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Foreword

This Technical Specification has been produced by the KT PyeongChang 5G Special Interest Group (KT 5G-SIG).
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1 Scope

The present document specifies the coding, multiplexing and mapping to physical channels for 5G Radio Access (5G
RA).

2 References

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

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

o For a specific reference, subsequent revisions do not apply.

[1] TS 5G.201: "5G Radio Access (5G RA); Physical layer; General description™.
[2] TS 5G.211: "5G Radio Access (5G RA); Physical channel and modulation™.
[3] TS 5G.213: "5G Radio Access (5G RA); Physical layer procedures".
[4] TS 5G.321: “5G Radio Access (5G RA); 5G Medium Access Control Protocol”.
[5] TS 5G.331: “5G Radio Access (5G RA); 5G Radio Resource Control (5G-RRC) Protocol
Specification”.
3 Definitions, symbols and abbreviations

3.1 Definitions
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 following abbreviations apply:

BCH Broadcast channel

BQI Beam Quality Information

BRS Beam measurement Reference Signal
CP Cyclic Prefix

Csl Channel State Information

DCI Downlink Control Information
DL-SCH Downlink Shared channel

FDD Frequency Division Duplexing
LDPC Low Density Parity Check

xPBCH Physical Broadcast channel
xPDCCH Physical Downlink Control channel
xPDSCH Physical Downlink Shared channel
PMI Precoding Matrix Indicator
XxPRACH Physical Random Access channel
XPUSCH Physical Uplink Shared channel
XRACH Random Access channel

RI Rank Indication

SR Scheduling Request

SRS Sounding Reference Signal

TDD Time Division Duplexing

TPMI Transmitted Precoding Matrix Indicator

KT 5G-SIG
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ucCl Uplink Control Information

UL-SCH

Uplink Shared channel
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4
4.1

Mapping to physical channels

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.

4.2

Table 4.1-1
TrCH Physical Channel
UL-SCH xPUSCH
RACH XPRACH

Table 4.1-2

Control information

Physical Channel

ucCl

XPUCCH, xPUSCH

Downlink

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

Table 4.2-1
TrCH Physical Channel
DL-SCH xPDSCH
BCH xPBCH, ePBCH

Table 4.2-2

Control information

Physical Channel

DCI

xPDCCH

5

5.1

Channel coding, multiplexing and interleaving

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

Generic procedures

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

5.1.1

CRC calculation

Denote the input bits to the CRC computation by a,,a;,a,,83,...,85_1, and the parity bits by pg, pP1, P2, P53y PLg- A

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

Jercaea(D) = [D24 +DB+D2+D7+D“+ DY+ D+ D' +D*+D°+D*+ D%+ D + 1] and:

gcreis(D) = [D™ + D¥ + D° + 1] for a CRC length L = 16.

KT 5G-SIG
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- geres(D) = [D® + D" + D*+ D + D + 1] for a CRC length of L = 8.
The encoding is performed in a systematic form, which means that in GF(2), the polynomial:
agD*? +a,D*?? 4. +a, ;D* + pyD?® +p;D?? +...4+ pyD' + pys

yields a remainder equal to 0 when divided by the corresponding length-24 CRC generator polynomial, gcreosa(D), the
polynomial:

a,DA +a, DA 4. +a, D + poD*® +p, D +...+ p, D + pyis
yields a remainder equal to 0 when divided by gcre16(D), and the polynomial:
a,D*" +a,D** +...+a, ,D® + p,D" +p,D® +...+ p,D* + p,

yields a remainder equal to 0 when divided by gcrcs(D).

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

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

5.1.2 Code block segmentation

The input bit sequence to the code block segmentation is denoted by by, b;, b, ,bs,....bg_;, where B > 0. If B is larger
than the maximum code block size K., Segmentation of the input bit sequence is performed.

The maximum and minimum code block sizes depending on the code rate and Coding Type are depicted in Table 5.1.2-
1.

Table 5.1.2-1: Kpaxand Kpyin

Coding Type Code Rate Kiax Kinin
Type 1 5/6 1620 540
3/4 1458 486

2/3 1296 432

1/2 972 324

Type 2 1/3 1620 540

If the number of filler bits F, calculated below is not 0, filler bits are added to r-th blocks, where r is the code block
number.

Note that if B < Ky, filler bits are added to the end of the code block.
The filler bits shall be set to <NULL> at the input to the encoder.

For a given code rate, total number of code blocks C is determined by:
if B< Kiax
Number of code blocks: C =1

else

Number of code blocks: C =[B/K ., |-

end if

KT 5G-SIG
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The bits output from code block segmentation, for C = 0, are denoted by Cro, Cr15Cr25Cr3y--+:Cr(k, —1) , Where r
is the code block number, and K, is the number of bits for the code block number r.

Number of bits in each code block (applicable for C = 0 only):

ifC=1,
Ko = [B/Kminl * Kmin
Fy=K,—B

else
J=1B/C]

K’ = U/Kmin] ) Kmin
F=K-C-B

¥y =FmodC

forr=0toC —1

ifr<C-y-1
F = [F'/CJ
K, = [B/C1+F,
else
E = [F’/Cl
K, = |B/C] +F,
end if
end forr
end if

s=0
forr=0toC—1
fork=0toK,— F,—1,
Crkzbs
s=s+1

end for k

The filler bits <NULL> shall be inserted end of the each code block
fork=K,—F.—1to K,-1,

¢ =<NULL>
end for k&

end for r

KT 5G-SIG
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5.1.3

The bit sequence input for a given code block to channel coding is denoted byc,,¢c;,¢,,C3,...,C_;, Where K is the

number of bits to encode. After encoding the bits are denoted by déi),dl(i),dg),déi),...,d g)_l and d,,d,,d,,d,,...,q,_, for
convolutional coding scheme and LDPC coding scheme respectively, where D is the number of encoded bits per output
stream and i indexes the encoder output stream. The relation between ¢, and d,ﬁ” and between K and D is dependent
on the channel coding scheme.

Channel coding

The following channel coding schemes can be applied to TrCHs:
- Tail biting convolutional coding;
- LDPC coding.

Usage of coding scheme and coding rate for the different types of TrCH is shown in Table 5.1.3-1. Usage of coding
scheme and coding rate for the different control information types is shown in Table 5.1.3-2.

The values of D in connection with each coding scheme:
- tail biting convolutional coding with rate 1/3: D = K;
- LDPC coding with code rate R: D = K/R
The range for the output stream index i is 0, 1 and 2 for tail biting convolutional coding scheme.

Table 5.1.3-1: Usage of channel coding scheme and coding rate for TrCHSs.

TrCH Coding scheme | Coding rate
UL-SCH
LDPC coding variable
DL-SCH
Tail biting
BCH convolutional 1/3
coding

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

5131

Control Information Coding scheme | Coding rate
Tail biting
DCI convolutional 1/3
coding
Block code variable
Tail bitin
uci convolutiogal 1/3
coding

Tail biting convolutional coding

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

The configuration of the convolutional encoder is presented in Figure 5.1.3.1-1.

The initial value of the shift register of the encoder shall be set to the values corresponding to the last 6 information bits
in the input stream so that the initial and final states of the shift register are the same. Therefore, denoting the shift

register of the encoder by sy, S1,S5,...,S5, then the initial value of the shift register shall be set to

Si = C(k-1-i)

KT 5G-SIG
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Figure 5.1.3.1-1: Rate 1/3 tail biting convolutional encoder.

0 1 2 . . . .
The encoder output streams dﬁ ) , d,E ) and d|£ ) correspond to the first, second and third parity streams, respectively
as shown in Figure 5.1.3.1-1.

5.13.2 LDPC encoder

The Kbits including filler bits (cy, ¢4, C, ..., Ck.1) are encoded based on D-K by D parity check matrix (H), where D is
number of encoded bits and D - K is the number of parity check bits. The parity check bits (po, P1, P2, -.. , Pok-1) are

obtained so that H- d" = 0, where d =(Co,C1,Cy, ... ,Ck-1, Pos P1, P2 --- » Po-k-1) IS coded bits stream.

The parity check matrix H is defined as:

P%.0 P91 P9,z pYONdpe b2 pYoNdpe b=1
P%1,0 P%11 pai,z2 e Pa1,Nlde_b—2 Pal'Nldpc_b_1
H = | P%z,0 P%2,1 Paz22 Paz,Nlde_b—z PaZ'Nldpc_b_l |
l an. i -1,0 an. i -1,1 an. i -1,2 an. i -1,N -2 an i -1,N —1J
P “parity b=+ P "parity b=+ P "parity b~ cor pVparity b~ >Vidpc b P Mparity b~ +Nldpc_b

where P (0<i<Nparity p, 0<j<Nigpc p) is cyclic-permutation matrix obtained from the zero matrix and the Z by Z identity

matrix by cyclically shifted the columns to the right by a;; elements. The value of Z is shift size obtained by Z =
[K/Kpninl - 27 where Ky, is given in Table 5.1.2-1.

The matrix P% is Z by Z zero matrix when a; is -1. The codeword length D, information length K and number of parity
bits D-K is equal t0 Nigge p X Z, Kigpe p X Z and Npairy b X Z, respectively. The parameters Nigyc b, Kigpe p @10 Nparity b
according to code rates are depicted in Table 5.1.3.2-1.

Table 5.1.3.2-1: Parameters of parity check matrix

Coding Type Code Rate Nidpc_b Kidpe_b Nparity_b
5/6 24 20 4
Type 1 3/4 24 18 6
2/3 24 16 8
12 24 12 12
Type 2 1/3 60 20 40

For Type 1, the parity check matrix is obtained based on Tables 5.1.3.2-2, 5.1.3.2-3, 5.1.3.2-4 and 5.1.3.2-5 which
show the exponents (a;) of parity check matrix when the code rate equals 5/6, 3/4, 2/3 and 1/2 for each encoded bits,
respectively.

