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Foreword

This Technical Specification has been produced by the 3 Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where;
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

Y the second digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document specifies the coding, multiplexing and mapping to physical channels for E-UTRA.

2 References

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

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

- For aspecific reference, subsequent revisions do not apply.

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

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

2] 3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and
modulation"”.

[3] 3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures’.

[4] 3GPP TS 36.306: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
radio access capabilities’.

[5] 3GPP TS36.321, "Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access
Control (MAC) protocol specification”

[6] 3GPP TS36.331, "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC) protocol specification”

[7] 3GPP TS23.285, "Technical Specification Group Services and System Aspects; Architecture
enhancements for V2X services'

[8] 3GPP TS 37.213: "Physical layer procedures for shared spectrum channel access'.

3 Definitions, symbols and abbreviations

3.1 Definitions

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

BL/CE: A Bandwidth-reduced Low-complexity or Coverage Enhanced (BL/CE) UE is capable of coverage
enhancement mode A support and intends to access a cell in a coverage enhancement mode or is configured in a
coverage enhancement mode.

Non-BL/CE: A non-BL/CE UE isa UE that does not fulfil the conditions in the above definition of a BL/CE UE.

3.2 Symbols

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

ETSI
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DL
N RB

UL
N RB

SL
N RB

SL
Nsubchannel
N2B

PUSCH
Nsymb

PUSCH -initial
N symb

uL
Nsymb

SL
Nwmb

NS?S

Downlink bandwidth configuration, expressed in number of resource blocks [2]
Uplink bandwidth configuration, expressed in humber of resource blocks[2]
Sidelink bandwidth configuration, expressed in number of resource blocks[2]
Number of sidelink subchannels configured on the resource pool of a subcarrier [2]
Resource block size in the frequency domain, expressed as a number of subcarriers
Number of SC-FDMA symbols carrying PUSCH in a subframe

Number of SC-FDMA symbols carrying PUSCH in theinitial PUSCH transmission subframe
Number of SC-FDMA symbolsin an uplink slot

Number of SC-FDMA symbolsin asidelink slot
Number of SC-FDMA symbols used for SRS transmission in a subframe (0 or 1).

3.3 Abbreviations

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

AUL
AUL-DFI
AUL-UCI
BCH

CH

CoT

CP

Csl

DCI
DL-SCH
EN-DC
EPDCCH
FDD

HI

LAA
MCH
MPDCCH
MUST
NPBCH
NPDCCH
NPDSCH
NPRACH
NPUSCH
PBCH
PCFICH
PCH
PDCCH
PDSCH
PHICH
PMCH
PMI
PRACH
PSBCH
PSCCH
PSDCH
PSSCH
PUCCH
PUSCH
RACH

RI

Autonomous Uplink

AUL downlink feedback information

AUL uplink control information

Broadcast channel

Control Format Indicator

Channel Occupancy Time

Cyclic Prefix

Channel State Information

Downlink Control Information

Downlink Shared channel

E-UTRA NR Dua Connectivity with MCG using E-UTRA and SCG using NR
Enhanced Physical Downlink Control channel
Frequency Division Duplexing

HARQ indicator

Licensed-Assisted Access

Multicast channel

MTC Physical Downlink Control Channel
Multiuser Superposition Transmission
Narrowband Physical Broadcast channel
Narrowband Physical Downlink Control channel
Narrowband Physical Downlink Shared channel
Narrowband Physical Random Access channel
Narrowband Physical Uplink Shared channel
Physical Broadcast channel

Physical Control Format Indicator channel
Paging channel

Physical Downlink Control channel

Physical Downlink Shared channel

Physical HARQ indicator channel

Physical Multicast channel

Precoding Matrix Indicator

Physical Random Access channel

Physical Sidelink Broadcast Channel

Physical Sidelink Control Channel

Physical Sidelink Discovery Channel

Physical Sidelink Shared Channel

Physical Uplink Control channel

Physical Uplink Shared channel

Random Access channel

Rank Indication

ETSI
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SCI
SL-BCH
SL-DCH
SL-SCH
SPDCCH
SPUCCH
SR

SRS
TDD
TPMI
ucl
UL-SCH

Sidelink Control Information
Sidelink Broadcast Channel
Sidelink Discovery Channel
Sidelink Shared Channel

9 ETSI TS 136 212 V15.2.1 (2018-07)

Short Physical Downlink Control channel
Short Physical Uplink Control channel

Scheduling Request
Sounding Reference Signal
Time Division Duplexing

Transmitted Precoding Matrix Indicator

Uplink Control Information
Uplink Shared channel

4

4.1

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

4.2

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.

Mapping to physical channels

The mapping to physical channels for Narrowband 10T is provided in subclause 6.1.

Uplink

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

Table 4.1-2

Control information

Physical Channel

UcCl

PUCCH, PUSCH, SPUCCH

Downlink

Table 4.2-1
TrCH Physical Channel
DL-SCH PDSCH
BCH PBCH
PCH PDSCH
MCH PMCH
Table 4.2-2
Control information Physical Channel
CFI PCFICH
HI PHICH
DCI PDCCH, EPDCCH, MPDCCH,
SPDCCH
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4.3 Sidelink

Table 4.3-1 specifies the mapping of the sidelink transport channels to their corresponding physical channels. Table 4.3-
2 specifies the mapping of the sidelink control information to its corresponding physical channel.

Table 4.3-1
TrCH Physical Channel
SL-SCH PSSCH
SL-BCH PSBCH
SL-DCH PSDCH
Table 4.3-2
Control information Physical Channel
SClI PSCCH
5 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.

5.1 Generic procedures

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

51.1 CRC calculation

Denote the input bits to the CRC computation by a,, 8,, a,, as,..., 851, and the parity bitsby pg, P, P2, Py P - A

isthe 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:

- Ocrca(D) =[D#*+ D@+ D®¥ + DY +D¥+ DM+ DY+ D’ + D6+ D>+ D*+ D3+ D + 1] and;
- Ocrcas(D) =[D* + D2 + D® + D°+ D + 1] for aCRC length L = 24 and;
- gereis(D) = [D + D¥2 + D%+ 1] for aCRC length L = 16.
- Ocres(D) =[D8+ D7+ D*+ D3+ D + 1] for aCRC length of L = 8.
The encoding is performed in a systematic form, which means that in GF(2), the polynomial:
a,D* B +a, D™+ +a, ;D*+ poDZ®+p,D? +...4+ pyDY+ pys

yields aremainder equal to O when divided by the corresponding length-24 CRC generator polynomial, gcrca4a(D) or
Ocrc24s(D), the polynomial:

a,DA™ +a, DA 4+ +a, D+ poD® +p,D™ +..+ py D+ pig
yields aremainder equal to O when divided by gcrei6(D), and the polynomial:
agD” " + 2D + . +a, D%+ poD’ + pD® +...+ pgDt+ p;

yields aremainder equal to O when divided by gcres(D).
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The bits after CRC attachment are denoted by by, by, b, ,bs,...,bg_;, where B = A+ L. The relation between ax and b is:
bk:ak fOI’k:O,l,Z,...,A-l

b, = pr_a fork=A A+l A+2, ..., A+L-1.

