[ 10 | 17 | 13 26 2
24 ol ol o] oflo| o] o] o 5 IR Y Y e | P s | Y
2 0 | 20 20 | 25 | 22 | 13 | 18 10 [ 32 | 138 | 22 | 26 | 34 21
g 6 | 5 | 8| 7 8|6 | 2|09 1 9 | 8| 2ol 6| 6| %] s
| 25 20 | 16 13 | 21 | 28 14
1 SRR AR 20 Sl R o | 9| Y] ae|es
2 18 | 32 | 80 | 3L | 22 | 21 | 21 | 22 21 17 [ 97 | 10 | 10 | 18 | 10 | 19 | 21
5 | 8 0o | 3 5 1 3 | 6 9 | o | s
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4 G I S O I B el B 43 ol ol o] o] o] o] ofo
5 I B Bl e I 0 6a |30 | Y |sa| 72| % | a2
. oo | | 2|18 [ 20 2|11 ” W w20 o] |5 ]| a
. 272 | 20 g | 2| 12 | 45 | 17 | 5 " BB [ g5 | 5 |70 | 2| 8|2
. I 20 [ [ oy [ 28 [ g | g = N P I N R T N
9 o5 |63 | 7| Y| o 249 122 24 44 ol ol o] o] o] o] ofo
10 < o O B OO I T e e 1 Boloa | Bles | W as|as| P
13 P I B I 2 B T Bl B 2 Wile|so| 2] o6 18]
" 2 [ gy | 28 | 21| 22 | 28 | 55 | 10| g " U [ B[], B B[ u
" 2 s |0 [ 77| 0 | 2| 5| 3 " 15 [ 5 [0 [ 12 [ 1 [ 30 [ 1019
17 Pl I B el Bl I A I 45 ol ool o|o]of|o]o
1 2 [28 [ [ U] % 1617 & o DB [ B[4 2 3|0 |
» B0 [B |2 [0 [ 20, g X s || | B || U 12|T
20 Ui | ]| 27 ]e|% y 4 Bl e o | Y] 2
24 oo o] o|o]of|o]o 1 W33 18 191 201 28 ) g | 10
25 oo o] o|o]of|o]o 22 2|33 | ¥ e | 88
0 LAz D g | g | 2 46 ol o ol o o | o] o
1 8o | 87 280 18 | Yo |6 | 2 1 3| 2| Y| 250 297 4 | 27
3 ga | o |30 | | a9 | 3|1 6 Bl | 2% o |2 ||
4 N O I N A e e 7 1% e |es| o 1]|mn
6 Wl er | a5 |82 | P 49| a3 14 B3l ae | s | 0| sa| 28| ™
. B [T [ 116 [, [ 18 e ol o lolololololo
8 Aolse | 79| B ol 6 | 9 0 Win | F |9 o |2 |a]|?
o BB [3 [ g [ | D] 5], ) N TN N B I R
n s | 0| 0B |2 | g5 | 3| g . 2| e [ [ 2| o |2 |19
3 12 Al B S R BT B ol R 15 o1 | 2l er | 22 e | D o8
13 o A A B R Bch BT 7 48 ol ool o|o]of|o]o
" 212 | g5 [ g | B | 18| 5 | 1 25 |2 [ 2| D 45| o ||
16 MR aa e | B A 2| X . 6 WDl | Ml |2 M3
17 76 300 28 | 74 156 251 Yl o= 8 149 110 340 Yl 286 2 | 9
18 AN U B o A T G Bl Bl 49 ol ol o] o] o] o] o]o
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Table 5.3.2-3: LDPC base graph 2 ( Hy ) and its parity check matrices ( Vw‘ )
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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 CosC15CypCyoee s Oy ,where K s

dyd,dy,...dy

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 dOJdvdz:'--:dN_l
L [¢,]

- ey y]

! [cy yxx]

° [cpyXXXX ]

8 [y xxxxXxx|

The "x" and "y" in Table 5.3.3.1-1 are placeholders for Subclause 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)m0d2 s N:3Qm ,and

Qm is the modulation order for the code block.

Table 5.3.3.2-1: Encoding of 2-bit information

Qm Encoded bits dU’dl’dZ"“’dN-l

1 [c,¢,0,]

2 [c,c,¢,¢4C,C,]

4 [cy€, XX €yCy XX €,C) XX]

6 [c,C, XXXX €,C, XXXX €,C, XXXX]

8 [CoC XXX XXX C,CuX XX XXX C,C,XXXXXX]

The "x" in Table 5.3.3.2-1 are placeholders for Subclause 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
d= z ¢;'M; ; |mod 2 )
For 3=<K=<II | the code block is encoded by k=0  where i=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

Mio | Miz | Miz | Miz | Mia | Mis | Mig | Miz | Mig | Mig | Mio
1 1 0 0 0 0 0 0 0 0 1
1 1 1 0 0 0 0 0 0 1 1
1 0 0 1 0 0 1 0 1 1 1
1 0 1 1 0 0 0 0 1 0 1
1 1 1 1 0 0 0 1 0 0 1
1 1 0 0 1 0 1 1 1 0 1
1 0 1 0 1 0 1 0 1 1 1
1 0 0 1 1 0 0 1 1 0 1
1 1 0 1 1 0 0 1 0 1 1
1 0 1 1 1 0 1 0 0 1 1
1 0 1 0 0 1 1 1 0 1 1
1 1 1 0 0 1 1 0 1 0 1

=
o
o
=
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

bit interleaving. The input bit sequence to rate matching is Ay iy . The output bit sequence after rate
matching is denoted as folufofe
541.1 Sub-block interleaving
oo . . d,d,d,..d _ ooododd,.d
The bits input to the sub-block interleaver are the coded bits “0°"1°"2 N-1 _The coded bits "0°"1""2 N-1  are

divided into 32 sub-blocks. The bits output from the sub-block interleaver are denoted as YoYvYpoy1 generated
as follows:

for n=0 ¢z N-1
i=|32n/N|
J(n|=Pli|x(N/32|+mod(n,N/32)
yn:dlln\ ;
end for

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

Table 5.4.1.1-1: Sub-block interleaver pattern Piil
i Plil| i| Pl i Pli| | i Pli|| i plij| i Plil | i Plij | i Plil
0 0 4 3 B B 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
o oY . n o L
The sets of bit indices I and F  are determined as follows, where K , PC and 0 are defined in
Subclause 5.3.1
N
QF,tmp_ﬂ
if E<N
it K/E<7/16 -- puncturing

for n=0 to N-E-1
~“N _ =N [\l
QF,tmp_QF,tmpULJ[‘nJJ‘

end for

i E=3N/4

QF.opy=QF.mpU/0,1,...,[3N/4—E[2]-1]

>

else

Qr.omp=QF apY 0.1,..,[IN/16—E/4]-1]

b}

end if
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else  -- shortening

for N=E o N-1

AN _ AN [ |
QF,tmp_QF,tmpULJ(n]J

end for
end if
end if

N _ AN-1(AN
Ql,tmp_ Q s QF,tmp 6

oY . K+n . o
Q comprises ( PC) most reliable bit indices in Ql,tmp

Qi=0) 'l

>

54.1.2 Bit selection

The bit sequence after the sub-block interleaver YoYuYor¥i-1 from Subclause 5.4.1.1 is written into a circular

buffer of length N

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

if E=N -- repetition

for k=0 ¢ E-1

€= Ymod(k,N)
end for
else
it K/E<7/16 -- puncturing
for k=0 o E-1
€= YN -£
end for
else  -- shortening
for k=0 o E-1
€=k
end for
end if

end if

54.1.3 Interleaving of coded bits

. €1,€1,8),...,8 - . i
The bit sequence ~0°"1’"2***“E-1 is interleaved into bit sequence folifo-fe , as follows:
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i Ien=1

Denote I as the smallest integer such that
k=0 .
for =0 o T-1
for J=0 o T-1-i
if k<E

Vi, i~

>

else

v, ;=<NULL>?
¢

end if
k=k+1

end for
end for
k=0 .

for J=0 o T-1
for =0 o T-1=]

v, ;#&NULL>?

if &
fi=viy
k=k+1
end if
end for
end for

else

for =0 o E-1
fi=e; |

end for

end if

The value of E  is 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 oy, eensly . The output bit sequence after rate matching is denoted as
fofisffey
5421 Bit selection

dy,d, d,,...d

The bit sequence after encoding “0°"1’"2>"*"N-1  from Subclause 5.3.2 is written into a circular buffer of length

Ncb for the r -th coded block, where N is defined in Subclause 5.3.2.
For the r -th code block, let Ncb =N if I, ey =0 and N, =min (N ’ Nfef J otherwise, where
_ TBSLBRM
ref k —
C-Rypru RLBRM_2/3 s TBS gy is determined according to Subclause 6.1.4.2 in [6, TS 38.214] for

UL-SCH and Subclause 5.1.3.2 in [6, TS 38.214] for DL-SCH/PCH, assuming the following:

- maximum number of layers for one TB supported by the UE for the serving cell, if the UE has reported its
corresponding capability; otherwise a maximum of 2 layers is assumed for DL-SCH;

- maximum modulation order configured for the serving cell, if configured by higher layers; otherwise a

maximum modulation order Qm=6 is assumed for DL-SCH ;

- maximum coding rate of 948/1024;

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

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

Nep = ISGQPRB .

>

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

Table 5.4.2.1-1: Value of nPRB,LBRM

Maximum number of PRBs across all configured BWPs of a n

carrier 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 r -th coded block, where the value of E i
determined as follows:

set J=0
for =0 ¢ C-1

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

E,=0

>
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else
¢ J=C'=mod(G/(N.-Q,|,C'|-1
G
Er:N .Qm- ]

>

else
f—2—]

Er:NL'Qm N Q .C'
L <m

>

end if
j=j+1
end if
end for

where

N

3GPP TS 38.212 V15.1.1 (2018-04)

- L 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 C' is the number of
scheduled code blocks of the transport block if CBGTI is present in the DCI scheduling the transport block.

Denote by ™id  the redundancy version number for this transmission ( Wi = 0, 1, 2 or 3), the rate matching output

bit sequence &k s k=0,12,...,E-1 , is generated as follows, where

the value of ''id and LDPC base graph:
k=0

(ks fmoan 7 & NULL>{

if A

ek—d\jkoﬂf\ mod N,

>

k=k+1
end if
j=j+1
end while

3GPP
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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
66Z. | ¢ 50z, | ¢
3N, p 25N, p
2 662, | ¢ 50z, | ¢
3 56N, p 43N, p
66Z, | ¢ 50Z, | ¢
54.2.2 Bit interleaving

The bit sequence €08 €1 s interleaved to bit sequence folifyefe , according to the following, where

the value of Qm is the modulation order.

for j:0 to E/Qm_l

for =0 o Q,~1

fi+j~Qm :ei~E/Qm+j

end for

end for

54.3 Rate matching for channel coding of small block lengths
dy,d,,dy,....d,

The input bit sequence to rate matching is "0°"1’"2 -1 . The output bit sequence after rate matching is denoted as

folvfy-fe ,where E is the rate matching output sequence length. The bit sequence fofisfyofey is
obtained by the following:

for k=0 o E-1

fk_dkmodN

end for

55 Code block concatenation

The input bit sequence for the code block concatenation block are the sequences f k for T= 0,....C~1 ang
k=0,...,E —-1
b ) r

, where E, is the number of rate matched bits for the T -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 apnd r=0

3GPP
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while 1<C
set J=0

while J<E:

9.=f,
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

a

1 by SR T SR S| , and the parity bits by Py P1>P2>Pys-esPpy , where A is the payload size and L

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

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

to 24 bits and using the generator polynomial Jercaa! D! if A>3824 ; and by setting L to0 16 bits and using

the generator polynomial Jercrs D) otherwise.

The bits after CRC attachment are denoted by bO’bl’bZ’ b3 2 "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 Subclause
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:
it A<292  orif A<3824 g4pg R<0.67  orif R<0.25 | LDPC base graph 2 is used;
- otherwise, LDPC base graph 1 is used,

where A isthe payload size as described in Subclause 6.2.1.
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6.2.3 Code block segmentation and code block CRC attachment
By,by,by,bsse by

The bits input to the code block segmentation are denoted by 2%:9Y8-1 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 Subclause 5.2.2.

CrO’Crl’CrZ’Cr3""’Cr[Kr—l]

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

number and K, is the number of bits for code block number " according to Subclause 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

€ 0,C..,C o,Conyeer,C

re T T2 T3 e -1 where T is the 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 Subclause 5.3.2.

: s drO’drl’er’dr3""’d [N -1 N P s
After encoding the bits are denoted by N1 where the values of 'r is given in Subclause
5.3.2.
6.2.5 Rate matching
drO’drl’er’dr3"'"dr\:Nr—lj\

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

I is the code block number, and Nr is the number of encoded bits in code block number T . The total number
of code blocks is denoted by C  and each code block is individually rate matched according to Subclause 5.4.2 by

setting Iy =1 if higher layer parameter LBRM-FBRM-selection = LBRM and by setting Iy =0 if higher
layer parameter LBRM-FBRM-selection = FBRM or if higher layer parameter LBRM-FBRM-selection is not configured.

frO’frl’frZ’er"'"fr[Er—l]

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{Er—1)

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 Subclause 5.5.

The bits after code block concatenation are denoted by 99919293+ 961 ,where G is the total number of
coded bits for transmission.