For Type 2, the parity check matrix is obtained based on Table 5.1.3.2-6 which shows the exponents (a;;) of parity check
matrix when the Z equals 81. The set of exponents (a;;) are used to determine the exponents for all other code length of
the same code rate, Z=27 or 54. The exponents &;;(Z) for code size corresponding to shift size Z, determined above, are
derived from &;; by using a modulo function as below:

.. ] .. <

a; modZ if a; >0

KT 5G-SIG
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Table 5.1.3.2-2: Matrix exponents for Code rate R=5/6, Type 1

D = 648 bits, Z=27 bits
17 138 219 3 1812100 4 15
3 12111411255 180 9 2 26
22 164 3 1021125 2114195
7 7 14144 16162424101 7
D = 1296 bits, Z=54 bits
48 2937522 166 145331345
17 4 307 4311246 14216 39
7 2 5131462316 115340107
19 48411 107 36 475 295252
D = 1944 bits, Z=81 bits
13 488066 4 747 30 7652 37 60
69 63 74 56 64 77 57 656 16 51 -1
51 150 8024 2542544471719

16 29 36 41 44 56 59 37 50 24 -1 65

192 5 10261913131 O
2610247 14204 2 -10
-18 5 18115 5 150 -1

156 10268 1821141 -1

18 4253 3145-1 46521 0
1740477 154119-1 -1 0
46 53 3335-1 2535380 -1

3110266 3 2 -1511 -1

-1 497331747323-11 0
64 -1 689 48625427-10
6735-158-129-1530 -1

4 6552-14 -173521 -1

Table 5.1.3.2-3: Matrix exponents for R=3/4, Type 1

D = 648 bits, Z=27 bits

16 1722249 3 14-14 2 7 -1

25 12123 3 266 21-1 1522

25 18261622239 -10 -14

9 701 17-1-17 3 -13

245 267 1 -1-1152415-1 8

2 2 1914241 1519-1 21-1 2

D = 1296 bits, Z=54 bits

39 4051413 298 36-114-16

48 21479 483551-1 38-1 28 -1

30 39284250395 17-16 -1 18

29 0 1 43363047-149-1 47 -1

1 3211231044127 -1 48-1 4

13 7 1547 23 16 47 -1 43 -1 29 -1

26-12 -121-11 0 -1

15-14 -1-116-1

2311 -1 -1

16 -1 -1 21
13 -1 13 -1

24-13 -12 1

-133-111-14 1 0
34-150-150-1-10 0
-1 20 -1 15 -1 40 -1
3 -13-134-10
-19 -117-116-1

52-12 -153-11

KT 5G-SIG
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(c) D = 1944 bits, Z=81 bits

(@)

(b)

(©

48
4
35
9
3
26

D=
25
10
16
10
23
6
14
17
D=
39
25
43
20
45
35
9
32
D=
61
56
28
48
40
69
12
58

2928399 61-1-1-1634580-1 -1 -1

13

3732221 0

4942 481130-1 -1 -1 4917413715-154-1-1-10

76 78 51 37 3521 -1 17 64 -1

65449 5456 73 3442 -1 -1

62 7 8068 26 -1 80 55 -1 36

75332169593 38-1-1-1

-1-157 -1-132-1

-13-1-1-146390

-126-19 -172-1

35 -1 62 36 26 -1

-1

-1
1

-1

-1-1-1

-10 0
-1-10

Table 5.1.3.2-4: Matrix exponents for R=2/3, Type 1

648 bits, Z=27 bits

26 14 -1 20 -1 2

9 1511-10 -1
2 202621-16

135 0 -13 -1
14 24 -1 12 -1 19
229 20-1 25-1
23211120 -1 24
1111 20-1 21 -1
1296 bits, Z=54 bits
312243 -1 404

52412 6 -1 14
31290 21-1 28
3348 -1 4 13-1
7 185112 25 -1
4032165 -1 -1
24 132228 -1 -1
224 2116-1 -1
1944 bits, Z=81 bits
754 6356 -1 -1
747720 -1 -1 -1
2168 10 7 14 65
38437876 -1 -1
2 5325-1 5262
23641022 -1 21
0 68205561 -1

-1 17

17 -1

26 -1

111
-1 34
1 -1
26 -1
1 -1
18 -1
37 -1
127

-1 20
-1 -1
40 -1

-1 18
26 -1

50 -1
-1 43

28 -1

8 346478-1-1117824-1

8 -116-1181
-18 -110-1 -1
7 -1-1-1-1-1
-1-113-116-1
-120-121-10

-1 24-137-1-1
(17 -117-1-1

-1 -1 4642 -1 -1

44-1-1-1-10
-1 682329 -1 -1
52 -1 -1 -1 44 -1
1 -1-1-1581

KT 5G-SIG
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Table 5.1.3.2-5: Matrix exponents for R=1/2 , Type 1

(a) D = 648 bits, Z=27 bits

(b)

(©

0
22
6
2
23
24
25
13
7
11
25
3
D=
40
50
39
33
45
51
47
5
33
1
-1

49

-1-1
0 -1

-1 -1

-10 0 -1-1
-117-10 0
-110-1 -1 -1
0 20-1 -1 -1
-13 -1-1-1
1 17-13 -1
-18 -1-1-1
-10 -18 -1
16 22 10 -1 -1
-119-1-1-1
-1 2318 -1 14
-116-1 -1 2

1296 bits, Z=54 bits

-1-1
1 -1

50 -1

-1 25
-1 -1
-1 27
18 -1

-1 17

-1 22 -1 49 23
-1 4835-1 -1
14 12 4
3837-1 -1 4
10 22-1 -1
4835 -1 -1 -1
11171 -1
16 -145-1
3424 -1 -1 -1
11 411 -1
1 23-1-18
130-1 -1 -1

D = 1944 bits, Z=81 bits

57
3

30
62
40
0

69

-1 -1

-1 28

-150-111-1
-10 -1-1-1
-1 2437-1-1
-1 53-1-13

20 66 -1 -1 22
-18 -142-1

-1 -1-156-1

0 -1
12 -1
24 -1
250

10 -1

255

43 -1

44 -1
51 -1
13 40
23 -1
38 -1
0 35
34 -1

50 -1
557

56 14
35 -1
28 -1
50 -1
52 -1

141
141
141
141
141

-1-1

-1-1
-1-1
-1-1
-1-1
-1 -1
-1-1

-1-1
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-1-1-1

-1-1-13857-1-172-127-1-1-1-1-1-1-1-1020

65

-1 -1

-1-1-11452-1-13-1-132-1-1-1-1-1-1-1-100

64

-1

1-1-1-1-1-1-1-1-1-1-1020

-1-1-1779

-1 45-1700

2 %-153%-1-1-1-1-112-1-1-1-1-1-1-1-1-1-1-1020

-1-1-1-1-1-1-1-1-1-10

-161-160-1-12751-1-1161

24

81 bits, Type 2

=1/3,Z

Table 5.1.3.2-6: Matrix exponents for R

1-1-1-1-1-1-1-1-1-1+-1
-1 -1 -1 -1

-1
-1

-1 8024-13 111 0

-1

54 19 24 68 12 2 18 16 13 46 66 52 21 9

-1-1-1-1-1-1

-1

1-1-1-1-1-1-1-1-1-1-11+-1

-1

1-1-1-1-1-1-1-1-1~+-1
-1 -1 -1

-1
-1

10 76 29 30 8 28 16 35 62 53 57 53 1538 72 73 -1 4538 71 -1 0 O

1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1~:-1

-1

10 100 -1-1-1-1-1-1-1-1-11+11
-1 -1 -1 -1

-1

70 71 31 35 20 21 6 56 36 52 22 37 50 27 58 16 56 41 -1

-1

-1

-1

1-1-1-1-1-1-1-1-1-1-1-1-1-1--1-11-1

-1

10 -1-1-1-1-1-1-1-1-1+-1
-1 -1 -1 -1

-1
-1

-1 67 -1 2278765 1

-1

41 24 25 49 28 6 28 60 22 70 11 27 1

-1

-1-1-1-1-1-1

-1

-1-1-1-1-1-1-1-1-1-1+-1

-1

1-1-1-1-1-1-1-1-10-1-1-1-1-1-1-1-1~:-1
-1-1-1-1-1-1-1-1-+-1 -1 -1

-1
-1

27 70 45 45 28 9 29 30 39 29 56 80 29 -1

-1

1-1-1-1-1-1-1-1-1-1-11-1

-1

1-1-1-1-1-1-1-1-1-10-1-1-1-1-1-1-11-1
-1-1-1-1-1-1-1-1-1~+-1 -1

-1
-1

-1 778 69 49 68 78 -1 66 8 6 79 40 -1

-1

1-1-1-1-1-1-1-1-1-1-1~+-1

-1

1-1-1-15%-1-1-1-1-1-1-1-1-10-1-1-1-1-1:--11-1
-1 -1 -1 -1 -1-1-1-1-1-1-1-+-1

-1 57 63 -1

-1 -1
-1 -1 -1

-1
-1

74 37 -1 41 6

-1

-1

-1

-1 -1

-1

-1 -1 -1

-1

1-1-1-1-1-1-1-1-1-1-1-10-1-1-1-1-1~H-1
1-1-1-1-1-1-1-1-1-1-1~1-11

-1
-1

-1 42 12 -1

-1

-1 16 74 27 44 -1

-1

-1 24 -1
-1

-1

-1 -1

-1

-1-1 -1 -1

-1

-1

-1

1-1-1-1-1-1-1-1-1-1-1-1-1-10-1-1-1-11+-11
1-1-1-1-1-1-1-1-1-1-1-11:11

-1
-1

-1 183 59 -1

-1
-1 -1

-1
-1

-1 9 20 -1 25 -1

-1 -1 -1

-1

-1-1 -1 -1

-1

-1 -1 -1

-1

1-12-1-1-1-1-1-1-1-1-127-1-1-1-1-1-10
-1 -1 -1-1-1-1-1-1-1-1 -1 -1 -1

-1
-1

-1 79-15 78-11

-1
-1 -1

-1

-1

-1

-1

-1

-1 -1 -1 -1 -1

-1

-1 -1

-1

-142-1-1-1-1-1-1-1-1-1-1-1-10
-1-1-1-1-1-1-1-+-1

-1 43 -1 -1 18 -1
-1 -1

-1

-1
-1

-1
-1

-1 67 30 -1

-1

-1 24 47 -1

-1

-1

-1

-1

-1

-1

-1 -1

-1

-1 -1

-1

-1 -1

-10

-1-1-1-1-1-1-164-1-1-1-1-1-1-1
-1-1-1-1-1-1-1 -1 -1 -1

-1
-1

-1 58 51 70 -1 35 -1

-1 -1-178-1-1
-1 -1 -1 -1 -1

-1

-1

-1

-1 -1 -1 -1 -1

-1

-1

-1

-1 0 -1

1-14 -1-1-1-1-1-163-1-1-1-1-1-1-1-1~+-1
-1 -1 -1-1-1-1-1-1 -1 -1 -1 -1

-1
-1

-1 78 -1 39 -1 66 38 -1

-1
-1 -1

-10

-1

-1

-1

-1-1-1-1-1-1

-1

-1

-1-18-1-1-1-1-1-1-1-1-1-1-1-1-1-1-10
-1 -1 -1-1-1-1-1-1-1-+-1

-1
-1

-1 12 11 38 -1

-1 -1 -1
-1 -1 -1 -1

-1 45 -1 -1 3
-1 -1

-1

-1

-1

-1 -1 -1

-1

-1

-1

-1

1-1-1-1-1-1-1-1-1-1-1+-1
-1-1-1-1 -1

-1 27 35 -1

-126-1-1-1-1-1-1-1-1-+-1
-1-1-1-1-1-1-1-1-+-1

-1 62 -1 57 12 -1
-1

0

-1

-1 -1

-1

-1

-1

-1 -1 -1 -1

-1

1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1~-11:-1
1-1-1-1-1-1-1-1-1-1-1-1~1-1