5.1.2 Code block segmentation and code block CRC attachment

The input bit sequence to the code block segmentation is denoted by by, b, b, ,bs,...,bg_;, where B > 0. If Bislarger

than the maximum code block size Z, segmentation of the input bit sequence is performed and an additional CRC
sequence of L = 24 bitsis attached to each code block. The maximum code block sizeis:

- Z=6144.
If the number of filler bits F calculated below is not O, filler bits are added to the beginning of the first block.
Notethat if B < 40, filler bits are added to the beginning of the code block.
Thefiller bits shall be set to <NULL> at the input to the encoder.
Total number of code blocks C is determined by:
if BSZ
L=0
Number of code blocks: C =1
B'=B
else
L=24
Number of code blocks: C=[B/(Z-L)].
B'=B+C-L
end if

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

Number of bitsin each code block (applicable for C # 0 only):

First ssgmentation size: K, = minimum K in table 5.1.3-3 such that C-K > B’

if C=1
the number of code blocks with length K, is C, =1, K_=0, C_=0

eseif C>1
Second segmentation size: K_ = maximum K in table 5.1.3-3 such that K < K,
Ay =K, —-K_

C-K,-B
Number of segmentsof sizeK_: C_ =L;J .

Ay
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Number of segments of sizeK,: C, =C-C_.

end if
Number of filler bits;: F=C, -K, +C_-K_-B’
fork=0toF-1 --Insertion of filler bits

Cox =< NULL >
end for
k=F
s=0
forr=0toC-1

if r<C_

end if

while k<K, -L
C =bg
k=k+1
s=s+1

end while

if C>1

The sequence c,,¢;1,C,Cr3,:Cr(, L) 1S Used to calculate the CRC parity bits p,q, pry, Proseess Prg)

according to subclause 5.1.1 with the generator polynomia gcrezas(D). For CRC calculationitis
assumed that filler bits, if present, have the value 0.

whilek < K,
Cric = PrrL—k,)
k=k+1
end while
end if
k=0

end for

5.1.3 Channel coding

The bit sequence input for a given code block to channel coding is denoted by ¢y, c;,C,,C3,...,Ck_1, Where K isthe

number of bits to encode. After encoding the bits are denoted by d((,i) , dl(i) ,d S) : déi) e d g)_l , Where D is the number of
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encoded bits per output stream and i indexes the encoder output stream. The relation between ¢, and dlf) and between
K and D is dependent on the channel coding scheme.

The following channel coding schemes can be applied to TrCHs:
- tail biting convolutional coding;
- turbo 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 typesis 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;
- turbo coding withrate 1/3: D = K + 4.

Therange for the output stream index i is0, 1 and 2 for both coding schemes.

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

TrCH Coding scheme | Coding rate
UL-SCH
DL-SCH

PCH .

MCH Turbo coding 1/3
SL-SCH
SL-DCH

BCH Tail biting

convolutional 1/3

SL-BCH coding

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

Control Information Coding scheme | Coding rate
Tail biting
DCI convolutional 1/3
coding
CFI Block code 1/16
Hi Repetition code 1/3
Block code variable
Tail biting
uci convolutional 1/3
coding
SCI Tail biting
convolutional 1/3
coding
5.1.3.1 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.

Theinitial 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 s;, S, S5,..., S5, then theinitial value of the shift register shall be set to

Si = C(k-1-i)
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Ck
» D » D » D » D » D » D

/L /L /L /L d{?G, = 133 (octal)

>+ >4 >+ >+ >

(Y Y (Y
d G, =

%3 .3 b Lo 981 =171 (octal

> >0 > > >
) 4 v ) 4 v dlﬁz) G, = 165 (octal)

, 5D 5D N g

D D D D >

Figure 5.1.3-1: Rate 1/3 tail biting convolutional encoder

The encoder output streams d|£°) \ d,El) and dlﬁz) correspond to the first, second and third parity streams, respectively as
shown in Figure 5.1.3-1.

5.1.3.2 Turbo coding

5.1.3.2.1 Turbo encoder

The scheme of turbo encoder is a Parallel Concatenated Convolutional Code (PCCC) with two 8-state constituent
encoders and one turbo code internal interleaver. The coding rate of turbo encoder is 1/3. The structure of turbo encoder
isillustrated in figure 5.1.3-2.

The transfer function of the 8-state constituent code for the PCCC is:

G(D){LM |
go(D)

where
go(D) = 1+ D?+ D?,
gi(D)=1+D + D%

Theinitial value of the shift registers of the 8-state constituent encoders shall be all zeros when starting to encode the
input bits.

The output from the turbo encoder is

dIEO) =Xk
dlgl) =7z
42 -

for k=012,...,K-1.

If the code block to be encoded is the O-th code block and the number of filler bitsis greater than zero, i.e., F > 0, then
the encoder shall set ¢, =0, k=0,...,(F-1) at itsinput and shall set d{? =< NULL >, k=0, ...,(F-1) and

d =< NULL >, k=0,...,(F-1) at its output.

The bits input to the turbo encoder are denoted by ¢, ¢;, C,, C3,..., Cc_; , and the bits output from the first and second 8-
state constituent encoders are denoted by z,, z,, Z,, Z3,..., Zx_;ad 23, 21, 25, Z3,..., Zk _; , Fespectively. The bits output

from the turbo code internal interleaver are denoted by ¢}, c],...,Cx _; , and these bits are to be the input to the second 8-
state constituent encoder.
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Xy

1st constituent encoder 2

k

> P »H—>

A
Cy
}S an » D » D » D
D

Output

Input
Turbo code internal .
interleaver 2nd constituent encoder Z

Output
> >\’—‘|: —>
Ck
- » D » D » D
&
(D

v

Figure 5.1.3-2: Structure of rate 1/3 turbo encoder (dotted lines apply for trellis termination only)

5.1.3.2.2 Trellis termination for turbo encoder

Trellistermination is performed by taking the tail bits from the shift register feedback after all information bits are
encoded. Tail bits are padded after the encoding of information bits.