6.2.7 Data and control multiplexing

UL-SCH UL-SCH _UL-SCH _UL-SCH UL-SCH

Denote the coded bits for UL-SCH as 0 91 192 193 reJguoscny
gACK gACK gACK ACK gACK
Denote the coded bits for HARQ-ACK, if any,as “0 71 92 93 »rodghtiy
CSl-partl _CSI-partl _CSI-partl _CSI-partl CSI-partl
Denote the coded bits for CSI part 1, if any, as 0 91 »92 93 senes G sty
CSl-part2 _CSI-part2 _CSI-part2 gCSI-partZ gCSI-partZ
Denote the coded bits for CSI part 2, if any, as  7° 171 » 92 93 ISty

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

3GPP
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NPUSCH 4 PUSCH
Denote | asthe OFDM symbol index of the scheduled PUSCH, starting from 0 to " symball , where " symball
is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS.

k MPUSCH_y pPUscH
Denote as the subcarrier index of the scheduled PUSCH, starting from 0 to s , where s is

expressed as a number of subcarriers.

PUSCH . . - . .
! as the set of resource elements, in ascending order of indices k , available for transmission of data

PUSCH
1:0, ].,2, ceey Nsymb,all_l

Denote

in OFDM symbol | | for

UL-SCH ( 1] _ ‘(I)UL-SCH‘ UL-SCH UL-SCH ( ) .
Denote s ! as the number of elements in set ! . Denote ! asthe J -th
UL-SCH
element in 1
q)UCI
Denote ! as the set of resource elements, in ascending order of indices k , available for transmission of UCI in
PUSCH uct uct
= — M 1) =P .
OFDM symbol l , for [=0,12,...,N symball ! . Denote « ) ‘ ! ‘ as the number of elements in set

ucl ucl( - . ucl
@, . Denote P, (J) asthe | -thelement in @,

q)lUCI — 0

. For any OFDM symbol that carriers DMRS of the

UcCl _ UL-SCH
(I)I - q)l

PUSCH, . 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 lesi 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;

- if HARQ-ACK is present for transmission on the PUSCH with UL-SCH, let

. GMN(1)=N,Q, |6 (2N ,Q,| G**(2)=N;-Q,{G /2N }-Q,,]

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

GCSkpartl ( 1)=NL.Qm_[GCSI-part1/(2~NL,Qm"J

GCSI-pam(Z):NL.Qm.[GCSI—partl/(z,NL.Qm)]

>

GCSI—partZ( 1):NL.Qm.[GCSI—DartZ/(z,NL.Qm)J - and

GCSI—part2(2>:NL.Qm.[GCSI-partZ/[ZNL.Qm]]

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

G (1)=min|N,-Q,|G**/[2:N -Q, || M, N -Q,)

>

GACK(Z):GACK—GACK(I)

>
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let
the first and second hop, respectively;

GCSI—partl(l):M 1,NL.Qm_GACK( ].) . and

GCSI-partl ( 2): GCSI-partl_GCSI-panl( 1)

>

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

G (1)=min(N,-Q,|G*™/[2:N,-Q,||, M, -N,-Q,

GACK(z):GACK_GACK<1) ;

GO (1)=min | N,-Q |G (2N, -Q, [ M N, -Q, ~G (1)

GCSI-partl ( 2): GCSI-partl_GCSI—parll( 1) )
CSl-part2 _ N . _ ~CSl-partl

G (1>_M 1'NyQ,=G (1> if the number of HARQ-ACK information bits is no more than 2, and

G (1)=M N Q=G (1= (1)  iperwise; and

CSI-part2 _ . . _ ~CSI-partl
G (2)_M rNyQy=G (2) if the number of HARQ-ACK information bits is no more than 2, and
GCSI-parQ(Z):MZ'NL.Qm_ GACK(z)_ GCSI-partl(z)

otherwise;
NPUSCH_2 NPUSCH (1) NPUSCH (2)
hop —%  and denote " symbhop symbhop 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 1
Nsy\nh,nup‘l"l
UCI (7}
M= ) M
1=0 ,

PUSCH PUSCH

Nemsnap V4N 2]-1

symb,hop <
_ ucl| )
Mz_ Z Msc m

_ \yPUSCH
I’Nsvmb,hou‘ U

If frequency hopping is not 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;

(1)

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

GACK ( 1)_ GAK
if HARQ-ACK is present for transmission on the PUSCH, let - ;
CSl-partl [ 4\ _ ~CSI-partl CSI-part2 ( 1 \_ ~CSI-part2
if CSI is present for transmission on the PUSCH, let G (1)—6 and G (1)—G ;
PUSCH _ PUSCH _ ArPUSCH
let N hop =1 and N symb,hop ( 1)_N symball

The multiplexed data and control coded bit sequence 909192 93>+ 91 is obtained according to the following:

Step 1:

Set

&, UL-SCH UL-SCH
(OR =P,

_ PUSCH
fOI‘ l—o,l,z,...,Nsymbyaﬂ_l
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MUL-SCH ( l) :|&)IUL»SCH| = 0 1 2 PUSCH -1

Set sc for symball
— var uer _ PUSCH

set. P =R g 150120 Nopy =1
— ucr _ |zuc _ PUSCH

st M (1)‘|¢' | for 1Z0. 1.2, Ny =1

if the number of HARQ-ACK information bits to be transmitted on PUSCH is 0, 1 or 2 bits
the number of reserved resource elements for potential HARQ-ACK transmission is calculated according to

Subclause 6.3.2.4.1.1, by setting Oack =2 ;

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

elements;

GACK(l) N Q @ACK/ ZQYLQm)i

if frequency hopping is configured for the PUSCH, let

Gi*)=N, @, . /(29,9,§ .

and

. . . . ACK (1) GACK
if frequency hopping is not configured for the PUSCH, let Gra ;

=.1vd
denote o as the set of reserved resource elements for potential HARQ-ACK transmission, in OFDM symbol

1=0,1,2,...,N-OCH _q

' for symball
set Mool 1)=0 .
set Mom(2)=0
=8 . 120,12, Ny —1
for =1 o NE;LSCH
=1
while Meoun () <Giag" ()
o ME(1)>0
o Gua (D=mgu () O (1) O, €@,
d=1 .
Mg =M (1)
end if
i oo (D=mam (D<M (1) O, @,
d=1.° (1) &, @, /(G H-mio )| §
mi, = oA () -min () /(N @,)§
end if
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_ RE g
for J=0 o Mecount

(T)Irvd — (_D;'vd U{ (T)IUL-SCH ( ]G)}

ACK/(.\_ _ACK/.
mcount(l)_mcount(l)+NL'Qm ;
end for
end if

I=1+1

end while
end for

else

1=0,1,2,..., NPOCH _q

=rvd _ _
(Dl - ﬂ symb,all

for

end if

=D
M .
Denote sc, vd as the number of elements in !

Step 2:

=@ o

3GPP TS 38.212 V15.1.1 (2018-04)

if HARQ-ACK is present for transmission on the PUSCH and the number of HARQ-ACK information bits is more than

2,

mi(1)=0

Set count ;

X (2)=0

Set count ;

ACK
0

mcount,all =

Set

PUSCH
N hop

for =1 o

1=1"

>

while méi};t(ikGACK(i)

it M (1)>0

GACK (i) _ mACK (i) WSICJCI ( l) QL Qm

if count
mRE — MUCI ( I)

count sC .
>

end if

GACK (l) — mACK (i) < MSLCICI ( l) qL Qm

count

if
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d=§1 (1), @, /(G (D) -min i) §

M= G 1) (1[N,

count count

>

>

end if
_ RE 4
for J=0 o Meount™
N

for V=0 o NQ,-1

_ _ A
91 k,v=9, acx

count, all

ACK ACK

mcount,all = mcount,all +1

coun )= Mg

J+1

>

m

end for

end for

RE

for J=0 0 Meount™

1

=Y\ 31 (@)

>

CT)IULfSCH — q_D}JL—SCH \{ CT)}JCI( ]Q)}

5

end for

w21 =[5

bl

M;JL-SCH ( l) — |q_>IUL-SCH|

>

end if
I=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 ;
CSI-partl _

Set Meount (2)_0 ;
CSI-partl __ 0

Set countall
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. PUSCH
for =1 o “hop

l:lgl

M (1) =M (1) 90

while sc

I1=1+1

end while

while Megr (1)<G2 (i)

MSLCJCI(I) quz rvd

if (1)>0

GO - mC ) ML (1) M, 1)) @, €,

d=1

>

mRE ZMUCI(I) _Ms‘f rvd(l)

count SC

end if

y GCSl-panl(l-)_mCCmSJll;Fanl(i)<(MSLCJCI(l) @ Wd( ))@ Q
d= WUCI SC Wd @ @ /GCSIpanl() m
miim HGCSIPaItl(l) mgosulnlt)am( )) (N Q H

end if

= A UCI \ Frvd
D =P\ P ;
. RE 4
for J= 0 to Meount

k=2 (j @

>

N,Q,-1

for V=0 o

__ _CSl-partl
gl k,v g CSIpartl

coum all

CSl-partl __ __ CSI-partl
count,all — ""*count,all

m +1

CSI-partl( -)_ CSI-partl( )+1

count ~ "count ;

end for
end for

_ RE g
for J=0 o Mcount

(T)IUCI — cT)IUCI \{ q_);emp ( ]Q)}

>

3GPP
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q_)}JL»SCH — &)}JL-SCH \{ &);emp ( ]Q)}
end for

W 1) =B

5

MSLCJL-SCH ( l) :|CT)IUL-SCH| '

>

endif [=1+1
end while

end for

mCSI—partZ( 1):0

Set count ;

mCSI—partZ ( ) ) =0

Set count ;

CSl-part2 __
Set mcoum,all =0

PUSCH
N hop

for =1 o
l:lgl

MUCI(I) %

while s

[=1+1
end while

mCSI—partZ ( i ) <GCSI—part2 ( . )

while count 1

M¥(1)>0

if

o GO~ mEE ) 9L (1) 0, @,
d=1 ;
My, = M (1)

end if

g GO —mo () <M (1) O, 9,
d=§ 1) ¥, @, /|G- mEr
mie =l G ()= mSS i) 1[N -Q,

end if

_ RE 4
for J=0 o Mcount

3GPP
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k=2(j @) .

for v=0 o Ny@Qul

- __ CSl-part2
91 k V_g CSI-part2

5Ky m
count, all

CSI-part2 __CSl-part2
count,all — ""“count,all

m +1

CSI—partZ( -)_ CSl-part2 ( ) +1

count — "count ;

end for
end for

_ RE 4
for J=0 o Mcount

B =B (@)

>

CT)IUL-SCH — q_DIUL-SCH \{CT)’UCI ( ]G)} ‘

bl

end for

WL 1) =3

bl

MS[CJL-SCH ( I) — |(T)IUL-SCH|

>

end if
[=1+1

end while
end for

end if

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

UL-SCH _ 0
Set Mot = ;

PUSCH
for 120 o Nempar~1

o MIS(1) >0
for J=0 o M

k — q_)IUL-SCH( _])

for V=0 o NQ,-1

3GPP
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_ _ _UL-SCH
gl,k,v—gmUL—SCH

count 5

L-SCH L-SCH
USC_USC+1

3GPP TS 38.212 V15.1.1 (2018-04)

if HARQ-ACK is present for transmission on the PUSCH and the number of HARQ-ACK information bits is no more

count — "eount ;
end for
end for
end if
end for
end if
Step 5:
than 2,
ACK _
Set mcount(l)_o ;
ACK _
Set mcount(z)_o ;
ACK _ 0
Set mcount,all_
) PUSCH
for =1 o NhOP
=17
ACK (. ACK /.
while mcount(l)<G (l)
1 D
lf Msc,rvd(l) > 0

G (i) - mlSk (1) @M, (1) O, @,

if count
g)ﬁnt:]\ziwd(” .
end if
g G O-min() <ML, (1) O, @,
d= giwd ( l) qL Qm/( GACK(i)_mg)Si(i))i
mee =1 (1) =mAK (i) [N, ]
end if
. RE 4
for J=0 o Meount™

k=" (] @)

>

3GPP
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for V=0 o N-Q,-1

ACK

gl,k,v:gmACK
count, all
ACK _ _ACK
mcount,all_ mcount,all +1

o 1)= M

J+1

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

end for

end if

Step 6:
Set (=0 ;

PUSCH
for 120 o Nombar~1

for J=0 o M (1) -1

k — (I);JL-SCH ( J)

for V=0 N;-Q,-1

end for
end for

end for

6.3 Uplink control information

6.3.1 Uplink control information on PUCCH

The procedure in this subclause applies to PUCCH formats 2/3/4.

3GPP
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6.3.1.1
6.3.1.1.1

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

_~ACK ) ACK
for 1=0,1,...,07" =1 ang

setting 4;=0;

~ACK [ ~ACK
0[] ) {

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

. ACK
determined by setting for 1=0,1,...,07" -1

i:OACK,OACK_I_L.”,OACK_I_OSR_I

~ACK [ ~ACK
OU y{Ol :'“’0

6.3.1.1.2

~ACK .
0; 1"'500ACK71(’

~ACK
0Ky

HARQ-ACKI/SR only

~ACK
a.=o0

i i

, and

49

UCI bit sequence generation

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

>

A:OACK+OSR

_~SR
Gi—Oi

3GPP TS 38.212 V15.1.1 (2018-04)

ay,0,,0,,0s,...,0

for

is given by Subclause 9.1 of [5, TS 38.213], and the SR bit sequence
is given by Subclause x.x of [5, TS 38.213].

CSl only

A-1

0y, 0,,0,,0y,...,0,_,

is determined by

_ ~ACK
A=0 , where the HARQ-ACK bit sequence

is

, where the HARQ-ACK bit sequence

~SR ~8R ~SR
{

0 10; y---yOOSR_IC

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 Subclause 5.2.2.2 in [6, TS 38.214].

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

6.3.1.1.2-1, where the values of ( v

NN,

Table 6.3.1.1.2-1: PMI of CodebookType=Typel-SinglePanel

and (01’02] are given by Subclause 5.2.2.2.1 in [6, TS 38.214].