-1
-1

-1 34-1-123-1513
-1

-1

-1 -1
-1 -1

-1 29 -1

-1 -1 -1

-1

-1

-1

-10

1-1-1-1-1-1-1-1-1-1-11:-1
-1-1 -1 -1 -1

-1
-1

-1 71 -1 61 -1

1 -1 -1-144-1-1 -154-1-1-1
1414 1 -1 11 -1

-1

-1 48 -1

-1

-1 -1 -1

-1

-1

-1 -1

-1

-10

-1

1 228-1-1-1-12-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1--1-1~:--11-1
-1 -1 -1 1-1-1-1-1-1-1-1-1-1-11-11

-1

-1 -1-17 -133-1
-1-1-10 -1

-1

-1

-1

-1

-1

-1

1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1~:--11-11
1-1-1-1-1-1-1-1-1-1-1-11-1

-1
-1

-1 -1 -1 -1 64 42 -1
-1 -1 -1 -1

-1

-1 48 -1 11 -1

-1 -1

-1

-1 0

-1 -1

-1
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-1-1-1-1-1-1-1-1-+-1
-1 -1

-1
-1

-1 77 -1 37 -1

1-1-1-173-1-1-1-1-1-1-173-1-1-1-11+-1
-1-1 -1 -1 -1-1-1-1-1-1 -1-1 -1 -1 -1

-1

-1 -1 -1

-1

-1

-1

-10

1-1-1-1-1-1-1-165-1-1-1-1-1-1-1-1~-1-11-1
-1-1-1-1-1-1-1-1 -1 -1 -1

-1
-1

-1 40 -1 56 -1

-1-1-1-1 -1
-1 -1 -1 -1

-1 45 -1

-1

-1

-1 -1 -1

-1

-10

-1

-1

140-1-1-1-1-1-1-1-1-14-1-1-1-1-1-1-1-1-1-1-1~-1~+-1
-1 -1-1-1-1-1-1-1-+-1 -1-1-1-1 -1

-151-1-1-112-1 -1
-1 -1

-1

-1

-1

-1

-10 -1

-1

-1

-1

-1

1-1-1-1-1-1-1-139-1-1-1-1-1-1-1-1-1-1-1-1-1:--11-11
-1-1-1-1-1-1-1-1 -1-1-1-1-1-1-+-1

-1 77 -1

-1 -1-1535 -1
-1 -1 -1 -1

-1

-1

-1

-1-10

-1

-1

1-1-1-1-1-1-1-1-1-1-1-1~-11-1
-1-1-1-1-1-1-1

-1
-1

-1 68 -1 52 -1 11 57 -1

-1-1-1-1-1-1-1-1-1-+-1
-1-1-1-1-1-1-1-+-1 -1

-1

-1-1-1-1-1-1

-1

-1 0

1-1-1-160-1-1-12-1-1-1-1-1-1-1-1-1~-1-11-11
-1 -1 -1 -1 -1 -1 -1 -1 -1

-1

-1 32 -1

-1-1-1-1-1-1-166-1
-1-1-1-1-1-1-1

-1

-1

-1

-1

-1

-1-10 -1

-1

1-1-12-1-1-1-1-19 -1-1-128-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1~-1~-1
-1 -1 -1 -1 -1 -1 -1 -1 -1-1-1-1-1-1-1-1-1-1~+-1

-1

-1

-10 -1

-1

-1

-1

1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1~-11-11
1-1-1-1-1-1-1-1-1-1-1-11+-1

-1-1-171-1-1-1-1-1-142-1
-1 -1 -1 -1 -1 -1

-1

58 -1

-10

-1

-1

-1

-1

1-1-1-1-1-1-1-1-148-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1:-1H-11-1
-1-1-1-1-1-1-1-1-+-1 -1-1-1-1-1-1-1-1-1-1-11-11

-1 8 75 -1

-10

-1 -1

-1

1-1-1-1-11-1-17v%-1-1-1-1-1-1-1-1-1-11-1
-1 -1 -1 -1 -1 -1 -1 -1

-1
-1

-1 .32 -1 18 -1

-1-1-1-1-1-1-1
-1-1-1-1-1-1-1-1

-1

-1

-1

-1

-10

-1 -1 -1

-1

11%5-1-1-1-1-1-1-1-1-1-1-1-11-1
-1-1-1-1 -1

-1

-1-1-1-1-141-1-1-1-1-1-1-1-142-1
-1 -1 -1 -1 -1 -1-1-1-1-1-10

-1 53 -1

-1

-1

-1

-1

-1

-1

-1

-1

1-1-1-1-1-1-1-1-1-1-1-1-11-11
-1-1-1-1-1-1-+-1

-1
-1

-1 15 -1 10 -1 44 -1 4

-1-1-1-1-1-1-1-1-1-+-41
1-1-1-1-1-1-1-1-1-1*+-1

-1

-1-1-1-10 -1

-1

1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1:-1~:-1
-1-1-1-1-1-1-1-1 -1-1-1-1-1-1-1-1

-1
-1

-1 42 18 -1

-1

-1 59 -1
-1

-1

-10

-1 -1

-1

-1

-1

1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1--1-1-=1H-11-1
-1-1-1-1-1-1-1 -1-1-1-1-1-1-1

-1
-1

1049 -1 74 -1

-1 -1
-1 -1 -1

52 12 -1

-10

-1 -1 -1

-1

-1

-1

1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1~H-1
-1 -1 -1 -1 -1-1-1-1-1-1

-1
-1

-1 3818 -1 21 -1

-13-1-1-1-1-1
-1 -1 -1 -1 -1 -1

-1

-10

-1 -1 -1 -1

-1

-1

-1

1-1-147-1-1-1-1-1-1-1-114-1-1-1-1-1-1-11848-1-1-1-1-1-1-1-1-1-1~+-1
-1 -1 -1 -1-1-1-1-1-1-1 -1-1-1-1-1-10 -1 -1 -1

-1

-1

-1

-1

-1

-1

-1

1-1-1-1-1-1-1-1-1-1-1-1~H-1
-1 -1 -1 -1

-1
-1

-1 17 -1 49 -1

-1-1-1-13-1-1-1-1-1231-1-1-+-1
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

-1

-1 0

-1 -1 -1

-1

-1

-1

-1

-1

1-1-1-1-1-1-1-1124-1-1-1-114-1-1-1-1-1-1-1-1-1-1-1-1-1-1-11:-1
-1-1-1-1-1-1-1-1 -1 -1 -1 -1-1 -1 -1 -1 -1 -1

-1 26 -1

-1 0

-1

-1

-1

-1

-1

-1

1-17v7-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1:-1H-11-1
-1 -1 -1-1-1-1-1-1 -1 -1

-1 65-1 -1 2
-1

-1

-1 -1-1-1-114-1
-1-1-1-1 -1

-1

-10

-1 -1 -1

-1

-1

-1

-1

1-1-1-1-1-1-1-1-13%-1-1-15883-1-1-1-1-174-1-1-1-1-1-1-1-1-1-1-1-1~1-1
-1-1-1-1-1-1-1-1-+-1 -1 -1 -1 -1 -1 -1 -1 -1 -1

-1

-10

-1

-1 -1 -1

-1

-1

13%-1-1-1-1-15-1-1-1-1-1-1-1-1-1-1-1-1-111%-1-1-1-1-1-1-1-1-1-1~¢-1
-1 -1 -1 -1 -1 1-1-1-1-1-1-1-1-1-1-11-1 -1

-1

-10

-1

-1

-1

-1

-1

-1

Rate matching

5.1.4

Rate matching for LDPC coded transport channels

5.14.1

The rate matching for LDPC coded transport channels is defined per coded bit stream dy. The sequence of bits e, for

transmission is generated according to below.
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Denoting by E the rate matching output sequence length for the r-th coded block, the rate matching output bit sequence
is e, k=01,.., e-1.

Define by G the total number of bits available for the transmission of one transport block.

SetG' = G/(NL ~Qm) where Q,, is equal to 2 for QPSK, 4 for 16QAM and 6 for 64QAM, and where N is equal to the

number of layers a transport block is mapped onto. Note that for the case of transmit diversity transmission mode, N, =
1.

Set y =G'mod C , where C is the number of code blocks computed in section 5.1.2.
ifr<y
setE=N,-Q,-[G'/C]
else
setE=N,-Q,-1G'/C|
end if

For Coding Type 1, set k, =0.

For Coding Type 2, set k, = (E] . rvidx), where rvig =0, 1, 2, or 3.
Setk=0andj=0
while {k<E}
if g+ )y moap =< NULL >
ek = A(ky+j) mod D
k=k+1
end if
j=j+

end while

5.1.4.2 Rate matching for convolutionally coded transport channels and control
information

The rate matching for convolutionally coded transport channels and control information consists of interleaving the

three bit streams, d IEO) , d él) and d IEZ) , followed by the collection of bits and the generation of a circular buffer as

depicted in Figure 5.1.4.2-1. The output bits are transmitted as described in section 5.1.4.2.2.

(0) (0)
dy Sub-block | Vi |
> interleaver d
virtual circular
buffer
e
dw v . W, . . k
k Sub-block K o Bit k Bit selection ’
interleaver "1 collection and pruning
d® v®
k ) Sub-block K o
interleaver

KT 5G-SIG
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Figure 5.1.4.2-1. Rate matching for convolutionally coded transport channels and control information.

The bit stream d © is interleaved according to the sub-block interleaver defined in section 5.1.4.2.1 with an output

0 O 0 0
yvl 1V2 1t V

sequence defined as Vg ky-1 and where Ky is defined in section 5.1.4.2.1.

The bit stream dé ) is interleaved according to the sub-block interleaver defined in section 5.1.4.2.1 with an output

sequence defined as V(() ) .Vl(l) ) Vél)' 'V|(<l)n—1'

The bit stream d (@ is interleaved according to the sub-block interleaver defined in section 5.1.4.2.1 with an output

(2) (2) (2)
1 Vo eV

sequence defined as v, @y Kipd-

The sequence of bits e, for transmission is generated according to section 5.1.4.2.2.

5.14.2.1 Sub-block interleaver

i i i i
The bits input to the block interleaver are denoted by dé ) , dl( ),dé ) ot |(3)_1, where D is the number of bits. The output
bit sequence from the block interleaver is derived as follows:

cC
(1) Assign Csubblock =32 to be the number of columns of the matrix. The columns of the matrix are numbered 0,1,

CCC -1 .
2,..., “subblock —+from left to right.
. . pCC - . . cc
(2) Determine the number of rows of the matrix Rsubblock, by finding minimum integer Rsubblock such that:

D< (RsubblockXCsubblock)

CC
The rows of rectangular matrix are numbered 0, 1, 2,..., Rsubblock ~1from top to bottom.