Thefirst three tail bits shall be used to terminate the first constituent encoder (upper switch of figure 5.1.3-2 in lower
position) while the second constituent encoder is disabled. The last three tail bits shall be used to terminate the second
constituent encoder (lower switch of figure 5.1.3-2 in lower position) while the first constituent encoder is disabled.

The transmitted bits for trellis termination shall then be:
0 0 0 ’ 0 ’
d|(<) =Xk, d|(<ll =Zk4, d}(dz =Xk dl(<433 =Zk41

1) I 1) ’ 1) ’
A =2¢, A0 =Xk, A5 = 7, dhs = Xz

2) _ (2 _ 2 _ 2 ’
4 =Xars Al = Zkazs i, = Xirs A5 = 2k

5.1.3.2.3 Turbo code internal interleaver

The bits input to the turbo code internal interleaver are denoted by ¢, C; ..., Cx_; , Where K is the number of input bits.
The bits output from the turbo code internal interleaver are denoted by cy, ¢ ..., Ck _; -

The relationship between the input and output bitsis as follows:
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c = Cri(i), i=0, 1..., (K-1)
where the relationship between the output index i and the input index IT(i) satisfiesthe following quadratic form:
(i) = (f, i+ f,-i%)mod K
The parameters f; and f, depend on the block size K and are summarized in Table 5.1.3-3.

Table 5.1.3-3: Turbo code internal interleaver parameters

K| fo | fo| i | Kk | fo | fp] i K | f, | | i K | f1 | fp
40 | 3 |10 [ 48] 416 | 25 | 52 | 95 | 1120 | 67 | 140 | 142 | 3200 | 111 | 240
48 | 7 | 12 [ 49| 424 | 51 | 106 | 96 | 1152 | 35 | 72 | 143 | 3264 | 443 | 204
56 | 19 | 42 |50 | 432 | 47 | 72 | 97 | 1184 | 19 | 74 | 144 | 3328 | 51 | 104
64 | 7 | 16 |51 | 440 | 91 | 110 | 98 | 1216 | 39 | 76 | 145 | 3392 | 51 | 212
72 | 7 | 18 [ 52| 448 | 29 | 168 | 99 | 1248 | 19 | 78 | 146 | 3456 | 451 | 192
80 | 11 | 20 [ 53| 456 | 29 | 114 | 100 | 1280 | 199 | 240 | 147 | 3520 | 257 | 220
88 | 5 | 22 | 54| 464 | 247 | 58 | 101 | 1312 | 21 | 82 | 148 | 3584 | 57 | 336
96 | 11 | 24 [ 55| 472 | 29 | 118 | 102 | 1344 | 211 | 252 | 149 | 3648 | 313 | 228
104 | 7 | 26 [ 56| 480 | 89 | 180 | 103 | 1376 | 21 | 86 | 450 | 3712 | 271 | 232
10 | 112 | 41 | 84 |57 | 488 | 91 | 122 | 104 | 1408 | 43 | 88 | 151 | 3776 | 179 | 236
11 [ 120 [ 103 | 90 [ 58 | 496 | 157 | 62 | 105 | 1440 | 149 | 60 | 152 | 3840 | 331 | 120
12 [ 128 | 15 | 32 |59 | 504 | 55 | 84 | 106 | 1472 | 45 | 92 | 153 | 3904 | 363 | 244
13136 | 9 | 34 |60 | 512 | 31 | 64 | 107 | 1504 | 49 | 846 | 154 | 3968 | 375 | 248
14 | 144 | 17 | 108 | 61 | 528 | 17 | 66 | 108 | 1536 | 71 | 48 | 155 | 4032 | 127 | 168
15 (152 | 9 | 38 | 62| 544 | 35 | 68 | 109 | 1568 | 13 | 28 | 156 | 4096 | 31 | 64
16 | 160 | 21 | 120 [ 63 | 560 | 227 | 420 | 110 | 1600 | 17 | 80 | 157 | 4160 | 33 | 130
17 [ 168 [ 101 | 84 |64 | 576 | 65 | 96 | 111 | 1632 | 25 | 102 | 158 | 4224 | 43 | 264
18 | 176 | 21 | 44 | 65| 592 | 19 | 74 | 112 | 1664 | 183 | 104 | 159 | 4288 | 33 | 134
19 [184 | 57 | 46 |66 | 608 | 37 | 76 | 113 | 1696 | 55 | 954 | 160 | 4352 | 477 | 408
20 192 | 23 | 48 | 67 | 624 | 41 | 234 | 114 | 1728 | 127 | 96 | 161 | 4416 | 35 | 138
21 [ 200 | 13 | 50 | 68 | 640 | 39 | 80 | 115 | 1760 | 27 | 110 | 162 | 4480 | 233 | 280
22 | 208 | 27 | 52 | 69 | 656 | 185 | 82 | 116 | 1792 | 29 | 112 | 163 | 4544 | 357 | 142
23 | 216 | 11 | 36 | 70 | 672 | 43 | 252 | 117 | 1824 | 29 | 114 | 164 | 4608 | 337 | 480
24 | 224 | 27 | 56 | 71| 688 | 21 | 86 | 118 | 1856 | 57 | 116 | 165 | 4672 | 37 | 146
25 | 232 | 85 | 58 | 72 | 704 | 155 | 44 | 119 | 1888 | 45 | 354 | 166 | 4736 | 71 | 444
26 | 240 | 29 | 60 | 73| 720 | 79 | 120 | 120 | 1920 | 31 | 120 | 167 | 4800 | 71 | 120
27 | 248 | 33 | 62 | 74| 736 | 139 | 92 | 121 | 1952 | 59 | 610 | 168 | 4864 | 37 | 152
28 | 256 | 15 | 32 | 75| 752 | 23 | 94 | 122 | 1984 | 185 | 124 | 169 | 4928 | 39 | 462
29 | 264 | 17 | 198 | 76 | 768 | 217 | 48 | 123 | 2016 | 113 | 420 | 170 | 4992 | 127 | 234
30 [ 272 33 | 68 | 77 | 784 | 25 | 98 | 124 | 2048 | 31 | 64 | 171 | 5056 | 39 | 158
31280 | 103 [ 210 [ 78 | 800 | 17 | 80 | 125 | 2112 | 17 | 66 | 172 | 5120 | 39 | 80
32| 288 | 19 | 36 | 79 | 816 | 127 | 102 | 126 | 2176 | 171 | 136 | 173 | 5184 | 31 | 96
33296 | 19 | 74 | 80 | 832 | 25 | 52 | 127 | 2240 | 209 | 420 | 174 | 5248 | 113 | 902
34 304 | 37 | 76 | 81| 848 | 239 | 106 | 128 | 2304 | 253 | 216 | 175 | 5312 | 41 | 166
35 312 | 19 | 78 |82 | 864 | 17 | 48 | 129 | 2368 | 367 | 444 | 176 | 5376 | 251 | 336
36 | 320 | 21 | 120 | 83 | 880 | 137 | 110 | 130 | 2432 | 265 | 456 | 177 | 5440 | 43 | 170
37 | 328 | 21 | 82 | 84| 896 | 215 | 112 | 131 | 2496 | 181 | 468 | 178 | 5504 | 21 | 86
38 [ 336 | 115 | 84 | 85| 912 | 29 | 114 | 132 [ 2560 | 39 | 80 | 179 | 5568 | 43 | 174
39 [ 344 [ 193 | 86 |86 | 928 | 15 | 58 | 133 | 2624 | 27 | 164 | 180 | 5632 | 45 | 176
40 [ 352 | 21 | 44 |87 | 944 | 147 | 118 | 134 | 2688 | 127 | 504 | 181 | 5696 | 45 | 178
41 360 | 133 | 90 [ 88 | 960 | 29 | 60 | 135 | 2752 | 143 | 172 | 182 | 5760 | 161 | 120
42 368 | 81 | 46 | 89| 976 | 59 | 122 | 136 | 2816 | 43 | 88 | 183 | 5824 | 89 | 182
43376 | 45 | 94 |90 | 992 | 65 | 124 | 137 | 2880 | 29 | 300 | 184 | 5888 | 323 | 184
44 384 | 23 | 48 | 91 | 1008 | 55 | 84 | 138 | 2944 | 45 | 92 | 185 | 5952 | 47 | 186
45 392 | 243 | 98 [ 92 [ 1024 | 31 | 64 | 139 | 3008 | 157 | 188 | 186 | 6016 | 23 | 94
46 | 400 | 151 | 40 | 93 | 1056 | 17 | 66 | 140 | 3072 | 47 | 96 | 187 | 6080 | 47 | 190
47 | 408 | 155 | 102 | 94 | 1088 | 171 | 204 | 141 | 3136 | 13 | 28 | 188 | 6144 | 263 | 480