Xl for wideband PMI

Information field

2 for wideband

Information field PMI
or per subband PMI
( i1,1 i1,2 ) iy
I3
CodebookMode=1 CodebookMode=2 CodebocikMode— CodebookMode=2
Rank = 1 with
N.O, N,O

>2 CSI-RS Uogz[Nlol'Nzoz)] [log, 12 = 22 2)] N/A 2 4
ports, Ny>1
Rank = 1 with N.O

>2 CSI-RS [log,(N,0,'N,0,/I|  [log, il N/A 2 4
ports, N,=1
Rank=2 with 4 N.O
CSI-]?S_[iorts, [log,(N,0,-N,0,|| [log, 12 1)] 1 1 3

,=
Rank=2 with >4
N.O, N,O
CSI-RS ports, [logQ(NlOl~N202)] [log 171 7272 1 2 1 3
‘ 2
N,>1 2 2
Rank=2 with >4 N.O
CSI-]\I]{S_[iorts, [log,(N,0,"N,0,|] [log, 12 L 2 1 3
,=
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Rank=3 or 4, ,
with 4 CSI-RS [log,(N,0,'N, 0, 0 1
ports
Rank=3 or 4,
with 8 or 12 Hng(NloszOz” 2 !
CSI-RS ports
Rank=3 or 4, N.O
with >=16 CSI- [log,| ——N,0,|] 2 1
RS ports 2
Rank=5 or 6 [log,(N,0,-N,0,]| N/A 1
Rank=7 or 8, N, 0,
Nl =4, N2 =1 [logz 5 'N202 ] N/A 1
Rank=7 or 8, N,O,
N, >2,N, =2 [log,|N,0,-——]| N/A 1
Rank=7 or 8,
with
N, >4,N, =1
or [log,(N,0,'N,0,| N/A 1
N,=2,N, =2
or
N, >2,N,>2

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

N_,N,N
9> 2) and (01’02] are given by Subclause 5.2.2.2.2 in [6, TS 38.214].
Table 6.3.1.1.2-2: PMI of CodebookType= Typel-MultiPanel
X,
X Information fields for
Information fields 1 for wideband wideband
or per subband
(o, e Ly | L Lap| liag| R Lo hi | Iy
. N =2
Rank=1with ~ ¢ [log,(N,O'N,O,]|| NIA | 2 | NA | NJA | 2 N/A | NA | NA
CodebookMode=1
) N =4 ‘
Rank=1 with 9 [log,(N,O,'N,O,|l| NA | 2 2 2 2 | NA | NA | NA
CodebookMode=1
Rank=2 with Ng =2 ,
NN. =2 [log,[N,O0,"N,O,|l| 1 2 | NA | NA| 1 N/A | NA | NA
1772 !
CodebookMode=1
Rank=3 or 4 with [log,(N,0,-N,0,||| 0 2 | NA | NA| 1 | NA | NA | NA
N 9—2 ’
NN, =2
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CodebookMode=1

Rank=2 or 3 or 4 with
N = 2
N,N, >?2
CodebookMode=1
N =4

Rank=2 with Y ,
N,N, =2 [log,(N,0,'N,0,]I| 1 2 2 2 1 | vA | NA | NA

’ [log,(N,0,'N,0,]l| 2 2 | NA | NA | 1 N/A | N/A | NA

CodebookMode=1

Rank=3 or 4 with
N = 4

NlN , = 2

CodebookMode=1

; [log,(N,O;'N,0,]I| 0 2 2 2 1 | NNA | NA | NA

Rank=2 or 3 or 4 with
N = 4
NlN , > 2
CodebookMode=1
N =2

Rank=1with ¢ [logz(NlOl-NZOZ)] N/A | 2 2 N/A | NA 2 1 1
CodebookMode=2

Rank=2 with N 9_2 , \
NN. =2 [log,[N,O,'N,O,|l| 1 2 2 | NnA | NA| 1 1 1
1772

; [log,(N,0,'N,0,]l| 2 2 2 2 1 N/A | NJA | N/A

CodebookMode=2

Rank=3 or 4 with
N = 2

NlN , = 2

CodebookMode=2

; [log,(N,0,'N,0O,|l| o0 2 2 | NJA | N/A 1 1 1

Rank=2 or 3 or 4 with
N = 2

NlN , > 2

CodebookMode=2

; [log,(N,0,-N,0,]I| 2 2 2 | NA|NA| 1 1 1

The bitwidth for RI/LI/CQI of CodebookType=Typel-SinglePanel is provided in Tables 6.3.1.1.2-3.

3GPP



Release 15 52 3GPP TS 38.212 V15.1.1 (2018-04)

Table 6.3.1.1.2-3: R, LI, and CQI of CodebookType=Typel-SinglePanel

Bitwidth
Field 2 antenna 4 antenna >4 antenna ports
ports ports Rank1~4 Rank5~8
Rank Indicator min|1,[log, g, | min (2,[log, ng || [log,ng,| [log,ng, |
Layer Indicator min(\2,[log2RI]\] min(2,[log2RI]J min(Z,[longI]) min|2,[log,RI]|
Wide-band CQI 4 4 4 8
Subband differential 5 2 2 4
cal
CSI-RS CSI-RS CSI-RS CSI-RS
CRI [log,| KT | [1og,[KSI[1 | [log,[KSR)]| [log,| KSIR)]

If the higher layer parameter Number_CQI is not configured or Number_CQI=1, i in Table 6.3.1.1.2-3 is the
number of allowed rank indicator values in the 4 LSBs of the higher layer parameter Typel-SinglePanel-RI-Restriction

according to Subclause X.X [6, TS 38.214]; otherwise Mgy in Table 6.3.1.1.2-3 is the number of allowed rank
CSI-RS

indicator values according to Subclause X.X [6, TS 38.214]. The value of s is the number of CSI-RS
resources in the corresponding resource set.

The bitwidth for RI/LI/CQI of CodebookType= Typel-MultiPanel is provided in Table 6.3.1.1.2-4.
Table 6.3.1.1.2-4: RI, LI, and CQI of CodebookType=Typel-MultiPanel

Field Bitwidth
Rank Indicator min (2,[log,ny, ||
Layer Indicator miﬂ(\z,ﬂongI]\]
Wide-band CQI 4
Subband differential 2
CcQl
CSI-RS
CRI [logz(Ks )1
Where ™ is the number of allowed rank indicator values according to Subclause X.X [6, TS 38.214], and
CSI-RS
KS is the number of CSI-RS resources in the corresponding resource set.

The bitwidth for RI/LI/CQI of CodebookType= Typell 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, ng |
Layer Indicator min|2,[log,RI]|
Wide-band CQI 4
Subband differential CQI 2
Indicator of the number of non-zero
wideband amplitude coefficients M, for [logz(ZL - 1”
layer I
CSI-RS|
CRI [log, [KE %]
Where ™ is the number of allowed rank indicator values according to Subclause X.X [6, TS 38.214], and
CSI-RS
KS is the number of CSI-RS resources in the corresponding resource set.

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

Field Bitwidth
CSI-RS
CRI [logz(Ks ]]
. SSB
SSB index [logZ(Ks )]
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 'SSBRI/RSRP".

Table 6.3.1.1.2-7: Mapping order of CSI fields of one CSI report, PMI-Formatindicator=widebandPMI
and CQI-Formatindicator=widebandCQI

A csl fields
number
CRI as in Tables 6.3.1.1.2-3/4/5, if reported
Rank Indicator as in Tables 6.3.1.1.2-3/4/5, if reported
Layer Indicator as in Tables 6.3.1.1.2-3/4/5, 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, if reported
Wideband CQI as in Tables 6.3.1.1.2-3/4/5, if reported

Indicator of the number of non-zero wideband amplitude coefficients Ml for layer [ asin
Table 6.3.1.1.2-5, if reported

The number of zero padding bits Op  in Table 6.3.1.1.2-7 is Op :NmaX_Nreporled , where
N,_..= max Bir] S

- " €S Rank and “Rak is the set of rank values I that are allowed to be reported,;

- Nreported: BIR| ,where R is the reported rank;

- For 2 CSI-RS ports, BIr|=Noyy|r [+ Nogy r |+ N r| .

- For more than 2 CSI-RS ports, B[‘r]:NPMLil [rH-NPMLiZ“rJ+NCQI[rJ+NU[r) ;

- if PMI is reported, Npw1=2 gng - Npl2/=1 ; otherwise, Npyy[r/=0 ;

- if PMI is reported, PMLil is obtained according to Tables 6.3.1.1.2-1/2; otherwise, PMLil ;
. iV N 1r| . . . . . N [r]:O .

- if PMI is reported, PMLi2 is obtained according to Tables 6.3.1.1.2-1/2; otherwise, PMLi2 ;
) . N..Irl . . . , . N_.lrl=0

- if CQl is reported, cQ is obtained according to Tables 6.3.1.1.2-3/4; otherwise, cQl ;
. . N . r] . . . . . N, [r|=0

- if LI isreported, “'LI is obtained according to Tables 6.3.1.1.2-3/4; otherwise, LI
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Table 6.3.1.1.2-8: Mapping order of CSl fields of one report for CRI/IRSRP or SSB/RSRP reporting

CSl report

number CSil fields

CRI or SSB index #1 as in Table 6.3.1.1.2-6, if reported
CRI or SSB index #2 as in Table 6.3.1.1.2-6, if reported
CRI or SSB index #3 as in Table 6.3.1.1.2-6, if reported
CRI or SSB index #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

CSl report #n
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

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

CSl report nhumber CSil fields

CRI as in Tables 6.3.1.1.2-3/4/5, if reported
Rank Indicator as in Tables 6.3.1.1.2-3/4/5, if reported

CSl report #n Wideband CQI for the first TB as in Tables 6.3.1.1.2-3/4/5, if reported
CSlpartl Subband differential CQI for the first TB as in Tables 6.3.1.1.2-3/4/5, if reported
Indicator of the number of non-zero wideband amplitude coefficients Ml for layer I as

in Table 6.3.1.1.2-5, if reported

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

CSl report

CSil 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 X
CSl part 2 PMI wideband information fields 1, from left to right as in Tables 6.3.1.1.2-1/2, if reported
wideband

PMI wideband information fields XZ , from left to right as in Tables 6.3.1.1.2-1/2, if PMI-
Formatlindicator= widebandPMI and if reported

Table 6.3.1.1.2-11: Mapping order of CSl fields of one CSI report, CSl part 2 subband, PMI-
Formatindicator= subbandPMI or CQI-Formatindicator=subbandCQlI

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

PMI subband information fields X2 of all even subbands with increasing order of subband
number, from left to right as in Tables 6.3.1.1.2-1/2, if PMI-Formatindicator= subbandPMI and if
reported
Subband differential CQI for the second TB of all odd subbands with increasing order of subband
number, as in Tables 6.3.1.1.2-3/4/5, if CQI-Formatindicator=subbandCQI and if reported

CSl report #n
Part 2 subband

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, if PMI-Formatindicator= subbandPMI and if
reported
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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 Gy, 0y, 0350255
starting with G
Table 6.3.1.1.2-12: Mapping order of CSI reports to UCI bit sequence Gy, 1,0y, 03554
two-part CSI report(s)

A-1 | without

UCI bit sequence CSl report number
aO CSl report #1
asin Table 6.3.1.1.2-7/8
a
1 CSl report #2
(12 as in 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,

V) gl g g ) a? 42 42 42 g
0 TR 03 By gpd O 0T T2 T3 il The CSI fields of all CSI reports, in the order from
(1) 1) (1) (1) (1
0 501 0y 505 ey )

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

1
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
(2) () (2) (2) (2) (2)
mapped to the UCI bit sequence IR R Y = starting with 0

(1) (1) (1) (1) (1)
Table 6.3.1.1.2-13: Mapping order of CSI reports to UCI bit sequence I R

with two-part CSI report(s)

UCI bit sequence CSl report number

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

a?“ as in Table 6.3.1.1.2-7/8/9

q CSl report #2 if CSI report #2 is not of two parts, or

(1) CSl report #2, CSl part 1, if CSI report #2 is of two parts,
0y as in Table 6.3.1.1.2-7/8/9

!

ah) CSl report #n if CSI report #n is not of two parts, or

A1 CSl report #n, CSl part 1, if CSI report #n is of two parts,
as in Table 6.3.1.1.2-7/8/9
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(2) (2) (2) (2) (2)
Table 6.3.1.1.2-14: Mapping order of CSI reports to UCI bit sequence R I R O
with two-part CSI report(s)
UCI bit sequence CSl report number
CSl report #1, CSI part 2 wideband, as in Table 6.3.1.1.2-10
if CSl part 2 exists for CSI report #1
CSl report #2, CSI part 2 wideband, as in Table 6.3.1.1.2-10
if CSI part 2 exists for CSI report #2
agﬁ
0(2)
1 CSl report #n, CSI part 2 wideband, as in Table 6.3.1.1.2-10
0‘22) if CSI part 2 exists for CSl report #n
0{32) CSl report #1, CSl part 2 subband, as in Table 6.3.1.1.2-11
. if CSI part 2 exists for CSI report #1
0(21 CSl report #2, CSl part 2 subband, as in Table 6.3.1.1.2-11
A1 if CSI part 2 exists for CSI report #2
CSl report #n, CSI part 2 subband, as in Table 6.3.1.1.2-11
if CSI part 2 exists for CSI report #n
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 0y, 0y, A35-- 04

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

_~ACK

- the HARQ-ACK bits are mapped to the UCI bit sequence R , where %i=0i for
' ACK GAK (AR s
i=0,1,...,07" =1 the HARQ-ACK bit sequence ' > "' »"0"1" s given by Subclause 9.1 of [5,

TS38.213],and 0" is number of HARQ-ACK bits;

—~SR _ ~ACK ~ACK ACK SR
- if SR is transmitted on the PUCCH, set 4;=0; for 1=0,077+1,...,07+0" -1 , where the SR
~SR {~SR ~SR

0y sy O (0
bit sequence ! Ogft-1 is given by Subclause x.x of [5, TS 38.213];

- 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 ! a csl
the UCI bit sequence 0" ™+0™’ "0 ®+0%41°"" ?Z0AKs0R40%11  giarting 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)

a, ’,a;’,a, ,ay",...,a |y a,”’,a;”’,a,",ay’,...,a . .