CC CcC
3) |f(Rsubblockxcsubblock)> D, thenNp = (Rsubblockxcsubblock D) dummy bits are padded such that y, = <NULL>

fork=0,1,...,Np-1. Then, Yny4k = d{ ,k=0,1,..., D-1, and the bit sequence yj is written into the

cC
(Rsubblockx Csubblock) matrix row by row starting with bit y, in column 0 of row O:

Yo Y1 Yo Y.cc
Cabblock L
Y.cc Y.cc Y.cc Y, ~cc
Csul}block Csubb.lock +1 Csubb]ock +2 ) zcsubplock -1
Y ncc cc Y, nce cc Y, nce cc Y Lce
(Reusblock ~D*Caubblock (Raublock ~D*Cubblock 1 (Raublock ~D*Csibblock T2 (Rsubblockxcsubblock -1

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

JE{O 1v---vcsubblock -1
in table 5.1.4.2.1-1, where P(j) is the original column position of the j-th permuted column. After permutation of

. cc CCC .
the columns, the inter-column permuted Rsubblockx subblock/ matrix is equal to

KT 5G-SIG
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Yr(0) Ypa) Yr(2)

cc
yP(Csubblockfl)
cc cc cc cc cc
yP(0)+(_3subb|ock yP(1)+qubb|ock yP(2)+(§subb|ock yP(Csubblock_*l)‘*'Csubblock

cc cc cc cc cc cc cc cc cc
yP(0)+(Rsubblock_1)><Csubblock yP(1)+(Rsubblock—l)xcsubblock yP(2)+(Rsubbmck—l)xcwbblock yP(Csubblock_l)+(Rsubblock—1)><Csubblock

(5) The output of the block interleaver is the bit sequence read out column by column from the inter-column
CC cC
permuted Rsubblockx Csubmock)matrix. The bits after sub-block interleaving are denoted by

vg),vl(i),vg),...,vﬁzrl,where Vc()') corresponds to Yp(q), Vl(')
cC cc
Kn = (Rsubblockxcsubblock)

Table 5.1.4.2.1-1 Inter-column permutation pattern for sub-block interleaver.

to yp(o) . and

o ..
+CsBblock

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

5.1.4.2.2 Bit collection, selection and transmission

The circular buffer of length K, =3K; is generated as follows:
0
WkZVlE) fork=0,..., Ky -1
Wy =V fork=
kywk =Yk fork=0,..., Ky -1
W =v@®  fork=
2Kk = Vi ork=0,..., Ky -1

Denoting by E the rate matching output sequence length, the rate matching output bit sequence is e, , k=0,1,
Setk=0andj=0
while {k<E}

if ijOdKW #< NULL>

€ =Wimodk,,
k=k+1
end if
=i+
end while

5.1.5 Code block concatenation
The input bit sequence for the code block concatenation block are the sequences e, , for r=0,....C~1 and

k=0,...,.E, —1. The output bit sequence from the code block concatenation block is the sequence f, for
k=0,..,G-1.
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The code block concatenation consists of sequentially concatenating the rate matching outputs for the different code
blocks. Therefore,

Set k=0and r=0
while r<C
Set j=0

while j<E,

fk = erJ

k=k+1

j=j+1
end while
r=r+1

end while

5.2 Uplink transport channels and control information

521 Random access channel

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

5.2.2 Uplink shared channel

The processing structure for the UL-SCH transport channel on one UL cell.

Add CRC to the transport block

— Code block segmentation

—  Channel coding of data and control information
— Rate matching

— Code block concatenation

— Multiplexing of data and control information

—  Channel interleaver

The coding steps for one UL-SCH transport block are shown in the figure below. The same general processing applies
for each UL-SCH transport block.
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Figure 5.2.2-1: Transport block processing for UL-SCH.
5.2.2.1 Transport block CRC attachment

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

The entire transport block is used to calculate the CRC parity bits. Denote the bits in a transport block delivered to layer
lbyagy,a,a,,a;,...,a5 1, and the parity bits by py, p;. P2, P3,....PL_1- A is the size of the transport block 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 section 6.1.1 of [4].

The parity bits are computed and attached to the UL-SCH transport block according to section 5.1.1 setting L to 24 bits
and using the generator polynomial gcrcosa(D).

5.2.2.2 Code block segmentation

The bits input to the code block segmentation are denoted by by, b;,b,,b;,...,bg_; where B is the number of bits in the
transport block (including CRC).
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The bits after code block segmentation are denoted by Cr0s Cr11Cr2) Cr3s-++Cr(k, 1), where r is the code block number
and K, is the number of bits for code block number r.

5.2.2.3 Channel coding of UL-SCH

Code blocks are delivered to the channel coding block. The bits in a code block are denoted by
Cro+Cr1,Cr2sCrase--Cr(k, 1) » Where I is the code block number, and K. is the number of bits in code block number r.

The total number of code blocks is denoted by C and each code block is individually LDPC encoded according to
section 5.1.3.2.

After encoding the bits are denoted by dyg, dr1, dr, .. , Arpr-1y With Dy = Njgyc is the number of bits on the i-th coded
stream for code block number r.

5.2.2.4 Rate matching

LDPC coded blocks are delivered to the rate matching block. They are denoted by dyo, dr1, dro, ... , drpr.1) Where 1 is the
code block number, i is the coded stream index, and D, = Nygyc is the number of bits in each coded stream of code block
number r. The total number of code blocks is denoted by C and each coded block is individually rate matched according
to section 5.1.4.1. After rate matching, the bits are denoted bye,,,e,e,,,€3,... &g, 1), Where ris the coded block

number, and where E, is the number of rate matched bits for code block number r.

5225 Code block concatenation

The bits input to the code block concatenation block are denoted by e «(g,-1) fOr T =0,..C-1and

rO'erlverzverS vvvv e
where E, is the number of rate matched bits for the r-th code block.

Code block concatenation is performed according to section 5.1.5.

The bits after code block concatenation are denoted by fy, f;, f,, f5,...,fg_;, where G is the total number of coded bits
for transmission of the given transport block over N, transmission layers excluding the bits used for control

transmission, when control information is multiplexed with the UL-SCH transmission. Note that for the case of transmit
diversity transmission mode, N, = 1.

5.2.2.6 Channel coding of control information

Control data arrives at the coding unit in the form of channel quality information (CQI and/or PMI and/or beam state
information (BSI) and/or beam refinement information (BRI)), and rank indication. Different coding rates for the
control information are achieved by allocating different number of coded symbols for its transmission. When control
data are transmitted in the xPUSCH, the channel coding for rank indication, and channel quality and beam related
information 0y, 0;,0,,...,00_; is done independently.

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

Only one transport block is transmitted in the xPUSCH conveying rank indicator bits:

O M XPUSCH —initial _ N XPUSCH —initial =~ oxPUSCH
sC symb offset M XPUSCH N xPUSCH
v Wlse :

P,
Q =min Cc-1 symb
Z Kr
r=0

where

- O isthe number of rank indicator bits, and
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MSXCPUSCH is the scheduled bandwidth for xPUSCH transmission in the current sub-frame for the transport block,

expressed as a number of subcarriers in [2], where a number of subcarriers used for PCRS transmission are not
counted, and

N:yiﬁfc” is the number of OFDM symbols per subframe for xPUSCH in the current sub-frame for the transport

block, respectively, where symbol(s) that DMRS is mapped on is not counted.

initi PUSCH—initial PUSCH . Lo
Ny el = NP M =M ,c,and K are obtained from the initial xPDCCH

for the same transport block. If there is no initial xPDCCH for the same transport block, C , and Kr shall be
determined from:

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

For rank indication, Qg =Q,, - Q", and BFU = R where Q,, is the modulation order of a given transport

block, and 3 ... shall be determined according to [3]

For rank indication (RI)

-If RI feedback consists of 1-bit of information, i.e., [053I ], itis first encoded according to Table 5.2.2.6-1. The

[ooRI ] to RI mapping is given by Table 5.2.2.6-2.

Table 5.2.2.6-1: Encoding of 1-bit RI.

Qm Encoded RI
2 [o5' Y]

4 [o;' y xX

6 [0f y xxxx ]

Table 5.2.2.6-2: Og' to Rl mapping.

Ogl RI
0 1
1 2

The “x” and “y” in Table 5.2.2.6-1 is placeholders for [2] to scramble the RI bits in a way that maximizes the Euclidean
distance of the modulation symbols carrying rank information.

For the case where RI feedback consists of one or two bits of information the bit sequence qg“ ,qu' ,qZR' ,...,qQRILI s

obtained by concatenation of multiple encoded RI blocks where Qg is the total number of coded bits for all the

encoded RI blocks. The last concatenation of the encoded RI block may be partial so that the total bit sequence length
is equal to Qg .

When rank information is to be multiplexed with UL-SCH at a given xPUSCH, the rank information is multiplexed in
all layers of all transport blocks of that xPUSCH. For a given transport block, the vector sequence output of the channel
coding for rank information is denoted by qg“ , qu' qg'
- - —%RI
length (Q,,- N, ) and where Qk; = Qg, / Q- The vector sequence is obtained as follows:

RI .
1,where q, . 1=0,...Qg —1 are column vectors of

Seti, j,kto0

while i< QR|
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c_isl =[q} ..tii'Qm_l] -- temporary row vector

AT 448

qf' = [qf' L qf‘ ' -- replicating the row vector C_ifl N, times and transposing into a column vector

i=i+Qpy
k=k+1
end while
where N L is the number of layers onto which the UL-SCH transport block is mapped. Note that for the case of
transmit diversity transmission mode, N_ = 1.
For channel quality control information (CQI and/or PMI and/or BSI and/or BRI denoted as CQI/PMI/BSI/BRI)

When the UE transmits channel quality control information bits, it shall determine the number of modulation coded
’
symbols per layer Q for channel quality and beam related information as

XPUSCH —initial XPUSCH —initial xPUSCH
. (O + L) ‘M sc : Nsymb : ﬂoffset xPUSCH xPUSCH Q RI
Q'=min c M -N -
1 sC symb
> K. Qu
r=0

where
- O isthe number of CQI/PMI/BSI/BRI bits, and

0 Ox<11

, and
8 otherwise

- L isthe number of CRC bits given by :{

Qeor =Q,-Q'and Bl = BS54, where B2 shall be determined according to [3] depending on the

offset — [Moffset? offset
number of transmission codewords for the corresponding xPUSCH.

- If Rl is not transmitted, then Q. =0.

XPUSCH —initial
Nsymb

XPDCCH for the same transport block, mPvseH-intial “C and K, shall be determined from:

, MPuseH-iniial “Cand K, are obtained from the xPDCCH for the same transport block. If there is no

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

For UL-SCH data information G = N, .(NXPUSC“ MEFSM.Q — Qo —Qry ) , Where

symb

- N, is the number of layers the corresponding UL-SCH transport block is mapped onto, note that for the case of
transmit diversity transmission mode, N, = 1, and

MSXCPUSCH is the scheduled bandwidth for xPUSCH transmission in the current sub-frame for the transport block,

where the subcarriers used for PCRS transmission are not counted, and

xPUSCH
N symb

is the number of OFDM symbols in the current XxPUSCH transmission sub-frame block obtained from
the xPDCCH for the same transport block, where symbol(s) that DMRS is mapped on are not counted.