OIONO(T|ARWIN(FP]| —
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5.1.4 Rate matching

514.1 Rate matching for turbo coded transport channels

The rate matching for turbo coded transport channels is defined per coded block and consists of interleaving the three
information bit streamsd® , d¥ andd{®, followed by the collection of bits and the generation of acircular buffer as
depicted in Figure 5.1.4-1. The output bits for each code block are transmitted as described in subclause 5.1.4.1.2.

(0) (0)
dy Subblock | Vi .
> interleaver d
virtual circular
buffer
dﬁl) s v . W . . &
ub-block K o Bit k Bit selection
interleaver "1 collection and pruning
dIEZ) Sub-block V|(<2)
) »
interleaver d

Figure 5.1.4-1. Rate matching for turbo coded transport channels

The bit stream dlﬁo) isinterleaved according to the sub-block interleaver defined in subclause 5.1.4.1.1 with an output

sequence defined as v((,o) , V1(0) : véo) V(KOF)[ _,and whereK; isdefined in subclause 5.1.4.1.1.

The bit stream d,ﬁ” isinterleaved according to the sub-block interleaver defined in subclause 5.1.4.1.1 with an output

sequence defined asvg) ,vi¥ v ... v .

The bit stream dlﬁz) isinterleaved according to the sub-block interleaver defined in subclause 5.1.4.1.1 with an output
sequence defined asvg” ,vi? Vi .. .v@ .

The sequence of bits e, for transmission is generated according to subclause 5.1.4.1.2.

51411 Sub-block interleaver

The bitsinput to the block interleaver are denoted by d{”,d{",d{",...,d$), , where D is the number of bits. The output
bit sequence from the block interleaver is derived as follows:

(1) Assign C150e = 32 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1,
2,...,C88 0 —1from Ieft to right.

(2) Determine the number of rows of the matrix RiG,oq » BY finding minimum integer R;Cbblock such that:

C TC
D< (Rs.lbblock X Cgbblock )

The rows of rectangular matrix are numbered 0, 1, 2,..., RiG, 0o —1from top to bottom.
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() If (R;%block X Cubblock )> D, then Np = (R;%block X Cdlppiook — D) dummy bits are padded such that yx = <NULL>
fork=0,1,...,Np- 1. Then, yy_,, =d{,k=0,1,..., D-1, and the bit sequence yx is written into the

(R;%block X C X biock ) matrix row by row starting with bit yo in column 0 of row O:

TC
Yo ! Y stubb| ock—1
TC C TC e C
ycsul_)block stubk_nlock + ycwbp|ock+2 . yzcsub_block -1
TC TC TC TC TC TC - TC TC
y( Raubblock ~D*Csubblock y( Raubblock ~DXCaubblock +1 y( Raubblock ~DXCsubblock +2 y( Raubblock*Csubblock —1)

For dﬁo) and d&l) :

(4) Perform the inter-column permutation for the matrix based on the pattern(P(j )) e {o,L..., IS oL
table 5.1.4-1, where P(j) isthe original column position of the j-th permuted column. After permutation of the
columns, the inter-column permuted (R;%b,ock X C o ehlock ) matrix is equal to

}that isshownin

Yp(0) Yp) Ypr(2) Y o (S0
yP(0)+§;Ct)b| ock yP(1)+(?;Ct)b| ock yP(2)+§LCt)b| ock . yp(c;%bl ockj1)+C;Cbb| ock
TC TC TC TC TC TC e e TC TC
yP(0)+( Raubblock ~D*Caubblock yP(1)+( Raubblock ~D*Caubblock yP(2)+( Raubblock ~D*Caubblock yP(Csubbl ock ~D+(Reubblock ~D*Csubblock

(5) The output of the block interleaver is the bit sequence read out column by column from the inter-column
permuted (R;%b,ock X C ook )matrix. The bits after sub-block interleaving are denoted by v{?, v v{) v}((')n 3

, where v{) correspondsto V() VY toy . andK :( T ok X CaSpiock )

P(0)+Casbblock
(2) .

Ford,”:

(4) The output of the sub-block interleaver is denoted by v{? ,v{? v ., V(KZF)[ - where vi? =y, and where

k
zr(k){ﬂ—m J]+C;%b|ockx(k mod RISy o0 J+1 [ mod Ky

bblock
The permutation function P is defined in Table 5.1.4-1.