0 271 272 0 A1 and 0 071 T2 T3 A%-1  according to the following, where

A( ):OACK+O +OCSI—part1 and A(2):Oc51-panz

a(l) a(l) a(l) a(l] a(lJ (1)_ ~ACK
- the HARQ-ACK bits are mapped to the UCI bit sequence 0 *"1 *"2 *™3 »"»"0"*-1  ywhere % =0
SACK [NACK ACK

. ACK 0 ey 0 b
for 1=0,1,...,07" =1 the HARQ-ACK bit sequence 0 ' L "T0™-1" s given by Subclause 9.1 of
[5,TS38.213], and 0" is number of HARQ-ACK bits;

~SR

_ _ ~ACK ~ACK ACK, ~SR
- if SR is transmitted on the PUCCH, set a;=0; for i=0"7,07+1,...,,07+0" -1 , where the SR
~5R {~SR ~SR

(2 oo
bit sequence 1 OSR-l is given by Subclause x.x of [5, TS 38.213];
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- 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)

<oy pack , 3R, (Cstpart_

CSl-partl
+0°7+0 O P

. a a ) a .
the UCI bit sequence  0"“+0*’ " 0" ™01’ OACK, 3R s

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

1 starting with , where

- 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

@ () (2 (2 () ) .
. a,’,a, ’,a, ,ay ,...,a . . part2
the UCI bit sequence ~° *7% *72 *73 A1 starting with % where O

CSI bits in CSI part 2 of all CSI reports.

is the number of

6.3.1.2 Code block segmentation and CRC attachment

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

The UCI bit sequence from subclause 6.3.1.1 is denoted by -1 ,where A isthe payload size.

The procedure in 6.3.1.2.1 applies for A=12  and the procedure in Subclause 6.3.1.2.2 applies for A<ll
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 Subclause

52.1.1f A=360 gpq E=1088 , Isegzl ; otherwise ISEQ:O ,where E is the rate matching output
sequence length as given in Subclause 6.3.1.4.

if 12<A<I9 , the parity bits ProsPrioPro»->Priiy i Subclause 5.2.1 are computed by setting L to0 6 bits and

D] CroCrivCra Gy Crk 1)

using the generator polynomial Yeres in Subclause 5.1, resulting in the sequence

where T is the code block number and Kr is the number of bits for code block number

if A=20 , the parity bits Pro:PrioPro»->Prii1 jn Subclause 5.2.1 are computed by setting L t0 11 bits and

C..,C.,C,,C

ro’tr12r2e r3""’Cr{Kr—1}

using the generator polynomial Jeren D! in Subclause 5.1, resulting in the sequence

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

6.3.1.2.2 UCI encoded by channel coding of small block lengths

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

The output bit sequence is denoted by € Cp € Cyoes Cgy , where ¢=0 for 1=0,1..,A-1 4pg K=A
6.3.1.3 Channel coding of UCI
6.3.1.3.1 UCI encoded by Polar code

c.,,C

crO’Crl’ r2’ r3""’Cr\fKr71]

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

I is the code block number, and Kr 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:

18SKFS25 , the information bits are encoded via Polar coding according to Subclause 5.3.1, by setting
—_ — — wm __ wm __
N =10 1,=0 — npe=3 mpe=1 3 E-K+3>192 4 npc=0 ¢ E K +3<192

>

If

5

where E, is the rate matching output sequence length as given in Subclause 6.3.1.4.1.

If Kr>30 , the information bits are encoded via Polar coding according to Subclause 5.3.1, by setting Minax = 10 ,

_ wm _
I,=0  npe=0 g Mec=0

d,d.d.,d.,....d,._ . o
After encoding the bits are denoted by " V23 (N1 where N. " is the number of coded bits in code

block number r
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6.3.1.3.2

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

the number of bits.

58

The information bits are encoded according to Subclause 5.3.3.

After encoding the bits are denoted by

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

»UN-1 | where N is the number of coded bits.

CsCpsCpsCapennsC
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UCI encoded by channel coding of small block lengths

K-1 | where K i

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

6.3.1.4 Rate matching
PUCCH, 2 PUCCH, 3
N symb, UCI N symb, UCI " and
NPUCCH,Z

respectively; PRB

2/3 transmission respectively according to Subclause x.x of [5, TS38.213]; and N

and N

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

are the number of PRBs that are determined by the UE for PUCCH formats
PUCCH, 4
SF

is the spreading factor for

PUCCH format 4.
Table 6.3.1.4-1: Total rate matching output sequence length Eo
Modulation order

PUCCH format QPSK TU2-BPSK
PUCCH, 2 5,PUCCH, 2

PUCCH format 2 symb, ver Nors N/A
PUCCH, 3 »,PUCCH, 3 PUCCH, 3 5,PUCCH, 3

PUCCH format 3 symb, Ul VbR 12-N i, ver Nerg
PUCCH, 4 ; nyPUCCH, 4 PUCCH, 4 ; »,PUCCH, 4

PUCCH format 4 symb, uct! N s 12-N oo verl Nop

6.3.14.1

UCI encoded by Polar code

The input bit sequence

N

d,d,d

. . d bl bl bl Y ,d .
to rate matching is '’ "1 23 (N1 where r is the code block number, and

r  is the number of coded bits in code block number 7

Table 6.3.1.4.1-1: Rate matching output sequence length Eya
UCI(s) for
trans:\liJsgg): on a UCI for encoding Value of EUCI

HARQ-ACK HARQ-ACK Ey=E,

HARQ-ACK, SR HARQ-ACK, SR Ey=E,,

CSl —

(CSI not of two parts) csl By =By

HARQ-ACK, CSI =

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

HARQ-ACK, SR, CSI HARQ-ACK, SR, E. =E

(CSI not of two parts) | CSI UCT ot

csi CSl part 1 Ey=min|E, [0+ L]/RI=/Q 1-Q, |

(&3 aitro pars) CSl part 2 Ey=E—min|E,, [0S+ L|/R™/Q 1-Q,|
HARQ-ACK, CSI . ACK , ~CSl-partl, 71 |

HARQ-ACK, CSI part 1 Eyg=min|E,,[[0A+0 Pr +L)/RE§§/Qm]-Qm)

(CSI of two parts) CSl part 2 EUCI:Emt_ min Etm; [[OACK+ OCSI-paIﬂ"’L)/RE?:);/Qm]'Qm)
HARQ-ACK, SR, . ( .

HARQ-ACK, SR, CSI | cs r%rt 1 Eyq=min|E,,,[[0**+0%+0%! pa“1+L)/R$gXI/Qm]~Qm)

(CSI of two parts) CSl part 2 EUCI:Etot_ min Emt, [(OACK+ OSR+OCSI—pa1‘t1+L)/R$é);/Qm].Qm)
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Rate matching is performed according to Subclause 5.4.1 by setting Teu=1"" and the rate matching output sequence

length to E,=|Eyc/Cucr , where Cua is the number of code blocks for UCI determined according to

Subclause 6.3.1.2.1 and the value of Ege is given by Table 6.3.1.4.1-1:
ACK
- 0 is the number of bits for HARQ-ACK for transmission on the current PUCCH;

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

CSl-partl
0 is the number of bits for CSI part 1 for transmission on the current PUCCH;

CSI-part2
0 is the number of bits for CSI part 2 for transmission on the current PUCCH;

- L is the number of CRC bits;

max
Rucr is the configured maximum PUCCH coding rate;

- Etot is given by Table 6.3.1.4-1.
frO’frl’frZ"“’fr(Eyfl)

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

matching output sequence in code block number r

6.3.1.4.2 UCI encoded by channel coding of small block lengths
d,d,d,,..d

The input bit sequence to rate matching is ~0°"1"2 " N-1

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

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

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

6.3.1.5 Code block concatenation

frO’frl’frZ""’fr(Eyfl)

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 T -th code block.

Code block concatenation is performed according to Subclause 5.5.

The bits after code block concatenation are denoted by 9009129293091 , where G :lEUCI/CUCI “Cuar with

E C

the values of ~UCl and ~UCl  given in Subclause 6.3.1.4.1. Let G be the total number of coded bits for

transmission and G=G +m0d(EUC1’CUCI] . 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

alt) gl gl gl g(l) g(l) g(ll g(l) g(l)
0 0% %2083 Ty s denoted by Y0 T 92 093 > I6oy and the coded bits corresponding to UCI bit
(2) (2) (2) (2) (2) ) (2) (2) (2) (2)
sequence 0 M GGy e danoted by 90 091 292 293 59621 The coded bit sequence

9991929355961 , where G=G"+c"” , is generated according to the following.
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Table 6.3.1.6-1: PUCCH DMRS and UCI symbols

PUCCH | oucch ouRs Sgﬂ@fﬂrg’gl 1% UCI symbol | 2" UCIsymbol | 3¢ UCI symbol
duration DN indices sets indices set indices set indices set
symbol indices (1) (2) (3)

(symbols) N Suai Suci Sva

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 g as UCI OFDM symbol index. Denote Nua as the number of elements in UCI symbol indices set

S(x) i=1 N S[z) N
uct - for 700 UCL where “UCL and  “'UCT - are given by Table 6.3.1.6-1 according to the PUCCH
N
PUCCH, _ (i)
. i . N gymb, ver= Z Nya
duration and the PUCCH DMRS configuration. Denote i=1 as the number of OFDM symbols

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

oymbol _ 1 \PUCCH [PUCCHS3
For PUCCH format 3, set ucr PRB , where PRB is the number of PRBs that is determined by
the UE for PUCCH format 3 transmission according to Subclause x.x of [5, TS 38.213].

Nsymbol =12/ NPUCCH, 4 NPUCCH, 4

For PUCCH format 4, set ucr SF , where ~'SF is the spreading factor for PUCCH format 4.

N(l)

i ‘NSymbOI'QmZG(l)

J
ucl
i=1

Find the smallest ] >0 such that

Set n1:0 ;

j—1 . )

G(l)_(z NSEZI)Ni}/g}bO]Qm /(Ng()ZIQm)
i=1

Set L ;

Jj—1 . ,
M=mod c<1>—(2 Nggl)-zvggb“-om)/om,N‘dél
i=1
Set ;

PUCCH,
for [=0 to Nsymb,UCI_1
SETS(”
if I =1 UCI
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symbol
for k=0 o Nyar ~1

for V=0 o Q-1

— _ (1
91,k,v=9n,

>

n=n+1

>

end for

end for

(j)
elseif 5! ESUJCI

if M>0

xsymbol
for k=0 o Nia +y—1

for V=0 o @l

- _ (1)

gl,k,v_gn1

n=n+1 ’
end for

end for

__ xysymbol symbol _
tor K=Nioa +v  Nia -1

for V=0 o @l

gl,k,v:gi) ;
n,=n,+1 ’
end for
end for
else

bol
for k=0 o N;ygllo_l

for V=0 o @7l

3GPP
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- _ (2
9i,k,v=9n,

n,=n,+1 ,
end for
end for
end if
end for
Set n=0

PUCCH,
for 120 o Nymva~l

bol
for k=0 o N;yénlo_l

for V=0 o Q-1
gn:gl,k,v
n=n+1

end for
end for

end for

6.3.2 Uplink control information on PUSCH

6.3.2.1 UCI bit sequence generation
6.3.2.1.1 HARQ-ACK

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

follows:

Ay, Ap,0y, 35,044

3GPP TS 38.212 V15.1.1 (2018-04)

is determined as

- 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 Subclause 9.1 of [5, TS 38.213], set

A=2

>

~ACK

- if there is only one HARQ-ACK bit %0 given by Subclause 9.1 of [5, TS 38.213], set 90~ %0

(11—0 ,and A=2 .
a _f(\)/ACK

- otherwise, ser i~ i

~ACK ~ACK ~ACK

0 ey 0 sk b
sequence 0 'L UToMo

6.3.2.1.2 CsSl

aO—O ’ a,=0 and

_~ACK

. ACK ACK
for i=0,1,...,0 -1 and A=0 , where the HARQ-ACK bit

is given by Subclause 9.1 of [5, TS 38.213].

NN,

The bitwidth for PMI of CodebookType=Typell is provided in Tables 6.3.2.1.2-1, where the values of ( v 2]

M

PSK

(01’02] , Lo N M1

3GPP
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Table 6.3.2.1.2-1: PMI of CodebookType= Typell

Information fields for wideband PMI Information fields per subband PMI
Iy I ap | Mg | Tizp | g b b1 b oo
Rank=1
sBAmp| /108010 [og: NV Tlog,2L| 301-| N/A | N/A | (M,=1log,Nogy N/A N/A N/A
off \
Rank=2 ’
SBAmp Hng(OlOz: [log, Nl Hng‘:ZL:‘ 32L- Hng‘:ZLI‘ 321~ ‘:lel)'lngNPSK ‘:szl)'IngNPSK N/A N/A
off
Rank=1 . min\:M],K\Z):\-IDgZNPSK
1 O O | 2 ‘ ‘ - —lo; zNPsK min‘ r m“i
SBAmp [log,(0,0,| nogz\ 1) [logy[2L) 320~ N/A | N/A +2.(gM R — N/A (M, K N/A
()I] 1 \ 12 |
Rank=2 . min|M,,K'?|log, N | min[M,,K'?))-log, N,
10 0 O 1 ( 12 10 ‘ZL‘ 32L_ 10 ‘2L:‘ 32L_ _IOgZNPSK —logzNPSK min(Ml,K[2‘:\f min\:MZ,Km"—l
SBAHlp [ gZ[ . [ng L { gz | { gz | +2~(M1*rnin\:M1,K’2“H +2‘(M1*min[M2,Km
on

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

PCSI‘RS , d , L Nesi , M, , M, , and K* are given by Subclause 5.2.2.2.4 in [6, TS 38.214].