If the CQI/PMI/BSI/BRI payload size is less than or equal to 11 bits, the channel coding of the channel quality and
beam related information is performed according to section 5.2.2.6.3 with input sequence 0y, 0;,0,,...,00_1 , Where any

CQI/PMI bits occur at the beginning of the input sequence, followed by any BSI bits, followed by any BRI bits.
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For CQI/PMI/BSI/BRI payload sizes greater than 11 bits, the CRC attachment, channel coding and rate matching of the
channel quality and beam related information is performed according to sections 5.1.1, 5.1.3.1 and 5.1.4.2, respectively.
The input bit sequence to the CRC attachment operation is 0,04, 0,,...,05_4, Where any CQI/PMI bits occur at the

beginning of the input sequence, followed by any BSI bits, followed by any BRI bits. The output bit sequence of the
CRC attachment operation is the input bit sequence to the channel coding operation. The output bit sequence of the
channel coding operation is the input bit sequence to the rate matching operation.

The output sequence for the channel coding of channel quality and beam related information is denoted by
Jo: 01, qz,qg,...,qNL_QCQI _1, Where N, is the number of layers the corresponding UL-SCH transport block is mapped

onto. Note that for the case of transmit diversity transmission mode, N, = 1.

5.2.26.1 Channel quality information formats for wideband CQI reports

Table 5.2.2.6.1-1 shows the fields and the corresponding bit widths for the channel quality information feedback for
wideband reports for xPDSCH transmissions.

Table 5.2.2.6.1-1: Fields for channel quality information feedback for one wideband CQI report

Field Bit width
Rank =1 | Rank =2 No PMI
Wideband CQI 4 4 4
Precoding matrix indicator (PMI) | {2,4,8} {2,4,8} 0
Rank indication (RI) 1 1 0

The bit width of PMI depends on the number of the corresponding CSI-RS port, for 2/4/8 Tx ports, the bit width of PMI
is equal to 2 bits, 4bits, and 8bits respectively.

5.2.2.6.2 Beam related information formats for wideband reports

Table 5.2.2.6.2-1 shows the fields and the corresponding bit widths for the beam state information feedback for
wideband report for xPDSCH transmissions.

Table 5.2.2.6.2-1: Fields for BSI feedback for wideband report.

Field Bit width

BRS index 9*N
Wide-band BRSRP 7*N

Table 5.2.2.6.2-2 shows the fields and the corresponding bit widths for the beam refinement information feedback for
wideband report for xPDSCH transmissions.

Table 5.2.2.6.2-2: Fields for BRI feedback for one wideband report.

Field Bit width

BRRS index 3*N
Wide-band BRRS-RP 7*N

The beam related information in Table 5.2.2.6.2-1 and Table 5.2.2.6.2-2 form the bit sequence 0p,0¢,0,,...,091 with
0y corresponding to the first bit of the first field in the table, 0; corresponding to the second bit of the first field in the

table, and Og_; corresponding to the last bit in the last field in the table. The first bit of each field corresponds to MSB
and the last bit LSB.
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5.2.2.6.3 Channel coding for CQI/PMI/BSI/BRI information in xPUSCH

The channel quality and/or beam related information bits input to the channel coding block are denoted by
0q,01,09,03,...,00_1 where O is the number of bits. The number of channel quality and beam related information bits

depend on the transmission format. When xPUCCH-based reporting format is used, the number of CQI/PMI/BSI/BRI
bits is defined in section 5.2.3.3.1 for wideband reports. When xPUSCH-based reporting format is used, the number of
CQI/PMI/BSI/BRI bits is defined in section 5.2.2.6.1 for wideband reports.

The channel quality and/or beam related information is first coded using a (32, O) block code. The code words of the
(32, O) block code are a linear combination of the 11 basis sequences denoted M; , and defined in Table 5.2.2.6.3-1.

Table 5.2.2.6.3-1: Basis sequences for (32, O) code.

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

1 0 0 0 0 0 0 0 0 0 0

w
=

The encoded CQI/PMI/BSI/BRI block is denoted by bg,by,by,bs,...bg_1 where B =32 and
0-1
b, = Z(on -Mi,n)modz wherei=0, 1,2, ..., B-1.
n=0
The output bit sequence q,,q;,d,,0s, .-, qNL_QCQI _, is obtained by circular repetition of the encoded CQI/PMI/BSI/BRI

block as follows

di =b(imodB) wherei=0, 1,2, ..., N;.Qcoi-1, where N, is the number of layers the corresponding UL-SCH
transport block is mapped onto. Note that for the case of transmit diversity transmission mode, N, = 1.
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5.2.2.7 Data and control multiplexing

The control and data multiplexing is performed such that the multiplexing ensures control and data information are
mapped to different modulation symbols.

The inputs to the data and control multiplexing are the coded bits of the control information denoted by
Gos Gy Ozs Gases Oy g1+ Where Qoo =Qoq /Qp . and the coded bits of the UL-SCH denoted by
fo. f1. f5, f3,....fc; . The output of the data and control multiplexing operation is denoted by 9 ,9,,9,:9,:--9,,. ;.
where H =(G+N, -Qcq ) and H'=H/(N_-Q,) , and where 9. i=0,...,H'=1 are column vectors of length

(Qn -N_ ). H is the total number of coded bits allocated for UL-SCH data and CQI/PMI/BSI/BRI information across
the N, transmission layers of the transport block. Note that for the case of transmit diversity transmission mode, N, = 1.

In the case of single transport block transmission, and assuming that N, is the number of layers onto which the UL-

SCH transport block is mapped (N, = 1 for transmit diversity transmission), the control information and the data shall
be multiplexed as follows:

Seti, j,kto0

while j<N_Qcq - first place the control information

9, 19 -Gy 0T

j: j"’NL 'Qm
k=k+1
end while

while i <G -- then place the data

9, =[fi~-ﬂ+QmNL4JT

i=i+Qy,-N_
k=k+1

end while

5228 Channel interleaver

The channel interleaver described in this section in conjunction with the resource element mapping for xPUSCH in [2]
implements a time-first mapping of control modulation symbols and frequency-first mapping of data modulation
symbols onto the transmit waveform.

The inputs to the channel interleaver are denoted by 9 ,9,.9,.---.9,,, ,,and ggl ,glRI ,g;“ ,---,ggl,m E

The number of modulation symbols per layer in the subframe is given by H,,., = H'+Qg, . The output bit sequence
from the channel interleaver is derived as follows:

(1) Assign Cyx =N&mp " to be the number of columns of the matrix. The columns of the matrix are numbered 0,

1, 2,...,Cux —1 from left to right. N,_fy‘fni,c*' is determined according to section 5.2.2.6.
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(2) The number of rows of the matrix is Roy, = (Hiptar - Qum - Ni_ )/ Conux and define Ry = Rpux /(Qm - N ).

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

Yo % Y Y1
—C'mux —Cmux +1 —Cmyx +2 ) —ZCrpux -1
Y oo Yoo Y o Y
=(Riux DxCrux - =(Riux ~DxCrux +1 - =(Rmux —1)*Crux +2 =(Riux *Crmux —1)

(3) If rank information is transmitted in this subframe, the vector sequence qg' ,qf' ,qS' | ' is written into the

R
—Qu -1
(Rmux % Cmux ) matrix by sets of (Qy - N|) rows starting with the vector y - in column 0 and rows 0 to
(Qn - N —1) according to the following pseudo-code:

SetitoO.

while i <Qy, .

I=i+1
end while

(4) Write the portion of the input vector sequence containing CQI/PMI/BSI/BRI information,
9,909, gQ, L into the (Rpy,x X Cpnux ) Matrix according to the following pseudo-code:
—v —1 — —~cQl

SetitoO.

while i < Qg ,

ZivQy i
I=i+1
end while

(5) Write the remaining portion of the input vector sequence containing the UL-SCH data,

9. +9 9

ZQtor "2 Qo 1" 2 Qg 27

Y, and moving downward, skipping the matrix entries that are already occupied.

9 into the (Rpyux X Cpnux ) Matrix column by column starting with the vector

(6) The output of the block interleaver is the bit sequence read out column by column from the (Rpyue X Crux )
matrix. The bits after channel interleaving are denoted by hy,h, ,h,,....h,. o ;. where N is the number
of layers the corresponding UL-SCH transport block is mapped onto.

5.2.3 Uplink control information on xPUCCH

Data arrives to the coding unit in the form of indicators for scheduling request, and HARQ acknowledgement, rank
indicator, channel quality information (CQI and/or PMI), beam related information (BSI and/or BRI).

One form of channel coding is used, as shown in Figure 5.2.3-1 for at least one or combination of HARQ-ACK,
scheduling request, rank indicator, channel quality information (CQI and/or PMI), and beam related information (BSI
and/or BRI) transmitted on xPUCCH.
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89,8y, 8pg i

Channel coding

bo, by by l

Figure 5.2.3-1: Processing for UCI.

5.2.3.1 Channel coding for UCI HARQ-ACK

The HARQ-ACK bits are received from higher layers for each subframe. HARQ-ACK consists of 1-bit of information,
i.e., b0 corresponding to ACK/NACK bit for codeword 0. Each positive acknowledgement (ACK) is encoded as a

binary ‘1’ and each negative acknowledgement (NACK) is encoded as a binary 0’. For the case where xPUCCH format
2 [2] is scheduled [3], the HARQ-ACK feedback consists of the concatenation of HARQ-ACK bits which the UE needs
to feedback for downlink subframes. For all cells, single codeword transmission modes, 1 bit of HARQ-ACK

information, @, is used. The HARQ-ACK bits are processed for transmission according to section 11.1 [3].

Define NXP2CCHP™ 2 55 the number of HARQ-ACK bits when xPUCCH format 2 is used for transmission of HARQ-

ACK feedback (section 11.1 in [3]).

The sequence of bits @y,8;,8,,...,, al’\lmw.fmmatz_l is obtained from the HARQ-ACK bits for different downlink

subframes.

Define BCDL as the number of downlink subframes for which the UE needs to feedback HARQ-ACK bits in cell ¢ as
defined in Section 7.3 of [3].

The number of HARQ-ACK bits for the UE to convey is computed as follows:
Set k = 0 — counter of HARQ-ACK bits

set | = 0 — counter of downlink subframes

. DL
while 1 < B

k=k+1
I=1+1
end while

xPUCCHformat 2 . . . . ACK
For Ny/n <10, the bit sequence 8,8, 8,1, 8 spucciomaz _y is Obtained by setting & = 07"
The sequence of bits @y, &;,a,,...,, aNxPUCCHformatz L is encoded as follows
AIN 7

PUCCHformat2
NX 1
AIN

6|: Z(a‘n'l\/li,n)mOd2
n=0
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wherei=0, 1, 2, ..., 31 and the basis sequences M , are defined in Table 5.2.2.6.3-1.