Table 5.1.4-1 Inter-column permutation pattern for sub-block interleaver

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

5.1.4.1.2 Bit collection, selection and transmission

The circular buffer of length K, =3K; for the r-th coded block is generated as follows:
W =vl£0) fork=0,..., Ky -1
WKl—[+2k:V|(<l) fOI’k:O,..., KH —1

Wi saipn =V fork=0,..., Ky -1
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Denote the soft buffer size for the transport block by Nir bits and the soft buffer size for the r-th code block by Ny, bits.
The size Ny, is obtained as follows, where C is the number of code blocks computed in subclause 5.1.2:

- Ngp =mi n@hJ, KWJ for DL-SCH and PCH transport channels
C

- Ny =K,, for UL-SCH, MCH, SL-SCH and SL-DCH transport channels

For UE category 0, for DL-SCH associated with SI-RNTI and RA-RNTI and PCH transport channel, N, is aways
equal to K.

Where Nir is equal to:

o - Ny
Kc ’ KMIMO ’ min(M DL_HARQ Mlimit)

NIR_

Where the coefficient & is1 for subframe duration, 0.5 for slot duration and % for subslot duration of initial PDSCH

transmission. For retransmission of atransport block with slot or subslot duration, « is1 if the transport block has
initially been transmitted with subframe duration. For retransmission of atransport block with subframe duration, « is

0.5if the transport block hasinitially been transmitted with slot duration, and % if the transport block hasinitially been

transmitted with subslot duration.

If the UE signals ue-CategoryDL-v14xy indicating UE category M2, Nyt is the total number of soft channel bits
according to the UE category indicated by ue-CategoryDL-v14xy. Otherwise, if the UE signals ue-CategoryDL-v1310
indicating UE category M1, Nef: is the total number of soft channel bits according to the UE category indicated by ue-
CategoryDL-v1310. Otherwise, if the UE signals ue-CategoryDL-v13xy, and is configured with transmission mode 9 or
transmission mode 10 and the higher layer parameter maxLayersMIMO-r10 is configured to eightLayers, Nyt iSthe
total number of soft channel bits according to the UE category indicated by ue-CategoryDL-v13xy. Otherwise, if the UE
signals ue-CategoryDL-r12 indicating UE category O, or if the UE signals ue-CategoryDL-r12 indicating UE category
14 and is configured by higher layers with altCQI-Table-r12 or altCQI-Table-r15 for the DL cell, Nyt is the total
number of soft channel bits according to the UE category indicated by ue-CategoryDL-r12. Otherwise, if the UE signals
ue-Category-v11a0, and is configured by higher layers with altCQI-Table-r12 for the DL cell, Ny is the total number
of soft channel bits according to the UE category indicated by ue-Category-v11a0. Otherwise, if the UE signals ue-
Category-v1020, and is configured with transmission mode 9 or transmission mode 10, or is configured with
transmission mode 3 or transmission mode 4 and the higher layer parameter maxLayersMIMO-r10 is configured to
fourLayers, for the DL cell, Nst is the total number of soft channel bits [4] according to the UE category indicated by
ue-Category-v1020 [6]. Otherwise, Nyt isthe total number of soft channel bits [4] according to the UE category
indicated by ue-Category (without suffix) [6].

If Neort = 35982720 or 47431680,
Kc=5,
elseif Nyt = 303562752,
Ke= 32,
elseif Nyt = 14616576,
if the UE is configured by higher layers with altCQI-Table-r12,
Kc=3/2
else
Ke=2

end if.
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elseif Nyt = 19488768,
if the UE is configured by higher layers with altCQI-Table-1024QAM-r 15,
Kc=8/5
elseif the UE is configured by higher layers with altCQI-Table-r12,
Kec=2
else
Kc=8/3
end if.
elsaif Neort = 7308288 and the UE is configured by higher layers with altCQI-Table-r12,

if the UE is capable of supporting no more than a maximum of two spatial layers for the DL cell in the transmission
mode configured for the UE, or if the configured maximum number of layers indicated by the maxLayersMIMO-
r10field is no more than two,

Kc=3
else

Kc=3/2
end if.

elsaif Nt = 7308288 and the UE is configured by higher layers with altCQI-Table-r15,
if the UE is capable of supporting no more than a maximum of two spatial layers for the DL cell in the transmission
mode configured for the UE, or if the configured maximum number of layers indicated by the maxLayersMIMO-
r10field is no more than two,

Kc=12/5
else

Kc=6/5
end if.

elsaif Neott = 3654144 and the UE is capable of supporting no more than a maximum of two spatial layers for the DL
cell, or if the configured maximum number of layersindicated by the maxLayersMIMO-r10 field is no more than two,

Kec=2
else

Kec=1
End if.

For initial PDSCH transmission with subframe duration, Kyimo isequal to 2 if the UE is configured to receive PDSCH
transmissions based on transmission modes 3, 4, 8, 9 or 10 as defined in subclause 7.1 of [3], and isequal to 1
otherwise. For BL/CE UE Kuvimo isequal to 1. For initial PDSCH transmission with slot/subslot duration, Kmimo is
equal to 1.

MpL_narg IS the maximum number of DL HARQ processes as defined in clause 7 of [3].
Miimit IS a constant equal to 8.

Denoting by E the rate matching output sequence length for the r-th coded block, and rviqx the redundancy version
number for this transmission (rvie = 0, 1, 2 or 3), the rate matching output bit sequenceis g, k=0,1,..., E-1.

Define by G the total number of bits available for the transmission of one transport block.
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SetG' = G/(NL -Qm) where Qnisequal to 1 for n/2-BPSK, 2 for QPSK, 4 for 16QAM, 6 for 64QAM, 8 for 256QAM,
and 10 for 1024QAM, and where
- For transmit diversity:
- N.isequal to 2,
- Otherwise:
- N isequal to the number of layers atransport block is mapped onto

Set ¥ =G’ mod C , where C isthe number of code blocks computed in subclause 5.1.2.
if r<C-y-1
stE=N, -Q,|G’/C]
else
setE=N, -Q, [G’/C]
end if

TC

N
Setky = RIG ook -{2- LR—wa Vg + 2] , where RIS, isthe number of rows defined in subclause 5.1.4.1.1.
'subblock

Setk=0andj=0
while {k < E}

i Wi jymodng, #< NULL >

€ = Wiko+j)mod N,
k=k+1
end if
i=i+l
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?, d® and d{®, followed by the collection of bits and the generation of acircular buffer as
depicted in Figure 5.1.4-2. The output bits are transmitted as described in subclause 5.1.4.2.2.
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dk Sub-block Vi -
> interleaver d

Figure 5.1.4-2. Rate matching for convolutionally coded transport channels and control information

The bit stream d” isinterleaved according to the sub-block interleaver defined in subclause 5.1.4.2.1 with an output

sequence defined as véo) ,vl(o) ,v§°> vffz _, and where K; isdefined in subclause 5.1.4.2.1.