Table 6.3.2.1.2-2: PMI of CodebookType= Typell-PortSelection

Information fields for wideband PMI Information fields per subband PMI
g har | e | e | g b1 b1 Ly 22
Rank=1 P
CSI-RS 1l | A
SBAmp [logz[—Zd Il Mog,l2L1]| 3[2L-1) N/A N/A | (M,~1]log,Npg N/A N/A N/A
off
Rank=2 P
SBAmp [log2[ CQSI(;RSH [logZ{ZLk] 312L-1] [log,(2L|| 3[2L-1|| [M,~1]-log,Npg |M,—1]-log, N o, N/A N/A
off
Rank=1 P miﬂﬂMl,K[Z)}-logzNPSK
CSI-RS 10 ‘ZL:‘ 3‘2[,—1\ 710g2Nl’SK min\le,Km:\—
spamp| [og = =1l Mlog2L] | NA | NA | et N/A N/A
on \ { )
Rank=2 p min|M,,K'?|log, N | min(M,,K'?)-log,N
o GRS log,[2L)]| 312L-1] [log,(2L|]| 3[2L—1|| —log:Nps | o8 No min(31, K|~ min(p,, k7)1
SBAmp [ gQ[ 2d H 2 2 +2A[‘M1—min[M1,K(Z]H +2-(M27min[M2,Km
on

a(l) a(l) afl) a(lJ Y
For CSI on PUSCH, two UCI bit sequences are generated, ° ! 2’73 *7"7 Al
(2) (2) (2) (2) (2)
Q> >0 03 50,0 The ¢S] fields of all CSI reports, in the order from upper part to lower part in Table
(1) (1) (1) (1) (1) (1)
6.3.2.1.2-6, are mapped to the UCI bit sequence ° * %2 >® > %0 ganing with % . The CSI fields of all

CSI reports, in the order from upper part to lower part in Table 6.3.2.1.2-7, are mapped to the UCI bit sequence
a(z) a(Z) a(zl a(21 a? (2)
0051 0R2 083 o TRy starting with 90
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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 or SSB index as in Tables 6.3.1.1.2-6, if reported
Rank Indicator as in Tables 6.3.1.1.2-3/4/5, if reported
Wideband CQI as in Tables 6.3.1.1.2-3/4/5, if reported
CSl report #n Subband differential CQI for the first TB as in Tables 6.3.1.1.2-3/4/5, if reported

CSlpart1

Indicator of the number of non-zero wideband amplitude coefficients Ml for layer [ as
in Table 6.3.1.1.2-5, if reported
RSRP as in Table 6.3.1.1.2-6, if reported
Differential RSRP as in Table 6.3.1.1.2-6, if reported

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

CSl report

CSil 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
CSl part 2
wideband

PMI wideband information fields X1 , from left to right as in Tables 6.3.1.1.2-1/2 or
6.3.2.1.2-1/2, if reported

PMI wideband information fields X2 , from left to right as in Tables 6.3.1.1.2-1/2 or
6.3.2.1.2-1/2, 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 CQI-FormatIndicator=subbandCQI and if
reported

PMI subband information fields X2 of all even subbands with increasing order of subband
number, from left to right as in Tables 6.3.1.1.2-1/2 or 6.3.2.1.2-1/2, if PMI-Formatindicator=
subbandPMI and if reported
Subband differential CQI for the second TB of all odd subbands with increasing order of subband
number, as in Tables 6.3.1.1.2-3/4/5, if CQI-Formatindicator=subbandCQI and if reported

CSl report #n
Part 2 subband

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, if PMI-Formatindicator=
subbandPMI and if reported

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

Table 6.3.2.1.2-6: Mapping order of CSlI reports to UCI bit sequence I R S
with two-part CSI report(s)
UCI bit sequence CSl report number

q CSl part 1 of CSl report #1 as in Table 6.3.2.1.2-3

M
1

Al CSl part 1 of CSl report #2 as in Table 6.3.2.1.2-3
2
(1)

0y
( .

aAl:)u_l CSil part 1 of CSl report #n as in Table 6.3.2.1.2-3
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(2) (2) (2] (2) (2)

Table 6.3.2.1.2-7: Mapping order of CSI reports to UCI bit sequence Qo @ » 0 L0350y, ,
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
if CSl part 2 exists for CSI report #1
CSl report #2, CSl part 2 wideband, as in Table 6.3.2.1.2-4
if CSI part 2 exists for CSI report #2
0‘02)
0[2)
1 CSl report #n, CSI part 2 wideband, as in Table 6.3.2.1.2-4
0‘22) if CSI part 2 exists for CSl report #n
0‘32’ CSl report #1, CSl part 2 subband, as in Table 6.3.2.1.2-5
. if CSI part 2 exists for CSI report #1
a(';l CSl report #2, CSl part 2 subband, as in Table 6.3.2.1.2-5
A% if CSI part 2 exists for CSI report #2
CSl report #n, CSI part 2 subband, as in Table 6.3.2.1.2-5
if CSI part 2 exists for CSI report #n
6.3.2.2 Code block segmentation and CRC attachment

ay,0,,0,,ds,...,d,

Denote the bits of the payload by -1 ,where A isthe payload size. The procedure in 6.3.2.2.1

applies for A212 and the procedure in Subclause 6.3.2.2.2 applies for A<l
6.3.2.2.1 UCI encoded by Polar code

Code block segmentation and CRC attachment is performed according to Subclause 6.3.1.2.1.
6.3.2.2.2 UCI encoded by channel coding of small block lengths

The procedure in Subclause 6.3.1.2.2 applies.

6.3.2.3 Channel coding of UCI

6.3.2.3.1 UCI encoded by Polar code

Channel coding is performed according to Subclause 6.3.1.3.1.

6.3.2.3.2 UCI encoded by channel coding of small block lengths

CsCpsCpsC c

Information bits are delivered to the channel coding block. They are denoted by 263001 where K s

the number of bits.

The information bits are encoded according to Subclause 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
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For HARQ-ACK transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for
HARQ-ACK transmission, denoted as QACK , is determined as follows:

PUSCH _
symb,all

PUSCH ucl
(OACK+LACK)'Boffset ) 1221 M ] Nt~ 1
' ; = ucI
Qpck=min|| S |.[a 121: M, (1]

2 K '
r=0
where

- OACK is the number of HARQ-ACK bits;

- Lacx is the number of CRC bits for HARQ-ACK;

PUSCH __ ,HARQ- ACK
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, Kr =0; otherwise, Kf isthe Tr -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;
MPTES(]) - | | |
- s¢ is the number of subcarriers in OFDM symbol that carries PTRS, in the PUSCH
transmission;
M) - . |
- s is the number of resource elements that can be used for transmission of UCI in OFDM symbol ,
1=0.12. . NPUSCH 4 PUSCH
for > & Ssymball , in the PUSCH transmission and ' symball  js the total number of OFDM

symbols of the PUSCH, including all OFDM symbols used for DMRS;

. MU (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) ;

a € 0.5, 0.65, 0.8, 1}

- is configured by higher layer parameter uci-on-pusch-scaling;

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

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

HARQ-ACK transmission, denoted as QACK , is determined as follows:

PUSCH
Nsymb all_1
PUSCH Z UCLp| puscr
(OACK+LACK) offset M (” Noymban 1
_ UCI
Q sk =min [ 5 Z Ml
cst
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where
- OACK is the number of HARQ-ACK bits;

- Lacx is the number of CRC bits for HARQ-ACK bits;

- OCSI is the number of bits for CSI part 1;

PUSCH _ HHARQ- ACK ; ,CSI—partl
p p IBotrec

- offset offset offset ;
MPUSCH
- sC is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
MPEES(]) - 1 | |
- s¢ is the number of subcarriers in OFDM symbol that carries PTRS, in the PUSCH
transmission;
M)

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

1=0.1.2.. . NPUSCH 4 pyPuscH
for T o symball , in the PUSCH transmission and ~ symball  js the total number of OFDM

symbols of the PUSCH, including all OFDM symbols used for DMRS;

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

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

- Ly 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.

d,d,d

. . . . d ) 3 bl yeee !d ) .
The input bit sequence to rate matching is "0 "V ¥ 3 r(N=1) where T is the code block number, and

N, is the number of coded bits in code block number T
Rate matching is performed according to Subclause 5.4.1 by setting Ten=1" and the rate matching output sequence
length to Er:lEUCI/CUCIJ , where
C

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

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

Qm is the modulation order of the PUSCH;
Eyi =N Q' yex Qy

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 r

6.3.2.4.1.2CSI part 1
For CSI part 1 transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for CSI part

1 transmission, denoted as QCSI—PHFtl , is determined as follows:
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where

The input bit sequence to rate matching is

N

r

NPUSCH _ 4
symb,all
\ pPUSCH UCI
(OCSI—1+LCSI—1)'B0ffset ) IZ: Msc (l) N;E:bc,:llfl
, . =0 ucI '
Qesy =min || Corson 1 lla- IZ;, M 1= Quek
K,
r=0

OCS“ is the number of bits for CSI part 1;

Lesi is the number of CRC bits for CSI part 1;

PUSCH __ [,CSI-partl
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 CBGTI field indicating that the UE shall not

transmit the T -th code block, Kr =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;
M (1) - | | |
s¢ is the number of subcarriers in OFDM symbol that carries PTRS, in the PUSCH
transmission;

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

Mg
1 _ \ 7 ACK
QACK_ Msc,rvd(l)
number of HARQ-ACK information bits is more than 2, and 1=0 if the number of
7 ACK
sc, rvd ( )

is the number of reserved resource

PUSCH
1:0, 1,2, ey NSYlle,ﬂH_]'

HARQ-ACK information bits is no more than 2 bits, where

elements for potential HARQ-ACK transmission in OFDM symbol I , for , in the

PUSCH transmission, defined in Subclause 6.2.7;

M) L .

s¢ ( ) is the number of resource elements that can be used for transmission of UCI in OFDM symbol l ,
1=0.12. . NPUSCH _4 PUSCH

for > & Ssymball , in the PUSCH transmission and ' symball  js the total number of OFDM

symbols of the PUSCH, including all OFDM symbols used for DMRS;

. MU (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) ;

a € 0.5, 0.65, 0.8, 1}

is configured by higher layer parameter uci-on-pusch-scaling.

d.d.d.,d...d,.,_ .
r0e>rl>r2 s riN-1 where T is the code block number, and

is the number of coded bits in code block number r
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Rate matching is performed according to Subclause 5.4.1 by setting Teu=1"" and the rate matching output sequence
length to E,=|Eyc/Cucr , where

C

- Ul is the number of code blocks for UCI determined according to Subclause 5.2.1;

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

Qm is the modulation order of the PUSCH;
Eyo=N; Qs 1Qy

frorfrvfrz’”'rfr(lsr—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 r

6.3.2.4.1.3CSI part 2
For CSI part 2 transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for CSI part

2 transmission, denoted as QCSI—PHFQ , is determined as follows:

PUSCH

symb,all
PUSCH ucI
(OCSI-2+LCSI-2)'Boffset ’ IZO M. m ny[fb(fﬁrl
' . = uct ' '
Qcsip=min | Cop o1 l.la- Z M 1= Qe —Qcsi
< 1=0
K,
r=0

where
= Ocsiz is the number of bits for CSI part 2;

- Lest is the number of CRC bits for CSI part 2;

PUSCH __ ,CSI-part2
ﬁ 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, Kr =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;
M (1) o | | |
- s¢ is the number of subcarriers in OFDM symbol that carries PTRS, in the PUSCH
transmission;

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

number of HARQ-ACK information bits is more than 2, and Q ACK_O 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;
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uclI
- M, ( l) is the number of resource elements that can be used for transmission of UCI in OFDM symbol l ,

1=0.1.2 NPUSCH 4 pPuscH
for TS Tsymball , in the PUSCH transmission and symball s the total number of OFDM

symbols of the PUSCH, including all OFDM symbols used for DMRS;

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

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

a € 0.5, 0.65, 0.8, 1}

- is configured by higher layer parameter uci-on-pusch-scaling.

.oodg,ddd,d .
The input bit sequence to rate matching is " "V ¥ 3 r(N-1) where T is the code block number, and

N, is the number of coded bits in code block number r

Rate matching is performed according to Subclause 5.4.1 by setting Ty =1
length to E,=|Eyc/Cuc , where

C

- Ut is the number of code blocks for UCI determined according to Subclause 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;
Eye=NpQcsnQy

frorfrlrfrz""’fr(lsy—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 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 with UL-SCH, the number of coded modulation symbols per layer for

HARQ-ACK transmission, denoted as Qacx , is determined according to Subclause 6.3.2.4.1.1, by setting the
number of CRC bits L=0

dy,d,,d

The input bit sequence to rate matching is ~0°"172* "

d

N-1
Rate matching is performed according to Subclause 5.4.3, by setting the rate matching output sequence length

E:NL.Q 'ACK.Qm , 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 folifofem

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

1 transmission, denoted as QCSLl , is determined according to Subclause 6.3.2.4.1.2, by setting the number of CRC

bits L=0
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Rate matching is performed according to Subclause 5.4.3, by setting the rate matching output sequence length

E=N;-Q'cs1Q,

, 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 folifpfe

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

2 transmission, denoted as QCSL? , is determined according to Subclause 6.3.2.4.1.3, by setting the number of CRC

bits L=0

Rate matching is performed according to Subclause 5.4.3, by setting the rate matching output sequence length
E=N;-Q'cg,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 f O’f phyeofpy

6.3.2.5 Code block concatenation

Code block concatenation is performed according to Subclause 6.3.1.5, except that the values of Eyer and Cua
given in Subclause 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 Subclause 6.2.7.