The output bit sequence by,b;,b,,...,.bg_; is obtained by circular repetition of the sequence 50 , 51, 52 531

by = b(i mod32)

wherei=0, 1,2, ..., B-1and where B=8- NSF;B.

5.2.3.2 Channel coding for UCI scheduling request

The scheduling request indication is received from higher layers and is processed according to [2] and [3].

5.2.3.3 Channel coding for UCI channel quality information

The channel quality information bits input to the channel coding block are denoted by dg,d;,d5,d3,...,da 1 where A

is the number of bits. The number of channel quality information bits depends on the transmission format as indicated
in section 5.2.3.3.1 for wideband reports.

For the channel quality information bits dg,dy,d9,d3,...,84a ¢, if A < 11, channel coding defined in section 5.2.3.1

shall be applied. The output bit sequence bo ) bl, bg,---,, bB_1 where B=8- NSFEB is obtained after the channel coding.

For 11 < A < 22, the bit sequence ay,a;,a,,83,...,854 IS Obtained by setting &, =0, if i is even and

A przteinre = O if i is odd. The sequences of bits a,,a,,a,,.. w0 & and & 2] & izt & arzfezr s Aag AT
encoded as follows
[A2]1
= (a,-M,,)mod2

n=0

and

l%: Agl (a[A/ﬂm ‘M, ) mod 2

wherei=0, 1, 2, ..., 31 and the basis sequences M , are defined in Table 5.2.2.6.3-1.

The output bit sequence by, b;,b,,...,,bg_; where B =8- Ns'zB is obtained by the alternate concatenation of the bit

~ ~

sequences by,b;,b, ..., b, and 0y,b,,0,.,...,, by, as follows
Seti,j=0

while i <8- NR®
by = b(jmod32)’ b, = b((J'+l)m°d32)

b b (jmod32) » bi+ b ((j+1)mod32)
izi+4

j=j+2
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end while
52331 Channel quality information formats for wideband reports

Table 5.2.3.3.1-1 shows the fields and the corresponding bit widths for the channel quality information feedback for
wideband reports for xPDSCH transmissions.

Table 5.2.3.3.1-1: Fields for channel quality information feedback for one wideband CQI report.

Field Bit width
Rank =1 | Rank =2 | No PMI
Wideband CQI 4 4 4
Precoding matrix indicator (PMI) {2,4,8} {2,4,8} 0
Rank indication (RI) 1 1 0

The bit width of precoding matrix depends on the number of the corresponding CSI-RS port, for 2/4/8 Tx ports, the bit
width of PMI is equal to 2 bits, 4bits, and 8bits, respectively.

The channel quality bits in Table 5.2.3.3.1-1 form the bit sequence agy,a,,a,,a3,...,a5_4 With a, corresponding to the
first bit of the first field in each of the tables, a; corresponding to the second bit of the first field in each of the tables,
and a,_; corresponding to the last bit in the last field in each of the tables. The first bit corresponds to MSB and the
last bit LSB.

5.2.34 Channel coding for UCI Beam related information feedback

The beam related information bits input to the channel coding block are denoted by a,,a,,a,,as,...,.a5_4 Where A is

the number of bits. The number of beam related information bits depends on the transmission format as indicated in
section 5.2.3.4.1 for wideband reports.

For the beam related information (BSI or BRI) bits, dg,d;,d5,d3,...,dp 1, if A <11, then channel coding defined in

Section 5.2.3.1 shall be applied. The output bit sequence bo ) bl, b2 yreen bB_1 where B=8- NSF;B is obtained after the
channel coding. Otherwise, channel coding defined in section 5.2.3.3 shall be applied and the output bit sequence

bo ) bl, bz,---,, bB—l where B =8- NSF;B is obtained by the alternate concatenation of the bit sequences defined in
section 5.2.3.3.

5.2.34.1 BSI format for wideband report
Table 5.2.3.4.1-1 shows the fields and the corresponding bit widths for the BSI feedback for wideband reports.

Table 5.2.3.4.1-1: Fields for BSI feedback for one wideband report.

Field Bit width
Beam index 9
Wide-band BRSRP 7

The BSI bits in Table 5.2.3.4.1-1 form the bit sequence a;,a;,a,,as,...,a5_4 With ag corresponding to the first bit of
the first field in each of the tables, a, corresponding to the second bit of the first field in each of the tables, and a,
corresponding to the last bit in the last field in each of the tables. The first bit corresponds to MSB and the last bit LSB.
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5.2.3.4.2 BRI format for wideband report
Table 5.2.3.4.2-1 shows the fields and the corresponding bit widths for the BRI feedback for wideband report.
Table 5.2.3.4.2-1: Fields for BRI feedback for one wideband report.

Field Bit width

BRRS-RI 3
Wide-band BRRS-RP 7

The BRI bits in Table 5.2.3.4.2-1 form the bit sequence 8g,d1,d5,d3,...,d5 1 with dj corresponding to the first bit of

the first field in each of the tables, d; corresponding to the second bit of the first field in each of the tables, and da
corresponding to the last bit in the last field in each of the tables. The first bit corresponds to MSB and the last bit LSB.

5.2.35 Channel coding for multiple UCls

When the UE has to simultaneously transmit multiple UClIs in a subframe, the UCIs shall be combined into a single
stream of bits ay,a,,a,,4as,...,8, 4 in the order of HARQ-ACK bits, scheduling request bit, RI bit, channel quality

information bits, beam state information bits, and beam refinement information bits, starting from @,. In case

transmission of UCI feedback using xPUCCH format 2 [P5G.211] coincides with a subframe configured to the UE by
higher layers for transmission of scheduling request, the scheduling request bit (1 = positive SR; 0 = negative SR) is
always transmitted on xPUCCH format 2.

For the combined information bits a,,a;,a,,83,...,854, if A < 11, then channel coding defined in section 5.2.3.1
shall be applied. The output bit sequence by,b,b,,...,,b; , where B=8'NSF§B is obtained after the channel coding.
Otherwise, channel coding defined in section 5.2.3.3 shall be applied and the output bit sequence bOab]_)bZ""n bB_1

where B =8- NSFéB is obtained by the alternate concatenation of the bit sequences defined in section 5.2.3.3.

5.2.4 Uplink control information on xPUSCH without UL-SCH data
When control data are sent via XPUSCH without UL-SCH data, the following coding steps can be identified:
—  Channel coding of control information
—  Control information mapping
—  Channel interleaver
5241 Channel coding of control information

Control data arrives at the coding unit in the form of channel quality and beam related information (CQI and/or PMI
and/or BSI and/or BRI) and rank indication. Different coding rates for the control information are achieved by
allocating different number of coded symbols for its transmission. When the UE transmits rank indicator, or channel
quality and beam related information, it shall determine the number of coded symbols Q" for the above information
bits as

xPUSCH XPUSCH xPUSCH
Oo-M sc : I\Isymb : ﬁoﬁset N XPUSCH M XPUSCH
' symb sc

Q' =min
OCQI—MIN

where O is the number of rank indicator bits, or beam related information bits as defined section 5.2.2.6, OCQ,_MIN is

the number of CQI bits including CRC bits assuming rank equals to 1, M575CH is the scheduled bandwidth for
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XPUSCH transmission in the current subframe expressed as a number of subcarriers in [2], where a number of

subcarriers used for PCRS transmission are not counted, and NSF;,%%CH is the number of OFDM symbols per subframe

for xPUSCH in the current sub-frame, where symbol(s) that DMRS is mapped on is not counted .

o PUSCH RI cal R _ _
For rank indication Qg =Q,, - Q" and [ Bosreer = Botiset / :Boﬁcs?et 1, where By shall be determined according to
[3].
For CQI and/or PMI and/or BSI and/or BRI information Qu,, =Ny > -MZ" " .Q —Qy, .

symb

The channel coding and rate matching of the control data is performed according to section 5.2.2.6. The coded output
sequence for channel quality and beam related information is denoted by Gy, 0y, 0,035+ Qg 1. and the coded

vector sequence output for rank indication is denoted by 95' ,gfl ,9? gg' 4

5.2.4.2 Control information mapping

The input are the coded bits of the channel quality and beam related information denoted by q,,0Q,,d,,05,-..., qQOQI_l.
The output is denoted by 9 ,9,,9,,9,,---,8,,, ,, Where H =Qcy and H'=H/Q, and where g, i=0,.,H-1

are column vectors of length Q,,, . H is the total number of coded bits allocated for CQI/PMI/BSI/BRI information.
The control information shall be mapped as follows:
Setj,kto0
while j <Qgq
9, =[q; "'qj+Qm—1]T
J=17+Qp
k=k+1
end while

5.243 Channel interleaver

The vector sequences 909,99, and ggl ,glR' ,ggl ""’ggl’m _, are channel interleaved according section

5.2.2.8. The bits after channel interleaving are denoted by h,,h ,h,,...h, .o .

5.3 Downlink transport channels and control information

5.3.1 Broadcast channel

Figure 5.3.1-1 shows the processing structure for the BCH transport channel. Data arrives to the coding unit in the form
of a maximum of one transport block every transmission time interval (TTI) of 40ms. The following coding steps can
be identified:

— Add CRC to the transport block
—  Channel coding
— Rate matching

The coding steps for BCH transport channel are shown in the figure below.
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Ay, 8y, 8a1 i

CRC attachment

CO’C].‘""CK%I. v

Channel coding

00,d0,...d0

Rate matching

€01 €1, €E 1 i

Figure 5.3.1-1: Transport channel processing for BCH.

53.1.1 Transport block CRC attachment
Error detection is provided on BCH transport blocks through a Cyclic Redundancy Check (CRC).

The entire transport block is used to calculate the CRC parity bits. Denote the bits in a transport block delivered to layer
1byay,a4,a,,as,...,aa_1, and the parity bits by py, p;, P2, P3,---, P - A is the size of the transport block and set to

16 bits 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 [5].

The parity bits are computed and attached to the BCH transport block according to section 5.1.1 setting L to 16 bits.
After the attachment, the CRC bits are scrambled according to the 5G Node transmit antenna configuration with the
Sequence Xantos Xant1s-+-Xant1s as indicated in Table 5.3.1.1-1 to form the sequence of bitsc,, ¢y, C,,C3,...,.C_; Where
Cy =8y fork=0,1,2,...,A-1
Ck = (pka + Xannka)modZ for k = A, A+1, A+2,..., A+15

Table 5.3.1.1-1: CRC mask for xPBCH.