The bit stream d? isinterleaved according to the sub-block interleaver defined in subclause 5.1.4.2.1 with an output

@ o, a0

sequence defined asv;”,vy7, V37 ..., Ky-1°

The bit stream dlﬁz) isinterleaved according to the sub-block interleaver defined in subclause 5.1.4.2.1 with an output
sequence defined asvg” ,vi? vi? .. .v@ .

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

5.14.2.1 Sub-block interleaver

The bitsinput to the block interleaver are denoted by d{”,d{",d{",...,d$), , where D is the number of bits. The output
bit sequence from the block interleaver is derived as follows:

(1) AssignC S50 = 32 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1,
2,...,C 8o —1fromeft to right.

(2) Determine the number of rows of the matrix RSS, ou » PY finding minimum integer RSG oo Such that:

cc cc
D< (Rsubblock X C gibblock )

The rows of rectangular matrix are numbered 0, 1, 2,..., C%bmck —1from top to bottom.

fork=0,1,...,No- 1. Then, yy_, =d’,k=0,1,..., D-1, and the bit sequence yx is written into the

(R;%block X CSoock ) matrix row by row starting with bit yo in column 0 of row O:

Yo Y1 Y2 Yocco
subblock
Y.cc Y.cc Y.cc Y, ~cc
Csuk_)block Csubt;lock +1 CwaIock +2 . chublblock -1

Y Y

(RCC ><CCC

cc cc Y cc cc Y ncc cc
(Reiblock ~D*Cgipblack (Rebblock "D Capbiock 71~ (Rigbiosk ~D*Csinbiock +2 subblock *Csubblock ~1
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(4) Perform the inter-column permutation for the matrix based on the pattern(P(j )) } that is shown in

16{0,1 ----- CSBolock 1
table 5.1.4-2, where P(j) isthe original column position of the j-th permuted column. After permutation of the
columns, the inter-column permuted (Réf,%block xcgcbb,ock) matrix is equal to

Yp(0) Yp@ Yr2) yP(ng%blockfl)
cc cc cc e cc cc
yP(0)+§subb| ock yP(l)+C_subb| ock yP(2)+{3wbb| ock . yP(Csubbl ock ~D+Cstbblock
yP(0)+( RS Bblock-DXCSblock yP(1)+( RS Bblock-DXCSBblock yP(2)+( RS Bblock ~DXCSblock yP(CgJ%bI ook D+ RS Bbiock “DXCSblock

(5) The output of the block interleaver is the bit sequence read out column by column from the inter-column

permuted (R;Cbb,ock XCSE ok )matrix. The bits after sub-block interleaving are denoted by v’ , v ,v{) .. vﬁfrl ,

where v§ correspondsto ypq,, Vi’ to Yo(0)scSe, g -+ A K = (jocbblock XCsCu%uock)

Table 5.1.4-2 Inter-column permutation pattern for sub-block interleaver

Number of columns Inter-column permutation pattern
Cabblock < P(0), P)...., P(Cgiiosk —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 >

Thisblock interleaver is also used in interleaving PDCCH modulation symbols. In that case, the input bit sequence
consists of PDCCH symbol quadruplets[2].

5.1.4.2.2 Bit collection, selection and transmission

The circular buffer of length K, =3K; isgenerated as follows:
Wi =v§°) fork=0,..., Ky -1
Wi, =V fork=0,..., Ky -1
Wo, 4k =V fork=0,..., Ky -1

Denoting by E the rate matching output sequence length, the rate matching output bit sequenceis g, k=0,1,..., E-1.
Setk=0andj=0
while{k < E}

if Wi mogk,, #< NULL >

€ = Wjimodk,,
k=k+1
end if
j=j+1

end while
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515 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

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,
szerl-

k=k+1

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

end while

5.2 Uplink transport channels and control information

If the UE is configured with a Master Cell Group (MCG) and Secondary Cell Group (SCG) [6], the procedures
described in this clause are applied to the MCG and SCG, respectively. When the procedures are applied to a SCG, the
term primary cell refersto the primary SCell (PSCell) of the SCG.

If the UE is configured with a PUCCH SCell [6], the procedures described in this clause are applied to the group of DL
cells associated with the primary cell and the group of DL cells associated with the PUCCH SCell, respectively. When
the procedures are applied to the group of DL cells associated with the PUCCH SCell, the term primary cell refersto
the PUCCH SCell.

If the UE is configured with a LAA SCell, the procedures described in this clause are applied assuming the LAA SCell
isan FDD SCaell.
5.2.1 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

Figure 5.2.2-1 shows the processing structure for the UL-SCH transport channel on one UL cell. If sub-PRB allocation
is used, data arrives to the coding unit in the form of one transport block over a number of subframes per UL cell.
Otherwise, data arrives to the coding unit in the form of a maximum of two transport blocks every transmission time
interval (TTI) per UL cell. The following coding steps can be identified for each transport block of an UL cell:

- Add CRC to the transport block
- Code block segmentation and code block CRC attachment
- Channel coding of data and control information

- Rate matching
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- Code block concatenation
- Multiplexing of data and control information
- Channd 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 on each UL cell with restrictions as specified in [3].

ao,al ,...,aA_l l

Transport block
CRC attachment

Bobnbyy

Code block segmentation
Code block CRC attachment

€02 Cr1 oGk, 1) &

Channel coding
dﬁl())’ dl(;) ’-‘-»dﬁign,, Iy
RI RI RI
Rate matching %" o | oY 4
|
| ACK ACK ACK
[00 0 oO—1] | [00 01 | OOACK_l]
€05 €1 ""’er(lz',,—l) v v & *
N N T
Code block Channel | | Channel | | Channel :
concatenation coding ! coding : | coding :
L L
: RI RI RI jl ACK ACK ACK
fofivtor Rl R Sl R R R
| |
Data and Control multiplexing : :
| |
| |
| |
g 1g 1---!g ’
Zo'Zh ZH-1y ¢ ¢

Channel Interleaver

i hosh ""’hH+NLQRI -1

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 bitsin a transport block delivered to layer
lbyagy,a,a,,a;s,...,a, 4, and the parity bitsby pg, p;, P2, P3..-., PL_1- Aisthe size of the transport block and L is the

number of parity bits. The lowest order information bit ap is mapped to the most significant bit of the transport block as
defined in subclause 6.1.1 of [5].
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The parity bits are computed and attached to the UL-SCH transport block according to subclause 5.1.1 setting L to 24
bits and using the generator polynomial gcrczaa(D).