7 Downlink transport channels and control information

7.1 Broadcast channel

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

- Payload generation

- Scrambling

- Transport block CRC attachment
- Channel coding

- Rate matching

7.1.1 PBCH payload generation

a

Denote the bits in a transport block delivered to layer 1 by Uy, 01,0y, G35+ ,where A isthe payload size

generated by higher layers. The lowest order information bit Gy is mapped to the most significant bit of the transport
block as defined in Subclause [6.1.4] of [8, TS 38.321].
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- 44 is the half radio frame bit Oyge ;
- if Lssp=64
EI* )(_17 )67 th th th K3 s s
A+5’TA+6A+7  are the 6", 5", and 4" bits of SS/PBCH block index, respectively.
else
aA+5 is the MSB of kﬂ as defined in Subclause 7.4.3.1 of [4, TS 38.211].
U546 Q547 are reserved.
end if

0 jHRF:10 ; jSSB:11 ; jother:14

Let A:A+8 : jSFN:

for =0 ¢ A-1
L. a4 .
if "1 is an SFN bit

aG(jSFN)_ai

Jsen=Jspntl

elseif G is the half radio frame bit

6y =W

elseif A+5S1SA+7

T6igsn) = %

>

Jssp=Jssptl

else

a.. \=da
G(JOlhery !

b

J Other =J Other+ 1

end if

end for

where LSSB is the number of candidate SS/PBCH blocks in a half frame according to Subclause 4.1 of [5,

TS38.213], and the value of G(]) is given by Table 7.1.1-1.
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Table 7.1.1-1: Value of PBCH payload interleaver pattern G(J)

jl G gl Gl g Gyl g G Gl i G i Gl Glj)
0 16 4 8 8 24 12 3 16 9 20 14 24 21 28 27
1 23 5 30 9 7 13 2 17 11 21 15 25 22 29 28
2 18 6 10 10 0 14 1 18 12 22 19 26 25 30 29
3 17 7 6 11 5 15 4 19 13 23 20 27 26 31 31

7.1.2 Scrambling

For PBCH transmission in a frame, the bit sequence Gg>150y, 035851 5 scrambled into a bit sequence

' ' ' ' ' (- .
A0 1,0 5,0 3500050 4y , where a i_((ai+si)m0d2 for 1=0,1,..,A-1 and Sps515595535++55 4 is generated

according to the following:

i=0

j=0 .
while <A

if g corresponds to any one of the bits belonging to the SS/PBCH block index, the half radio frame index, and
2" and 3" least significant bits of the system frame number

s;=0 ,
else
s;=c(j+vM) ’
j=j+1
end if
i=i+1
end while

. _ qreell
The scrambling sequence C(l) is given by Subclause 5.2.10f [4, TS38.211] and initialized with Cinit = NID at

the start of each SFN satisfying mod |SFN,8/=0 ; M=A-3 for L=4 o L=8 ang M=A-6 ¢

L=64 , where L is the number of candidate SS/PBCH blocks in a half frame according to Subclause 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 VvV for PBCH scrambling

(3" LSB of SFN, 2™ LSB of SFN) Va"ée of
0.0 .
0.1) .
(L.0) :
L 1) 2

7.1.3 Transport block CRC attachment

Error detection is provided on BCH transport blocks through a Cyclic Redundancy Check (CRC).
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The entire transport block is used to calculate the CRC parity bits. The input bit sequence is denoted by

Tt R e S , and the parity bits by Py P1>P2> P55 Py oy , 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 Subclause 5.1 by setting L 1024

bits and using the generator polynomial gCRC24C(‘D‘) , resulting in the sequence bU by, b2’b3" by , where
B=A+L
The bit sequence bU by, b2’b3" by is the input bit sequence €0C1:C2C3-Ck-1 (o the channel encoder, where

¢=b for i=01..,B-1 unq K=B

7.1.4 Channel coding
Colilplynliar where K s
the number of bits, and they are encoded via Polar coding according to Subclause 5.3.1, by setting Minax =9 ,
— — wm __
I,=1 n,-=0 and npc=0

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

dO’dl’dZ’dS""’del

After encoding the bits are denoted by , where N is the number of coded bits.

7.1.5 Rate matching
dy,d,,d,,....d,

The input bit sequence to rate matching is ~0°"1’"2’ -

The rate matching output sequence length E=864

I..=0

Rate matching is performed according to Subclause 5.4.1 by setting B~

The output bit sequence after rate matching is denoted as fofifoofe
7.2 Downlink shared channel and paging channel
7.2.1 Transport block CRC attachment

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

The entire transport block is used to calculate the CRC parity bits. Denote the bits in a transport block delivered to layer

1 by Gy 0y, 0y, A35-- 04 , and the parity bits by Pos Py>PysP3s-eos Py , where A is the payload size and L

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

The parity bits are computed and attached to the DL-SCH transport block according to Subclause 5.1, by setting L

to 24 bits and using the generator polynomial Jorcasn! D) if A>3824 ; and by setting L to0 16 bits and using
the generator polynomial Jercrs D) otherwise.

The bits after CRC attachment are denoted by bO’bl’b2’ b3 by ,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 Subclause
5.1.3.11in [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 , or if A<3824 4pq R<0.67 , or if R<0.25 , LDPC base graph 2 is used;
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- otherwise, LDPC base graph 1 is used,

where A s the payload size in Subclause 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 -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 Subclause 5.2.2.

CrO’Crl’CrZ’CrB""’Cr[K;l}

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

number and K, is the number of bits for code block number " according to Subclause 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.4,C..,C,,C C

ro T e T3 K -1 ywhere T s the 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 Subclause 5.3.2.

. . drO’drl’er’dFS""’d [N -1 N 3 i i
After encoding the bits are denoted by iV where the values of 'r  is given in Subclause
5.3.2.
7.2.5 Rate matching
drO’drl’er’drS"'"dr{Nr—1}

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

I is the code block number, and Nr is the number of encoded bits in code block number T . The total number

of code blocks is denoted by C  and each code block is individually rate matched according to Subclause 5.4.2 by

setting  1oRv =1

frO’frl’frZ’er”'"fr\:Er—lj\

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

for code block number r

7.2.6 Code block concatenation
frO’frl’frZ’fr3"'"fr\:Er—ll\

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 Subclause 5.5.

The bits after code block concatenation are denoted by 99919293+ 91 ,where G is the total number of
coded bits for transmission.

7.3 Downlink control information

A DCI transports downlink and uplink scheduling information, requests for aperiodic CQI reports, or uplink power
control commands for one cell and one RNTL

The following coding steps can be identified:
- Information element multiplexing
- CRC attachment

- Channel coding
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- Rate matching

7.3.1 DCI formats

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

DCI format Usage

00 Scheduling of PUSCH in one cell

01 Scheduling of PUSCH in one cell

10 Scheduling of PDSCH in one cell

11 Scheduling of PDSCH in one cell

20 Notifying a group of UEs of the slot format
Notifying a group of UEs of the PRB(s) and OFDM

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

22 Transmission of TPC commands for PUCCH and PUSCH

Transmission of a group of TPC commands for SRS

23 transmissions by one or more UEs

The fields defined in the DCI formats below are mapped to the information bits G to 041 as follows.
Each field is mapped in the order in which it appears in the description, including the zero-padding bit(s), if any, with

the first field mapped to the lowest order information bit Gy 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.

7.3.1.1 DCI formats for scheduling of PUSCH

7.3.11.1 Format 0_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:
- Identifier for DCI formats — 1 bit

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

UL,BWP( »;ULBWP
. . ’ ’ + .
- Frequency domain resource assignment — “Og2( Nyp (NRB 1)/2)1 bits where

NUL,BWP

- RB is the size of the initial bandwidth part in case DCI format 0_0 is monitored in the common
search space

NUL,BWP

- RB is the size of the active bandwidth part in case DCI format 0_0 is monitored in the UE specific

search space and satisfying

- the total number of different DCI sizes monitored per slot is no more than 4, and

- the total number of different DCI sizes with C-RNTI monitored per slot is no more than 3
- For PUSCH hopping with resource allocation type 1:

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

38.214], where NUL_hOp:1 if the higher layer parameter Frequency-hopping-offsets-set contains two
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offset values and NUL_hOP:2 if the higher layer parameter Frequency-hopping-offsets-set contains four
offset values

UL,BWP [ »-UL,BWP _
“082( Neg (NRB +1)/2H NUL_hOP bits provides the frequency domain resource allocation
according to Subclause 6.1.2.2.2 of [6, TS 38.214]

For non-PUSCH hopping with resource allocation type 1:

UL,BWP [ 5, UL,BWP
Ung( NRB (NRB +1)/2)] bits provides the frequency domain resource allocation according to
Subclause 6.1.2.2.2 of [6, TS 38.214]

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

- Frequency hopping flag — 1 bit.

- Modulation and coding scheme — 5 bits as defined in Subclause 6.1.3 of [6, TS 38.214]

- New data indicator — 1 bit

- Redundancy version — 2 bits as defined in Table 7.3.1.1.1-2

- HARAQ process number — 4 bits

- TPC command for scheduled PUSCH - [2] bits as defined in Subclause x.x of [5, TS 38.213]

- UL/SUL indicator — 1 bit for UEs configured with SUL 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.

If the UL/SUL indicator is present in DCI format 0_0 and the higher layer parameter dynamicPUSCHSUL is
set to Disabled, 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 carrier indicated by the higher layer parameter
pucchCarrierSUL;

If the UL/SUL indicator is not present in DCI format 0_0, the corresponding PUSCH scheduled by the DCI
format 0_0 is for the carrier indicated by the higher layer parameter pucchCarrierSUL.

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

[logy( Ny ™" (N ™" +1)/2)]

- Frequency domain resource assignment — bits where
NUL,BWP
- RB is the size of the initial bandwidth part in case DCI format 0_0 is monitored in the common
search space in CORESET 0
NUL,BWP
- RB is the size of the active bandwidth part in case DCI format 0_0 is monitored in the UE specific

search space and satisfying

- the total number of different DCI sizes monitored per slot is no more than 4, and

- the total number of different DCI sizes with C-RNTI monitored per slot is no more than 3
For PUSCH hopping with resource allocation type 1:

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

UL,BWP 50 N

38.214], where NUL,hOP =1 if Ngg < and UL_hop— 2 otherwise
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UL,BWP [ - UL,BWP _
“082( Nip (NRB +1)/2H NUL_hOP bits provides the frequency domain resource allocation
according to Subclause 6.1.2.2.2 of [6, TS 38.214]

- For non-PUSCH hopping with resource allocation type 1:
“ng( NE{;BWP( NE]E;JBWP-I-l)/z)] bits provides the frequency domain resource allocation according to
Subclause 6.1.2.2.2 of [6, TS 38.214]
- Time domain resource assignment — X bits as defined in Subclause 6.1.2.1 of [6, TS 38.214]
- Frequency hopping flag — 1 bit.
- Modulation and coding scheme — 5 bits as defined in Subclause 6.1.3 of [6, TS 38.214], using Table 5.1.3.1-1
- 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 Subclause x.x of [5, TS 38.213]

- 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.

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

The following information is transmitted by means of the DCI format 0_0 with CRC scrambled by CS-RNTI:
- XXX -xbit

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, zeros shall be appended to 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 padding 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 allocation field in the DCI format 0_0 is reduced
such that the size of DCI format 0_0 equals to the size of the DCI format 1_0..

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|P|O

7.3.1.1.2 FormatO 1

DCI format 0_1 is used for the scheduling of PUSCH in one cell.
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The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by C-RNTT:
- Carrier indicator — 0 or 3 bits, as defined in Subclause x.x of [5, TS38.213].

- UL/SUL indicator — 0 bit for UEs not configured with SUL in the cell or UEs configured with SUL in the cell
but only PUCCH carrier in the cell is configured for PUSCH transmission; 1 bit for UEs configured with SUL in
the cell as defined in Table 7.3.1.1.1-1.

- Identifier for DCI formats — 1 bit
- The value of this bit field is always set to 0, indicating an UL DCI format
- Bandwidth part indicator — 0, 1 or 2 bits as defined in Table 7.3.1.1.2-1. The bitwidth for this field is determined

as “Og2(nBWP)] bits, where

- Mpwe :nBWP,RRC-{-1 if the higher layer parameter BandwidthPart-Config configures up to 3 bandwidth

parts and the initial bandwidth part is not included in higher layer parameter BandwidthPart-Config;
- otherwise 8w~ BWPRRC

n

- BWBRRC  is the number of configured bandwidth parts according to higher layer parameter BandwidthPart-
Config.
NUL,BWP
- Frequency domain resource assignment — number of bits determined by the following, where 'rB is the

size of the active bandwidth part:

Negg bits if only resource allocation type 0 is configured, where Neag is defined in Subclause
6.1.2.2.1 of [6, TS 38.214],

UL,BWP [ ;UL BWP
HOgZ(NRB (NRB +1)/2ﬂ bits if only resource allocation type 1 is configured, or
max | [log, (N ULPWP(NYEEWP 4 1) /2 )] N o1 +1

configured.

bits if both resource allocation type 0 and 1 are

- If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation type 0
or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit value of 1
indicates resource allocation type 1.