Number of transmit antenna ports for BRS PBCH CRC mask
< Xant,O’ Xant,ll"'lxant,lS >
1 <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0>
2 <1,1,1,1,1,1,1,1,1,1,1,1,1,1,1, 1>
4 <0,1,0,1,0,1,0,1,0,12,0,1,0,1,0, 1>
8 <3,0,1,0,1,0,1,0,1,0,1,0,1,0,1, 0>

5.3.1.2 Channel coding

Information bits are delivered to the channel coding block. They are denoted by ¢,,¢;,C5,Cs,...Cc4 , Where K is the
number of bits, and they are tail biting convolutionally encoded according to section 5.1.3.1.

After encoding the bits are denoted by déi) : dl(i),dg),déi),...,d O withi=0,1,and 2, and where D is the number of bits
on the i-th coded stream, i.e., D=K..
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5.3.1.3 Rate matching

A tail biting convolutionally coded block is delivered to the rate matching block. This block of coded bits is denoted by
d,d,d0,d,...dY,  withi=01and 2, and where i is the coded stream index and D is the number of bits in
each coded stream. This coded block is rate matched according to section 5.1.4.2.

After rate matching, the bits are denoted by e,,e;,e,,€5,... £ , Where E is the number of rate matched bits as defined
in section 6.6.1 of [2].

5.3.1A Extended broadcast channel

Figure 5.3.1A-1 shows the processing structure for the BCH transport channel. Data arrives to the coding unit in the
form of a maximum of one transport block every ePBCH transmission periodicity, which is given in [2]. The following
coding steps can be identified:

— Add CRC to the transport block
—  Channel coding
— Rate matching

The coding steps for BCH transport channel are shown in the figure below.

Ay, 8,81 i

CRC attachment

Co,Cl,...,cK71 v

Channel coding

00,40, 0

Rate matching

€01 €1, €E 1 i

Figure 5.3.1A-1: Transport channel processing for BCH.

5.3.1A.1 Transport block CRC attachment
Error detection is provided on BCH transport blocks through a Cyclic Redundancy Check (CRC).

The entire transport block is used to calculate the CRC parity bits. Denote the bits in a transport block delivered to layer
1byay,a4,a,,as,...,8a_1, and the parity bits by py, p1, P2, P3,---, P - A is the size of the transport block and set to

152 bits 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 [5].

The parity bits are computed and attached to the BCH transport block according to section 5.1.1 setting L to 16 bits.

5.3.1A.2 Channel coding

Information bits are delivered to the channel coding block. They are denoted by c,c;,C;,C3,...Cc_4 (C =8y ) , where K
is the number of bits, and they are tail biting convolutionally encoded according to section 5.1.3.1.
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After encoding the bits are denoted by d{”,d"),d$? d{",...d® withi =04 and 2, and where D is the number of bits
on the i-th coded stream, i.e., D =K.

5.3.1A3 Rate matching

A tail biting convolutionally coded block is delivered to the rate matching block. This block of coded bits is denoted by

déi),dl(i) : déi),d M .d g)_l, withi=0,1,and 2, and where i is the coded stream index and D is the number of bits in
each coded stream. This coded block is rate matched according to section 5.1.4.2.

After rate matching, the bits are denoted by ey, e;,e,,e;,... g, , where E is the number of rate matched bits as defined
in section 6.6.1 of [2].

5.3.2 Downlink shared channel
The processing structure for each transport block for the DL-SCH transport channel,

Figure 5.3.2-1 shows the processing structure for each transport block for the DL-SCH, transport channel. Data arrives
to the coding unit in the form of a maximum of two transport blocks every transmission time interval (TTI) per DL cell.
The following coding steps can be identified for each transport block of a DL cell:

— Add CRC to the transport block
— Code block segmentation

— Channel coding

— Rate matching

—  Code block concatenation

The coding steps for one transport block of DL-SCH are shown in the figure below. The same processing applies for
each transport block on each DL cell.
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Figure 5.3.2-1: Transport block processing for DL-SCH.

5.3.2.1 Transport block CRC attachment
Error detection is provided on transport blocks through a Cyclic Redundancy Check (CRC).

The entire transport block is used to calculate the CRC parity bits. Denote the bits in a transport block delivered to layer
lbyagy,a,a,,a;,....a5_1, and the parity bits by py, p;. P2, P3,....PL_1- A is the size of the transport block 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 section 6.1.1 of [4].

The parity bits are computed and attached to the transport block according to section 5.1.1 setting L to 24 bits and using
the generator polynomial gcreasa(D)-

5.3.2.2 Code block segmentation

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

The bits after code block segmentation are denoted by Cr0+Cr1:Cras Crsa---’cr(Kr—l) , Where r is the code block number
and K; is the number of bits for code block number r.
5.3.2.3 Channel coding

Code blocks are delivered to the channel coding block. They are denoted by Cr01Cr1,Cr2:Crgs-+ Cr(k -1) , where r is

the code block number, and K, is the number of bits in code block number r. The total number of code blocks is denoted
by C and each code block is individually LDPC encoded according to section 5.1.3.2.

KT 5G-SIG



kt 38 TS 5G.212 v2.3 (2016-9)

After encoding the bits are denoted by drg, dr, dr, ..., drpray With Dy = Nigyc is the number of bits on the i-th coded
stream for code block number r.

5.3.24 Rate matching

LDPC coded blocks are delivered to the rate matching block. They are denoted by dyo, dr1, drz, ... , drr-1) Where r is the
code block number, i is the coded stream index, and D, = N4y is the number of bits in each coded stream of code block
number r. The total number of code blocks is denoted by C and each coded block is individually rate matched according
to section 5.1.4.1.

After rate matching, the bits are denoted by erO!erllerZler3l"'ler(Er—1), where r is the coded block number, and where E,
is the number of rate matched bits for code block number r.
5.3.25 Code block concatenation

The bits input to the code block concatenation block are denoted by €r0:€r1:€r2:€3,-+-€¢(g,-1) for r=0,...C -1 and
where E, is the number of rate matched bits for the r-th code block.

Code block concatenation is performed according to section 5.1.5.

The bits after code block concatenation are denoted by fy, f;, f,, f5,...,fg_;, where G is the total number of coded bits

for transmission. This sequence of coded bits corresponding to one transport block after code block concatenation is
referred to as one codeword in section 6.3.1 of [2]. In case of multiple transport blocks per TTI, the transport block to
codeword mapping is specified according to section 5.3.3.1.5, 5.3.3.1.5A or 5.3.3.1.5B, depending on the DCI Format.

5.3.3 Downlink control information
Figure 5.3.3-1 shows the processing structure for one DCI. The following coding steps can be identified:
— Information element multiplexing
— CRC attachment
— Channel coding
— Rate matching

The coding steps for DCI are shown in the figure below.

g, 8y, 8p 1 l

CRC attachment

Co,cl,...,CK71 v

Channel coding

00,40,.,dQ, |

Rate matching

€0:€,--, g1 l

Figure 5.3.3-1: Processing for one DCI.
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5.3.3.1 DCI formats
The fields defined in the DCI formats below are mapped to the information bits a, to a,.; as follows.

Each field is mapped in the order in which it appears in the description, including the zero-padding bit(s), if any, with
the first field mapped to the lowest order information bit a, and each successive field mapped to higher order
information bits. The most significant bit of each field is mapped to the lowest order information bit for that field, e.g.
the most significant bit of the first field is mapped to a,.

Note: All DCI formats shall have the same payload size of 60 bits.

5.3.3.1.1 Format Al

DCI format Al is used for the scheduling of xPUSCH.
The following information is transmitted by means of the DCI format Al at the subframe index n:

- DCI format discriminator — 2 bits, where 00 indicates format Al
- XPUSCH range — 2bits, as defined in Section 9.2 of [3]

- Transmission timing of xPUSCH — 3 bits, where this field indicates transmission time offset value 1€{0, 1, ...

7}

W If this DCI format assigns more than zero RB or requests SRS, then the corresponding XPUSCH is
scheduled in subframe index n+4+1+m

B Otherwise, this field shall be set to all zeros

where the value of m is indicated by the “transmission timing of CSI-RS / BRRS” field.

- RB assignment — 9 bits

B If the indicated value is smaller than or equal to 324, then this field assigns more than zero RB as
described in Section 9.2 of [3]

B Else if the indicated value is equal to 325, then this format does not assign any of RB

B Else if the indicated value is equal to 326, then this format does not assign any of RB and used for
random access procedure initiated by a xPDCCH order

W Otherwise, then this format is assumed to be misconfigured and UE shall discard the corresponding
xPDCCH.

If this DCI format assigns more than zero RB,
- HARQ process number — 4 bits
- MCS -4 bits
- NDI -1 bit
Else if this DCI format is used for random access procedure initiated by a xPDCCH order,
- Frequency band index — 3 bits, as defined in 5.7 of [2]
- OCC indicator — 1 bit, as defined in 5.7 of [2]
- Cyclic shift indicator — 2 bits, as defined in 5.7 of [2]

- Reserved — 3 bits, which shall be set to all zeros
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Otherwise,

- Reserved — 9 bits, which shall be set to all zeros.

- CsSI/BSI/ BRI request — 3 bits
B [fthe indicated value is 000, then none of CSI/BSI/BRI is requested
B Else if the indicated value is 001, then this DCI format triggers BSI reporting

B Else if the indicated value is 010, then this DCI format allocates BRRS and also triggers corresponding
BRI reporting

W Else if the indicated value is 011, then this DCI format allocates BRRS but does not trigger BRI
reporting

W Else if the indicated value is 100, then this DCI format allocates CSI-RS and also triggers corresponding
CSlI reporting

B The values 101, 110 and 111 are reserved.

- Transmission timing of CSI-RS / BRRS — 2 bits, where this field indicates transmission time offset value me
{0,1,2,3}

B [f this DCI format allocates either of CSI-RS or BRRS, then the corresponding transmission is allocated
in subframe n + m

B Otherwise, it shall be set to all zeros.
- Indication of OFDM symbol index for CSI-RS / BRRS allocations — 2 bits

B [f this DCI format allocates CSI-RS, then this field indicates OFDM symbols used for CSI-RS
transmission

v 00:{13th}, 01: {14th}, 10:{13&14th}, 11 : Reserved

B Else if this DCI format allocates BRRS and higher-layer gives either of 1 or 2 symbol BRRS
configuration, then this field indicates OFDM symbols used for BRRS transmission

v/ 00:{13th}, 01:{14th}, 10:{13&14th}, 11 : Reserved

B Else if this DCI format allocates BRRS and higher-layer gives either of 5 or 10 symbol BRRS
configuration, then this field indicates OFDM symbols used for BRRS transmission

v' 00 : {5 symbolsinslot 0}, 01:{5symbolsinslot1}, 10:{10 symbols}, 11 : Reserved

B Otherwise, it shall be set to all zeros.