5.2.2.2 Code block segmentation and code block CRC attachment

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

Code block segmentation and code block CRC attachment are performed according to subclause 5.1.2.

The bits after code block segmentation are denoted by ¢,q, C;1,C, 2, Cr3,--s Cr(k, -1) » Where T is the code block number
and K; isthe number of bitsfor code block number r.

5.2.2.3 Channel coding of UL-SCH
Code blocks are delivered to the channel coding block. The bitsin a code block are denoted by
Cr0+Cr1sCr2s Crayeen Cr(k, -1) » Wherer isthe code block number, and K isthe number of bits in code block number r.

The total number of code blocksis denoted by C and each code block isindividually turbo encoded according to
subclause 5.1.3.2.

After encoding the bits are denoted by d ), d Y, d9,d 3 ..., d{, _;), withi =01 and 2and where D; is the number of

bits on thei-th coded stream for code block number r,i.e. D, =K, +4.

5224 Rate matching

Turbo coded blocks are delivered to the rate matching block. They are denoted by d¢,d?,d,d ..., d{}, ), with

i =01, and 2, and wherer is the code block number, i isthe coded stream index, and D, isthe number of bitsin each

coded stream of code block number r. The total number of code blocksis denoted by C and each coded block is
individually rate matched according to subclause 5.1.4.1.

After rate matching, the bits are denoted by e,,€,1,€5,€ 3, & (g, -1)» Wherer isthe coded block number, and where

E, isthe number of rate matched bits for code block number r.

5225 Code block concatenation

The bitsinput to the code block concatenation block are denoted by €,¢,€,1,€,2,€ 3, & g, ) for r =0,..,C-1 and
where E, isthe number of rate matched bits for the r-th code block.

Code block concatenation is performed according to subclause 5.1.5.

The bits after code block concatenation are denoted by f,, f;, f,, f3,..., fo_; , where G isthe 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.

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), HARQ-ACK and
rank indication, and CSI-RS resource indication (CRI). 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 PUSCH,
the channel coding for HARQ-ACK, rank indication (including RI only, joint report of RI/i1, joint report of CRI/RI,
joint report of CRI/RI/i1, joint report of CRI/RI/PTI, joint report of RI/i1,p-2, and joint report of RI/PTI), CRI and
channel quality information 0,,0;,0,,...,00_; iSdoneindependently. Parametersil,1-1,i1,2-1,i1,1-2,i1,2-2,i1,p-2

correspond to parameters i, ;, Iy ,, d;, d,, and |, in subclause 7.2.4 of [3].
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For the cases with TDD primary cell, the number of HARQ-ACK bitsis determined as described in subclause 7.3 of
[3].

When the UE transmits HARQ-ACK bits, rank indicator bits or CRI bits, it shall determine the number of coded
modulation symbols per layer Q’ for HARQ-ACK, rank indicator, or CRI bits asfollows.

For the case when only one transport block is transmitted in the PUSCH conveying the HARQ-ACK bits, rank indicator
bits or CRI bits:

PUSCH —initial PUSCH —initial PUSCH
O-M NEw .

C offset UcClI PUSCH
Cc-1 ) N ‘M <
2K
r=0

Q' =min b

where

- O isthe number of HARQ-ACK bits, rank indicator bits or CRI bits, and

N;ﬂb is4 for PUSCH with subframe duration, or for Partial PUSCH Mode 1. Ngﬁ]'b is2 for PUSCH with slot
duration, or for Partial PUSCH Mode 2 or 3. N;EL is 1 for PUSCH with subslot duration.

- MEUSH isthe scheduled bandwidth for PUSCH transmission in the current subframe/slot/subslot for the
transport block, expressed as a number of subcarriersin[2], and
PUSCH-initial
Nsymb it
the same transport block, respectively, given by

PUSCH -initial __ [ NjUL PUSCH -initial PUSCH -initial
Nwmb - ( Nwmb - NSRS - Nstart - I\Iend ) » Where

is the number of SC-FDMA symbols per subframe/slot/subslot for initial PUSCH transmission for

N;,';]b = (N;,';]b —1) for PUSCH with slot duration, or for Partial PUSCH Mode 2 or 3, or

Ngmb = Nemp ' — Noygs for PUSCH with subsiot duration,

N;‘nﬂg‘“ is the number of SC-FDMA symbols of the subslot as defined in subclause 4.1 of [2],

- Npyrs isthe number of SC-FDMA symbols for DMRS of the subslot as defined in subclause 5.5.2.1.2
of [2]

otherwise N —2(NU" 1).

symb — symb
N isequal to 1

- if UE configured with one UL cell is configured to send PUSCH and SRS in the same
subframe/dlot/subslot for initial transmission, or

- if UE transmits PUSCH and SRS in the same subframe/slot/subsl ot in the same serving cell for initial
transmission, or

- if the PUSCH resource alocation for initial transmission even partialy overlaps with the cell-specific
SRS subframe and bandwidth configuration defined in subclause 5.5.3 of [2], and for PUSCH with
dot/subslot duration if the current slot/subslot is the last dlot/subslot in a subframe, or
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- if the subframe/dlot/subslot for initial transmission in the same serving cell isin a UE-specific type-1 SRS
subframe as defined in Subclause 8.2 of [3], and for PUSCH with dlot/subdlot duration if the current
slot/subslot isthe last slot/subdlot in a subframe, or

- if the subframe/dlot/subslot for initial transmission in the same serving cell isin a UE-specific type-0 SRS
subframe as defined in subclause 8.2 of [3] and the UE is configured with multiple TAGs, and for
PUSCH with slot/subslot duration if the current slot/subslot isthe last dot/subslot in a subframe.

- Otherwise Ngq isequal to 0.

N PUSCH-inital

start
transmit the PUSCH not starting from the beginning of the first symbol or the seventh symbol of the subframe
for initial transmission, otherwise is equal to 0.

isequal to 1 when the UE configured for uplink transmission on aLAA SCell isindicated to

N;LJSCH'mma] isequal to 1 when the UE configured for uplink transmission on a LAA SCell isindicated to

transmit the PUSCH up to the second to last symbol of the subframe for initial transmission and N isequal
to 0, otherwiseis equal to 0.