N

- For resource allocation type 0, the “'RBG L.SBs provide the resource allocation as defined in Subclause

6.1.2.2.1 of [6, TS 38.214].

o (N5 (V412

- For resource allocation type 1, the LSBs provide the resource allocation as

follows:
- For PUSCH hopping with resource allocation type 1:

- NUL,hUD MSB bits are used to indicate the frequency offset according to Subclause 6.3 of [6, TS

38.214], where NUL_hOP:1 if the higher layer parameter Frequency-hopping-offsets-set contains two

offset values and NUL_hODZ2 if the higher layer parameter Frequency-hopping-offsets-set contains four
offset values

UL,BWP »;ULBWP _
“Og2( Neg (NRB +1>/2)] NUL_hOP bits provides the frequency domain resource allocation
according to Subclause 6.1.2.2.2 of [6, TS 38.214]

- For non-PUSCH hopping with resource allocation type 1:
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UL,BWP [ 5, UL,BWP
“ng( Nrg (NRB +1)/2)] bits provides the frequency domain resource allocation according to
Subclause 6.1.2.2.2 of [6, TS 38.214]

- Time domain resource assignment — 0, 1, 2, 3, or 4 bits as defined in Subclause 6.1.2.1 of [6, TS38.214]. The

bitwidth for this field is determined as “OgZ( 1)] bits, where I the number of entries in the higher layer
parameter pusch-AllocationList.

- VRB-to-PRB mapping — 0 or 1 bit:
- 0 bit if only resource allocation type 0 is configured or if PUSCH-tp=Enabled;

- 1 bit according to Table 7.3.1.1.2-33 otherwise, only applicable to resource allocation type 1, as defined in
Subclause 6.3.1.7 of [4, TS 38.211].

- Frequency hopping flag — 0 or 1 bit:
- 0 bit if only resource allocation type 0 is configured;
- 1 bit otherwise, only applicable to resource allocation type 1, as defined in Subclause 6.3 of [6, TS 38.214].
- Modulation and coding scheme — 5 bits as defined in Subclause x.x 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
- 1" downlink assignment index — 1 or 2 bits:
- 1 bit for semi-static HARQ-ACK codebook;
- 2 bits for dynamic HARQ-ACK codebook with single 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.
- TPC command for scheduled PUSCH - 2 bits as defined in Subclause 7.1.1 of [5, TS38.213]

. |
mm‘Lmax,NSRSj

N
[10g2 z IS(RS) ] “0 'N ” N
- SRS resource indicator — k=1 B2 Nsgs bits, where ~ SRS  is the number

of configured SRS resources in the SRS resource set associated with the higher layer parameter SRS-SetUse of

value 'CodeBook' or 'NonCodeBook', and LmaX is the maximum number of supported layers for the PUSCH.

SRS

k

[log, Z

k=1

1

inl |
min| L N
|~max >~ " SRS| l‘[
(

bits for non-codebook based PUSCH transmission according to Tables

7.3.1.1.2-28/29/30/31, where NSRS is the number of configured SRS resources in the SRS resource set
associated with the higher layer parameter SRS-SetUse of value 'NonCodeBook',

“ng(NSRSH bits for codebook based PUSCH transmission according to Tables 7.3.1.1.2-32, where

SRS is the number of configured SRS resources in the SRS resource set associated with the higher layer
parameter SRS-SetUse of value 'CodeBook'.

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

- 0 bits if the higher layer parameter ulTxConfig = NonCodeBook;
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- 0 bits for 1 antenna port and if the higher layer parameter ulTxConfig = Codebook;

- 4,5, or 6 bits according to Table 7.3.1.1.2-2 for 4 antenna ports, if ulTxConfig = Codebook, and according to
the values of higher layer parameters PUSCH-tp, ULmaxRank, and ULCodebookSubset;

- 2,4, or 5 bits according to Table 7.3.1.1.2-3 for 4 antenna ports, if ulTxConfig = Codebook, and according to
the values of higher layer parameters PUSCH-tp, ULmaxRank, and ULCodebookSubset;

- 2 or 4 bits according to Table7.3.1.1.2-4 for 2 antenna ports, if ulTxConfig = Codebook, and according to the
values of higher layer parameters ULmaxRank and ULCodebookSubset;

- 1 or 3 bits according to Table7.3.1.1.2-5 for 2 antenna ports, if ulTxConfig = Codebook, and according to the
values of higher layer parameters ULmaxRank and ULCodebookSubset.

- Antenna ports — number of bits determined by the following

- 2 bits as defined by Tables 7.3.1.1.2-6, if PUSCH-tp=Enabled, UL-DMRS-config-type=1, and UL-DMRS-
max-len=1;

- 4 bits as defined by Tables 7.3.1.1.2-7, if PUSCH-tp=Enabled, UL-DMRS-config-type=1, and UL-DMRS-
max-len=2;

- 3 bits as defined by Tables 7.3.1.1.2-8/9/10/11, if PUSCH-tp=Disabled, UL-DMRS-config-type=1, and UL-
DMRS-max-len=1, and the value of rank is determined according to the SRS resource indicator field if SRS-
SetUse = NonCodeBook and according to the Precoding information and number of layers field if SRS-
SetUse = CodeBook;

- 4 bits as defined by Tables 7.3.1.1.2-12/13/14/15, if PUSCH-tp=Disabled, UL-DMRS-config-type=1, and
UL-DMRS-max-len=2, and the value of rank is determined according to the SRS resource indicator field if
SRS-SetUse = NonCodeBook and according to the Precoding information and number of layers field if SRS-
SetUse = CodeBook;

- 4 bits as defined by Tables 7.3.1.1.2-16/17/18/19, if PUSCH-tp=Disabled, UL-DMRS-config-type=2, and
UL-DMRS-max-len=1, and the value of rank is determined according to the SRS resource indicator field if
SRS-SetUse = NonCodeBook and according to the Precoding information and number of layers field if SRS-
SetUse = CodeBook;

- 5 bits as defined by Tables 7.3.1.1.2-20/21/22/23, if PUSCH-tp=Disabled, UL-DMRS-config-type=2, and
UL-DMRS-max-len=2, and the value of rank is determined according to the SRS resource indicator field if
SRS-SetUse = NonCodeBook and according to the Precoding information and number of layers field if SRS-
SetUse = 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.

- SRS request — 2 bits as defined by Table 7.3.1.1.2-24 for UEs not configured with SUL in the cell; 3 bits for UEs
configured SUL 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 Subclause 6.1.1.2 of [6, TS 38.214].

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

- CBG transmission information (CBGTI) — 0, 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 UL-PTRS-present=OFF and PUSCH-tp=Disabled, or if PUSCH-tp=Enabled;

- 2 bits otherwise, where Table 7.3.1.1.2-25 and 7.3.1.1.2-26 are used to indicate the association between
PTRS port(s) and DMRS port(s) for UL-PTRS-ports = 1 and UL-PTRS-ports = 2 respectively, and the
DMRS ports are indicated by the Antenna ports field.

- beta_offset indicator — 0 if the higher layer parameter dynamic in uci-on-PUSCH is not configured; otherwise 2
bits as defined by Table 9.3-3 in [5, TS 38.213].
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- DMRS sequence initialization — 0 if the higher layer parameter PUSCH-tp=Enabled or 1 bit if the higher layer
parameter PUSCH-tp=Disabled for 5o selection defined in Subclause 7.4.1.1.1 of [4, TS 38.211].
The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by CS-RNTT:
- XXX -xbit
The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by SP-CSI-RNTTI:
- XXX -xbit

For a UE configured with SUL 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.

Table 7.3.1.1.2-1: Bandwidth part indicator

Valulet:)ir BWP |nd|cat20£)iftlgld Bandwidth part
0 00 First bandwidth part configured by higher layers
1 01 Second bandwidth part configured by higher layers
10 Third bandwidth part configured by higher layers
11 Fourth bandwidth part configured by higher layers

Table 7.3.1.1.2-2: Precoding information and number of layers, for 4 antenna ports, if PUSCH-
tp=Disabled and ULmaxRank =2 or 3 or 4

Bit field ULCodebookSubset = Bit field ULCodebookSubset = Bit field
mapped | fullAndPartialAndNonCoheren | mapped | partialAndNonCoheren | mapped U?f%%i?gﬁjgg?e
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
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Table 7.3.1.1.2-3: Precoding information and number of layers for 4 antenna ports, if PUSCH-tp=
Enabled, or if PUSCH-tp=Disabled and ULmaxRank = 1

Bit field ULCodebookSubset = Bit field ULCodebookSubset = Bit field UL CodebookSubse
mapped | fullAndPartialAndNonCoheren | mapped | partialAndNonCoheren | mapped _
. ; . t = 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

Table 7.3.1.1.2-4: Precoding information and number of layers, for 2 antenna ports, if PUSCH-
tp=Disabled and ULmaxRank = 2

rigg;le% ULCoc{ebookSubset = rigg;le% ULCodebookSubset
to index fullAndPartialAndNonCoherent to index = nonCoherent
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 7.3.1.1.2-5: Precoding information and number of layers, for 2 antenna ports, if PUSCH-tp=
Enabled, or if PUSCH-tp= Disabled and ULmaxRank = 1

Bit field ULCodebookSubset = Bit field
mapped | fullAndPartialAndNonCoheren | mapped UtL(_SodebookSubse
. . = 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 7.3.1.1.2-6: Antenna port(s), PUSCH-tp=Enabled, UL-DMRS-config-type=1, UL-DMRS-max-len=1

Number of DMRS
Value CDM group(s) DR
without data port(s)
0 2 0
1 2 1
2 2 2
3 2 3
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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 7.3.1.1.2-8: Antenna port(s), PUSCH-tp=Disabled, UL-DMRS-config-type=1, UL-DMRS-max-

len=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), PUSCH-tp=Disabled, UL-DMRS-config-type=1, UL-DMRS-max-

len=1, rank = 2

Number of DMRS CDM group(s) without DMRS
Value

data port(s)

0 1 0,1

1 2 0,1

2 2 2,3

3 2 0,2

4-7 Reserved Reserved

Table 7.3.1.1.2-10: Antenna port(s), PUSCH-tp=Disabled, UL-DMRS-config-type=1, UL-DMRS-max-

len=1, rank = 3

Value Number of DMRS CDM group(s) without DMRS
data port(s)
0 2 0-2
2-7 Reserved Reserved

Table 7.3.1.1.2-11: Antenna port(s), PUSCH-tp=Disabled, UL-DMRS-config-type=1, UL-DMRS-max-

len=1, rank = 4

Number of DMRS CDM group(s) without DMRS
Value
data port(s)
0 2 0-3
2-7 Reserved Reserved
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Table 7.3.1.1.2-12: Antenna port(s), PUSCH-tp=Disabled, UL-DMRS-config-type=1, UL-DMRS-max-
len=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 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), PUSCH-tp=Disabled, UL-DMRS-config-type=1, UL-DMRS-max-
len=2, rank = 2

Value

Number of DMRS CDM group(s) without
data

DMRS
port(s)

Number of front-load
symbols

o

1

0,1

0,1

2,3

0,2

0,1

2,3

45

6,7

X IN[O|O|R|W|IN|F

NIN[NINININ|IN(N

0,4

NININININ|RP|RP [P~

©

2

2,6

2

10-15

Reserved

Reserved

Reserved

Table 7.3.1.1.2-14: Antenna port(s), PUSCH-tp=Disabled, UL-DMRS-config-type=1, UL-DMRS-max-
len=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

Table 7.3.1.1.2-15: Antenna port(s), PUSCH-tp=Disabled, UL-DMRS-config-type=1, UL-DMRS-max-
len=2, rank = 4

Number of DMRS CDM group(s) without DMRS Number of front-load
Value
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
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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), PUSCH-tp=Disabled, UL-DMRS-config-type=2, DL-DMRS-max-

len=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 3 0,1
4 3 2,3
5 3 4,5
6 2 0,2
7-15 Reserved Reserved

Table 7.3.1.1.2-18: Antenna port(s), PUSCH-tp=Disabled, UL-DMRS-config-type=2, DL-DMRS-max-

len=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), PUSCH-tp=Disabled, UL-DMRS-config-type=2, UL-DMRS-max-

len=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), PUSCH-tp=Disabled, UL-DMRS-config-type=2, UL-DMRS-max-
len=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), PUSCH-tp=Disabled, UL-DMRS-config-type=2, UL-DMRS-max-
len=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), PUSCH-tp=Disabled, UL-DMRS-config-type=2, UL-DMRS-max-
len=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 2,3,8 2

5 3 45,10 2
6-31 Reserved Reserved Reserved

Table 7.3.1.1.2-23: Antenna port(s), PUSCH-tp=Disabled, UL-DMRS-config-type=2, UL-DMRS-max-

len=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

Table 7.3.1.1.2-24: SRS request

Value of SRS request field

SRS resource set

00

01

10

11

Table 7.3.1.1.2-25: PTRS-DMRS association for UL PTRS port 0, UL-PTRS-ports =1

Value DMRS port
0 0
1 1
2 2
3 3

Table 7.3.1.1.2-26: PTRS-DMRS association for UL PTRS ports 0 and 1, UL-PTRS-ports = 2

Value of MSB DMRS port Value of LSB DMRS port
1% DMRS port transmitting 1% DMRS port transmitting
0 layers corresponding to SRS 0 layers corresponding to SRS
port 0 and 2 port1and 3
2" DMRS port transmitting 2" DMRS port transmitting
1 layers corresponding to SRS 1 layers corresponding to SRS
port 0 and 2 port1and 3

Table 7.3.1.1.2-27: void

3GPP




Release 15 89 3GPP TS 38.212 V15.1.1 (2018-04)
Table 7.3.1.1.2-28: SRl indication for non-codebook based PUSCH transmission, max_l
Bit field SRI(s), Bit field SRI(s), Bit field SRI(s),
mapped to N. =2 mapped to N. =3 mapped to =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, rnax_z
Bit field SRI(S), Bit field SRI(s), Bit field SRI(S),
mapped to N. =2 mapped to N. =3 mapped to =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, max_3
Bit field SRI(s), Bit field SRI(s), Bit field SRI(s),
mapped to N.. =2 mapped to N...=3 mapped to =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 0,12 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, max:4
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 0,13
12 0,2,3
13 1,2,3
14 0,1,2,3
15 reserved
Table 7.3.1.1.2-32: SRI indication for codebook based PUSCH transmission
Bit field mapped to index SRI(s) NSRs:2
0 0
1 1
Table 7.3.1.1.2-33: VRB-to-PRB mapping
Bit field mapped to index VRB-to-PRB mapping
0 Non-interleaved
1 Interleaved
7.3.1.2 DCI formats for scheduling of PDSCH
7.3.1.2.1 Formatl 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:

- Identifier for DCI formats — 1 bits

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

DL,BWP DL,BWP
- Frequency domain resource assignment — “082( Nrg (NRB * 1)/2)] bits

DL,BWP
- Nig is the size of the initial bandwidth part in case DCI format 1_0 is monitored in the common

search space

DL,BWP
- Ny is the size of the active bandwidth part in case DCI format 1_0 is monitored in the UE specific
search space and satisfying
- the total number of different DCI sizes monitored per slot is no more than 4, and

- the total number of different DCI sizes with C-RNTI monitored per slot is no more than 3

- Time domain resource assignment — X bits as defined in Subclause 5.1.2.1 of [6, TS 38.214]
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- VRB-to-PRB mapping — 1 bit according to Table 7.3.1.1.2-33

- Modulation and coding scheme — 5 bits as defined in Subclause 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 Subclause 9.1.3 of [5, TS 38.213], as counter DAI

- TPC command for scheduled PUCCH - [2] bits as defined in Subclause 7.2.1 of [5, TS 38.213]

- PUCCH resource indicator — 3 bits as defined in Subclause 9.2.3 of [5, TS 38.213]

- PDSCH-to-HARQ_feedback timing indicator — [3] bits as defined in Subclause x.x of [5, TS38.213]
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by P-RNTT:

- Short Messages Indicator — 1 bit. This bit is used to indicate whether the short message only or scheduling
information only is carried in the Paging DCI.