If this DCI format allocates either of CSI-RS or BRRS transmission,
- Process indicator — 2 bits
v" 00 : {Process #0}, 01 : {Process #1}, 10 : {Process #2}, 11 : {Process #3}
Else if this DCI format triggers BSI request,
- Number of BSI reports — 2 bits

v'00:{1BSlIreport}, 01:{2 BSI reports}, 10 : {4 BSI reports}, 11 : Reserved.

Otherwise,

- Reserved — 2 bits, which shall be set to all zeros.
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- "UCI on xPUSCH w/o xUL-SCH data" indicator — 1 bit,
W [fno UCI report is triggered, then this field is invalid and shall be set to zero

B Otherwise, the indicated value of 0 allows multiplexing of xXUL-SCH data and UCI and the indicated
value of 1 allows only UCI transmission on xPUSCH.

- Beam switch indication — 1 bit, as described in Section 5.1.1 and Section 5.2.1 of [3].
- SRS request — 3 bits,
B MSB 2 bits are used for the indication of SRS configurations
v' 00:{No SRS request}, 01 : {Config. #0}, 10 : {Config. #1}, 11 : {Config. #2}
B LSB1hit
v' If SRS is not requested, this field is invalid and shall be set to zero

v' If SRS is requested, 0 indicates SRS transmission on the 13" OFDM symbol and 1 indicates SRS
transmission on the 14" OFDM symbol in subframe n + 4 + | + m+1.

- DMRS, RI, and SCID indication — 4 bits, as specified in Table 5.3.3.1.1-1
- Precoding matrix indicator — 3 bits, as specified in Table 5.3.3A.2-1 of [2]
- TPC command for xPUSCH — 2 bits, as defined in Section 6.1.1.1 of [3]
- UL PCRS - 2 bits
B 00: {No PCRS}, 01: {PCRS on AP 50}, 10: {PCRS on AP 51}, 11: {PCRS on AP 50 and 51}

Note: If no PCRS is transmitted, both PCRS Res are used for xPUSCH. If PCRS is transmitted, both PCRS
Res are not used for xPUSCH.

If the number of information bits in format A1l is less than 60 bits, zeros shall be appended to format Al until the
payload size equals to 60 bits.

Table 5.3.3.1.1-1: Antenna port(s), scrambling identity, and number of layers indication by UL DCI

formats
Value Message
0 1 Layer, port 40, ngcip =0
1 1 Layer, port 40, ngcp = 1
2 1 Layer, port 41, nscp =0
3 1 Layer, port 41, ngcp = 1
4 1 Layer, port 42, nscp =0
5 1 Layer, port 42, ngcp = 1
6 1 Layer, port 43, ngcip =0
7 1 Layer, port 43, ngcp = 1
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8 2 Layers, ports {40, 41}, nscp =0

9 2 Layers, ports {40, 41}, nscp =1

10 2 Layers, ports {42, 43}, nscp =0

11 2 Layers, ports {42, 43}, ngcp = 1
12-15 Reserved

5.33.1.2 Format A2
DCI format A2 is used for the scheduling of xPUSCH
All of the information fields in the DCI format Al are also used for DCI format A2 except the following field

- DCI format discriminator — 2 bits, where 01 indicates format A2

If the number of information bits in format A2 is less than 60 bits, zeros shall be appended to format A2 until the
payload size equals to 60 bits.

5.3.3.1.3 Format B1

DCI format B1 is used for the scheduling of xPDSCH.
The following information is transmitted by means of the DCI format B1 at the subframe index n:

- DCI format discriminator — 2 bits, where 10 indicates format B1
- XPDSCH range — 2bits, as defined in Section 8.1.4 of [3]
- RB assignment — 9 bits

B [fthe indicated value is smaller than or equal to 324, then this field assigns more than zero RB as
described in Section 8.1.4 of [3]

B Else if the indicated value is equal to 325, then this format does not assign any of RB

B Else if the indicated value is equal to 326, then this format does not assign any of RB and used for
random access procedure initiated by a xPDCCH order

B Otherwise, then this format is assumed to be misconfigured and UE shall discard the corresponding
XPDCCH.

If this DCI format assigns more than zero RB,

- HARQ process number — 4 bits

- MCS -4 bits

- NDI -1 bit

- Redundancy version — 2 bits

- Bit-mapping index for HARQ-ACK multiplexing (BMI) — 3bits, as described in Section 8.5 of [3]
Else if this DCI format is used for random access procedure initiated by a xPDCCH order,

- Frequency band index — 3 bits
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- OCC indicator — 1 bit

- Cyclic shift indicator — 2 bits

- Reserved — 8 bits, which shall be set to all zeros

Otherwise,

- Reserved — 14 bits, which shall be set to all zeros.

- CSI/BSI /BRI request — 3 bits

If the indicated value is 000, then none of CSI/BSI/BRI is requested
Else if the indicated value is 001, then this DCI format triggers BSI reporting

Else if the indicated value is 010, then this DCI format allocates BRRS and also triggers corresponding
BRI reporting

Else if the indicated value is 011, then this DCI format allocates BRRS but does not trigger BRI
reporting

Else if the indicated value is 100, then this DCI format allocates CSI-RS and also triggers corresponding
CSI reporting

The indicated values, 101, 110, and 111 are reserved.

- Transmission timing of CSI-RS / BRRS — 2 bits, where this field indicates transmission time offset value me
{0,1,2,3}

If this DCI format allocates either of CSI-RS or BRRS, then the corresponding transmission is allocated
in subframe n + m

Otherwise, it shall be set to all zeros

- Indication of OFDM symbol index for CSI-RS / BRRS allocations — 2 bits

If this DCI format allocates CSI-RS, then this field indicates OFDM symbols used for CSI-RS
transmission

v 00:{13th}, 01: {14th}, 10:{13&14th}, 11 : Reserved

Else if this DCI format allocates BRRS and higher-layer gives either of 1 or 2 symbol BRRS
configuration, then this field indicates OFDM symbols used for BRRS transmission

v'00:{13th}, 01:{14th}, 10:{13&14th}, 11 : Reserved

Else if this DCI format allocates BRRS and higher-layer gives either of 5 or 10 symbol BRRS
configuration, then this field indicates OFDM symbols used for BRRS transmission

v" 00 : {5 symbolsinslot 0}, 01:{5symbolsinslot1}, 10:{10 symbols}, 11 : Reserved

Otherwise, it shall be set to all zeros.

If this DCI format allocates either of CSI-RS or BRRS transmission,

- Process indicator — 2 bits

v

Otherwise,

00 : {Process #0}, 01 : {Process #1}, 10 : {Process #2}, 11 : {Process #3}

- Reserved — 2 bits, which shall be set to all zeros.
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- Transmission timing of xPUCCH for UCI report — 3 bits, where this field indicates transmission time offset
valueke{0,1,2, ..., 7}

B xPUCCH transmission is allocated in subframe index n + 4 + k + m

- Frequency resource index of xPUCCH for UCI report — 4 bits

- Beam switch indication — 1 bit, as described in Section 5.1.1 and Section 5.2.1 of [3].
- SRS request — 3 bits,
B MSB 2 bits are used for the indication of SRS configurations
v" 00 : {No SRS request}, 01:{Config. #0}, 10 : {Config. #1}, 11 : {Config. #2}
B LSB1hit
v'If SRS is not requested, this field is invalid and shall be set to zero

V' If SRS is requested, 0 indicates SRS transmission on the 13" OFDM symbol and 1 indicates SRS
transmission on the 14" OFDM symbol in subframe n + 4 + m + k + 1.

- Antenna port(s) and number of layers indication—4 bits, as specified in Table 5.3.3.1.3-1.
- Scrambling identity — 1bit
v' If the indicated value is 0, then ngc;p = 0
v" If the indicated value is 1, then nggp = 1
- TPC command for xPUCCH - 2 bits, as defined in Section 6.1.2 of [3].
- DL PCRS - 2 bits
v 00:{NoPCRS}, 01:{PCRSon AP 60}, 10:{PCRSon AP 61}, 11:{PCRS on AP 60 and 61}

If the number of information bits in format B1 is less than 60 bits, zeros shall be appended to format B1 until the
payload size equals to 60 bits.

Table 5.3.3.1.3-1: Antenna port(s), and number of layers indication by DL DCI formats

Value Message
1 Layer, port 8 (Ch. estimation w/o OCC)
1 Layer, port 9 (Ch. estimation w/o OCC)
1 Layer, port 10 (Ch. estimation w/o OCC)
1 Layer, port 11 (Ch. estimation w/o OCC)
2 Layers, ports {8, 9} (Ch. estimation w/o OCC)
2 Layers, ports {10, 11} (Ch. estimation w/o OCC)
2 Layers, ports {8, 12} (OCC=2)
2 Layers, ports {9, 13} (OCC=2)
2 Layers, ports {10, 14} (OCC=2)
2 Layers, ports {11, 15} (OCC=2)
Reserved

-
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5.33.14 Format B2

DCI format B2 is used for the scheduling of xPDSCH.

All of the information fields in the DCI format B1 are also used for DCI format B2 except the following field
- DCI format discriminator — 2 bits, where 11 indicates format B2

If the number of information bits in format B2 is less than 60 bits, zeros shall be appended to format B2 until the
payload size equals to 60 bits.

5.3.3.2 CRC attachment
Error detection is provided on DCI transmissions through a Cyclic Redundancy Check (CRC).

The entire payload is used to calculate the CRC parity bits. Denote the bits of the payload by a,, a,,a,,as,...,a,_, and
the parity bits by pgy, p1, P2, P3,--.,PL_1- Ais the payload size and L is the number of parity bits.

The parity bits are computed and attached according to section 5.1.1 setting L to 16 bits, resulting in
bg.by, by, bs,... g4, where B = A+ L.

After attachment, the CRC parity bits are scrambled with the corresponding RNTI Xinti0s Xntig»-+- Xrntizs , where X, .o

corresponds to the MSB of the RNTI, to form the sequence of bits Cg, C;,Cy,C3,...,Cg_1. The relation between ¢, and by
is:

C, =Dy fork=0,1,2, ..., A-l

C = (bk + Xmﬁ‘k_A)modZ fork = A, A+1, A+2,..., A+15.

5.3.3.3 Channel coding

Information bits are delivered to the channel coding block. They are denoted by c,,¢;,C5,Cs,...Cx_1 , Where K is the
number of bits, and they are tail biting convolutionally encoded according to section 5.1.3.1.

After encoding the bits are denoted by dél) , dl(l) ) d§') ) dél) oo (')_1 , with i=0and 2, and where D is the number of
bits on the i-th coded stream, i.e., D=K.

5.3.34 Rate matching

A tail biting convolutionally coded block is delivered to the rate matching block. This block of coded bits is denoted by

dél) , dl(l) ' dél) ' dél) oo (I),l , with i=01,and 2, and where i is the coded stream index and D is the number of bits in
each coded stream. This coded block is rate matched according to section 5.1.4.2.

After rate matching, the bits are denoted by €j,€;,€,,€;,...€¢_1, Where E is the number of rate matched bits.
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