The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by SI-RNTI:
- XXX -xbit
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by RA-RNTT:

- Identifier for DCI formats — 1 bit, reserved

g V55N 1))

- Frequency domain resource assignment — bits
DLBWP
- RB is the size of the initial bandwidth part in case DCI format 1_0 is monitored in the common
search space in CORESET 0
NDLBWP
- RB is the size of the active bandwidth part in case DCI format 1_0 is monitored in the UE specific

search space and satisfying
- the total number of different DCI sizes monitored per slot is no more than 4, and
- the total number of different DCI sizes with C-RNTI monitored per slot is no more than 3
- Time domain resource assignment — X bits as defined in Subclause 5.1.2.1 of [6, TS38.214]
- VRB-to-PRB mapping — 1 bit
- Modulation and coding scheme — 5 bits as defined in Subclause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1
- New data indicator — 1 bit, reserved
- Redundancy version — 2 bits, reserved
- HARQ process number — 4 bits, reserved
- Downlink assignment index — 2 bits, reserved
- TPC command for scheduled PUCCH - 2 bits, reserved
- PUCCH resource indicator — 3 bits, reserved
- PDSCH-to-HARQ_feedback timing indicator — 3 bits, reserved
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

3GPP



Release 15 92 3GPP TS 38.212 V15.1.1 (2018-04)

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

g, (WEEP (VL4 1))

- Frequency domain resource assignment — bits
DLBWP
- RB is the size of the initial bandwidth part in case DCI format 1_0 is monitored in the common
search space in CORESET 0
DLBWP
- RB is the size of the active bandwidth part in case DCI format 0_0 is monitored in the UE specific

search space and satisfying
- the total number of different DCI sizes monitored per slot is no more than 4, and
- the total number of different DCI sizes with C-RNTI monitored per slot is no more than 3
- Time domain resource assignment — X bits as defined in Subclause 5.1.2.1 of [6, TS38.214]
- VRB-to-PRB mapping — 1 bit
- Modulation and coding scheme — 5 bits as defined in Subclause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1
- New data indicator — 1 bit
- Redundancy version — 2 bits as defined in Table 7.3.1.1.1-2
- HARQ process number — 4 bits
- Downlink assignment index — 2 bits, reserved
- TPC command for scheduled PUCCH - 2 bits as defined in Subclause 7.2.1 of [5, TS38.213]
- PUCCH resource indicator — 3 bits as defined in Subclause 9.2.3 of [5, TS38.213]
- PDSCH-to-HARQ _feedback timing indicator — 3 bits as defined in Subclause x.x of [5, TS38.213]
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by CS-RNTT:

- XXX —xbit

7.3.1.2.2 Format1l 1
DCI format 1_1 is used for the scheduling of PDSCH in one cell.
The following information is transmitted by means of the DCI format 1_1 with CRC scrambled by C-RNTT:
- Carrier indicator — 0 or 3 bits as defined in Subclause x.x of [5, TS 38.213].
- Identifier for DCI formats — 1 bits
- The value of this bit field is always set to 1, indicating a DL DCI format
- Bandwidth part indicator — 0, 1 or 2 bits as defined in Table 7.3.1.1.2-1. The bitwidth for this field is determined

as UOgZ(nBWP)] bits, where

- Mgwp :nB\AfP,RRC'F1 if the higher layer parameter BandwidthPart-Config configures up to 3 bandwidth

parts and the initial bandwidth part is not included in higher layer parameter BandwidthPart-Config;

=n

- otherwise Mwe BWPRRC
- Mewprre is the number of configured bandwidth parts according to higher layer parameter BandwidthPart-
Config.
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DL,BWP
Frequency domain resource assignment — number of bits determined by the following, where Nig is the

size of the active bandwidth part:

N

- RBG  bits if only resource allocation type 0 is configured, where Negg is defined in Subclause
5.1.2.2.1 of [6, TS38.214],

[log,(Ngs™" (Ngs™"+1)12)]

bits if only resource allocation type 1 is configured, or

max [1og, (N R (NG ™" +1)12)], Ny 41

configured.

bits if both resource allocation type 0 and 1 are

- If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation
type 0 or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit
value of 1 indicates resource allocation type 1.

- For resource allocation type 0, the Negg LSBs provide the resource allocation as defined in Subclause
5.1.2.2.1 of [6, TS 38.214].

DL,BWP DL,BWP
- For resource allocation type 1, the [1082( Nys (NRB * 1)/2)}
as defined in Subclause 5.1.2.2.2 of [6, TS 38.214]

LSBs provide the resource allocation

Time domain resource assignment — 0, 1, 2, 3, or 4 bits as defined in Subclause 5.1.2.1 of [6, TS 38.214]. The

bitwidth for this field is determined as HOgZ(I )] bits, where I is the number of entries in the higher layer
parameter pdsch-AllocationList.

VRB-to-PRB mapping — 0 or 1 bit:
- 0 bit if only resource allocation type 0 is configured;

- 1 bit according to Table 7.3.1.1.2-33 otherwise, only applicable to resource allocation type 1, as defined in
Subclause xxx of [4, TS 38.211].

PRB bundling size indicator — 0 bit if the higher layer parameter PRB_bundling is not configured or is set to
'static’, or 1 bit if the higher layer parameter PRB_bundling is set to 'dynamic’ according to Subclause 5.1.2.3 of
[6, TS 38.214].

Rate matching indicator — 0, 1, or 2 bits according to higher layer parameter rate-match-PDSCH-resource-set.

ZP CSI-RS trigger — 0, 1, or 2 bits as defined in Subclause x.x of [6, TS 38.214]. The bitwidth for this field is

determined as Hng(an‘l'l ﬂ bits, where 20 is the number of ZP CSI-RS resource sets in the higher layer
parameter [ZP-CSI-RS-ResourceConfigList].

For transport block 1:

- Modulation and coding scheme — 5 bits as defined in Subclause x.x 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 Number-MCS-HARQ-DL-DCI equals 2):

- Modulation and coding scheme — 5 bits as defined in Subclause x.x 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 — number of bits as defined in the following
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- 4 bits if more than one serving cell are configured in the DL and the higher layer parameter HARQ-ACK-
codebook=dynamic, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAT;

- 2 bits if only one serving cell is configured in the DL and the higher layer parameter HARQ-ACK-
codebook=dynamic, where the 2 bits are the counter DAI;

- 0 bits otherwise.

TPC command for scheduled PUCCH - 2 bits as defined in Subclause x.x of [5, TS 38.213]

PUCCH resource indicator — 3 bits as defined in Subclause 9.2.3 of [5, TS 38.213]
PDSCH-to-HARQ _feedback timing indicator — 3 bits as defined in Subclause 9.2.3 of [5, TS 38.213]

Antenna port(s) — 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.

Transmission configuration indication — 0 bit if higher layer parameter tci-PresentInDCI is not enabled;
otherwise 3 bits as defined in Subclause x.x of [6, TS38.214].

SRS request — 2 bits as defined by Table 7.3.1.1.2-24 for UEs not configured with SUL in the cell; 3 bits for UEs
configured SUL 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.

CBG transmission information (CBGTTI) — 0, 2, 4, 6, or 8 bits as defined in Subclause x.x of [6, TS38.214],
determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for the PDSCH.

CBG flushing out information (CBGFI) — 0 or 1 bit as defined in Subclause x.x of [6, TS38.214], determined by
higher layer parameter codeBlockGroupFlushIndicator.

DMRS sequence initialization — 1 bit for 50D selection defined in Subclause 7.4.1.1.1 of [4, TS 38.211].

The following information is transmitted by means of the DCI format 1_1 with CRC scrambled by CS-RNTT:

XXX —x bit

Table 7.3.1.2.2-1: Antenna port(s) (1000 + DMRS port), DL-DMRS-config-type=1, DL-DMRS-max-len=1

One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
Number of DMRS
Value CDM group(s) RS
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
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Table 7.3.1.2.2-2: Antenna port(s) (1000 + DMRS port), DL-DMRS-config-type=1, DL-DMRS-max-len=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 7.3.1.2.2-3: Antenna port(s) (1000 + DMRS port), DL-DMRS-config-type=2, DL-DMRS-max-len=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
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Table 7.3.1.2.2-4: Antenna port(s) (1000 + DMRS port), DL-DMRS-config-type=2, DL-DMRS-max-len=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
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.

The following information is transmitted by means of the DCI format 2_0 with CRC scrambled by SFI-RNTTI:
- Identifier for DCI formats — [1] bits
- Slot format indicator 1, Slot format indicator 2, ..., Slot format indicator N.

The size of DCI format 2_0 is configurable by higher layers up to 128 bits, according to Subclause 11.1.1 of [5, TS
38.213].

7.3.1.3.2 Format2_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:
- Identifier for DCI formats — [1] bits
- 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 Subclause 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:

- Identifier for DCI formats — [1] bits
- TPC command number 1, TPC command number 2,..., TPC command number N

The parameter xxx provided by higher layers determines the index to the TPC command number for an UL of a cell.
Each TPC command number is 2 bits.

If the number of information bits in format 2_2 is less than the payload size of format 0_0 as defined in the initial
bandwidth part in the same serving cell, zeros shall be appended to format 2_2 until the payload size equals that of
format 0_0 as defined in the initial bandwidth part 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.

The following information is transmitted by means of the DCI format 2_3 with CRC scrambled by TPC-SRS-RNTT:
- Identifier for DCI formats — [1] bits
- block number 1, block number 2, ..., block number B

where the starting position of a block is determined by the parameter startingBitOfFormat2_3 provided by
higher layers for the UE configured with the block.

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:
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- SRS request — 0 or 2 bits. The presence of this field is according to the definition in Subclause x.x of [5,
TS38.213]. If present, this field is interpreted as defined by Table 7.3.1.1.2-5.

- TPC command number -2 bits

If the number of information bits in format 2_3 is less than the payload size of format 0_0 as defined in the initial
bandwidth part in the same serving cell, zeros shall be appended to format 2_3 until the payload size equals that of
format 0_0 as defined in the initial bandwidth part in the same serving cell.

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 1,0y, 3508y ,

and the parity bits by Pos Py>PysP3seos Py ,where A s the payload size and L is the number of parity bits.

1 1 1 I I | J— . | J—
Let L0880 50001 peabit sequence such that a i_l for i=01,...,[-1 and %i7%-L for
. I I ! ! !
i=L,L+1,...,A+L-1 . The parity bits are computed with input bit sequence @@ 090300 a1 ang

attached according to Subclause 5.1 by setting L to 24 bits and using the generator polynomial Jercaac! D] . The
b,,b,,b,,b,,....b
0071520 F30 VB

output bit is

b=a, o k=012,...,A-1
b=Pioa for k=A,A+1,A+2.. A+L-1
where K=A+L

X X

After attachment, the CRC parity bits are scrambled with the corresponding RNTI ~ “rnti,0” “rati,1>* Xt 15 , where

CpsC1CpsCapennsC

an',o corresponds to the MSB of the RNTI, to form the sequence of bits ’"K-1  The relation

between ¢ and by is:

c,=b

K%k fork=0,1,2,.. A7

Ck:(bk+xrnti,k—A—8)m0d2 fork= A+8  A+9  A+10 A+23

> > 300y

7.3.3 Channel coding

Information bits are delivered to the channel coding block. They are denoted by CorCpoCypCaoee e gy ,where K s
the number of bits, and they are encoded via Polar coding according to Subclause 5.3.1, by setting Minax =3 ,

— wm _
=1 npe=0 g Mpc=0

dpd;,d,,d,,..d,

After encoding the bits are denoted by -1, where N is the number of coded bits.

7.3.4 Rate matching

dy,d,,d

The input bit sequence to rate matching is “0°"1’ ped

N-1

Rate matching is performed according to Subclause 5.4.1 by setting Iy =0

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