- M pPuseH-ntid G and K, are obtained from the initial PDCCH or EPDCCH or MPDCCH or SPDCCH for the

same transport block. If thereisno initial PDCCH or EPDCCH with DCI format 0/0A/0OB/4A/4B or MPDCCH
with DCI format 6-0A/6-0B or SPDCCH with DCI format 7-0A/7-0B for the same transport block,

M JoscH -initial “C and K, shall be determined from:

- the most recent semi-persistent scheduling assignment PDCCH or EPDCCH or MPDCCH or SPDCCH,
when the initial PUSCH for the same transport block is semi-persistently scheduled, or,

- therandom access response grant for the same transport block, when the PUSCH is initiated by the random
access response grant, or

- the most recent AUL activation DCI as defined in [3], when the initial PUSCH for the same transport block is
AUL PUSCH.

For the case when two transport blocks are transmitted in the PUSCH conveying the HARQ-ACK bits, rank indicator
bits or CRI bits:

Q' = max{min(Qiury, 4-M 2V Q] with

0. M PuscH —initial (1) _ N;LéisacH —initial @)\ PUSCH —initial (2) N;Lr,:f)(?H -iitial (2) | gPUSCH

’ offset
Z Kr(l) ‘M SI?:USCH —initial (2) NSI;L;%?H —initial (2) + Z Kr(2) M SF'CUSCH —initial (1) N;Lé%:H—lnltlal @®
r=0 r=0

where

- O isthe number of HARQ-ACK bits, rank indicator bits or CRI bits, and

Quin =0 if 0<2,Qlyn =[20/Q;, ] if 3<0<11 with Q, = min(QY,Q2) where QX x = {1,2} isthe
modulation order of transport block "x", and Ql;, =[20, /Q}, |+[20,/Q}, | if O>11 with O, =[0/2] and
0,=0-[0/2].

- M RoseRantial () [y — 11 2 are the scheduled bandwidths or bandwidths assigned by the most recent AUL

activation DCI as defined in [3] for PUSCH transmission in the initial sub-frame for the first and second
transport block, respectively, expressed as a number of subcarriersin [2], and
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- NS = 11,2} are the number of SC-FDMA symbols per subframe for initial PUSCH transmission

for the first and second transport block given by
PUSCH -initial (x) __ { KjUL (x) PUSCH -initial (x) PUSCH -initial (x) _
Nwmb - ( Nwmb - NSRS - Nstart - Nend )' X= {11 2} , Where

- N';;b = (N;’/;b —1) for Partial PUSCH Mode 2 or 3,

- otherwise N2t —2(NUL 1).

symb — symb
- N&,x={12 isequal to 1

- if UE configured with one UL cell is configured to send PUSCH and SRS in the same subframe for initial
transmission, or

- if UE transmits PUSCH and SRS in the same subframe in the same serving cell for initial transmission of
transport block "x", or

- if the PUSCH resource alocation for initia transmission of transport bock "x" even partialy overlaps
with the cell-specific SRS subframe and bandwidth configuration defined in subclause 5.5.3 of [2] , or

- if the subframe for initial transmission of transport block "X" in the same serving cell is a UE-specific
type-1 SRS subframe as defined in Subclause 8.2 of [3], or

- if the subframe for initial transmission of transport block "x" in the same serving cell is a UE-specific
type-0 SRS subframe as defined in subclause 8.2 of [3] and the UE is configured with multiple TAGs.

- Otherwise N&%,x={12 isequal toO.
NSUSCHINTI0 ' — 11 21 is equal to 1 when the UE configured for uplink transmission on aLAA SCell is
indicated to transmit the PUSCH for the first and second transport block not starting from the beginning of the
first symbol or the seventh symbol of the subframe for initial transmission, otherwiseis equal to 0.

N;LéSCH_i"“aJ(X) ,X={1,2} isequal to 1 when the UE configured for uplink transmission on aLAA SCell is

indicated to transmit the PUSCH for the first and second transport block up to the second to last symbol of the
subframe for initial transmission and N, x={1,2} isequal to 0, otherwiseis equal to 0.

- MEPUSEHANIEG) 1121, ™ x={1,2},and K¥,x={1,2} are obtained from the initiad PDCCH or

EPDCCH for the corresponding transport block, or from the most recent AUL activation DCI as defined in [3],
when the initial PUSCH for the corresponding transport block is AUL PUSCH.

For HARQ-ACK, Qo =Q,, - Q" and SRS = SR 'where Q,,isthe modulation order of agiven

transport block. For UES configured with no more than five DL cells, SHa70~A“ shall be determined according to [3]

depending on the number of transmission codewords for the corresponding PUSCH, the duration for the corresponding

PUSCH (subslot/d ot/subframe), and the beta offset indicator in SPDCCH with DCI format 7-0A/7-0B when the

duration for the corresponding PUSCH is subslot. For UES configured with more than five DL cells, B> " shall

be determined according to [3] depending on the number of transmission codewords for the corresponding PUSCH, the
number of HARQ-ACK feedback bits, the duration for the corresponding PUSCH (subsl ot/dlot/subframe), and the beta
offset indicator in SPDCCH with DCI format 7-0A/7-0B when the duration for the corresponding PUSCH is subslot.

For rank indication or CRI, Qg = Q,,- Q", Qer =Q,,- Q" and B = BX ., whereQ,,is the modulation

order of agiven transport block, and 0'}'33 shall be determined according to [3] depending on the number of

transmission codewords for the corresponding PUSCH, the duration for the corresponding PUSCH, the beta offset
indicator in SPDCCH with DCI format 7-0A/7-0B when the duration for the corresponding PUSCH is subdot, and on
the uplink power control subframe set for the corresponding PUSCH when two uplink power control subframe sets are
configured by higher layers for the cell.
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For HARQ-ACK

Each positive acknowledgement (ACK) is encoded as a binary '1' and each negative acknowledgement (NACK)
isencoded as a binary '0'

If HARQ-ACK feedback consists of 1-bit of information, i.e., [05¥ ], it isfirst encoded according to Table
5.2.2.6-1.

If HARQ-ACK feedback consists of 2-bits of information, i.e., [0ACK ACK] with 00 K corresponding to

HARQ-ACK bit for codeword 0 and 01ACK corresponding to that for codeword 1, or if HARQ-ACK feedback

consists of 2-bits of information as a result of the aggregation of HARQ-ACK bits corresponding to two DL cells
with which the UE is configured by higher layers, or if HARQ-ACK feedback consists of 2-bits of information

corresponding to two subframes for TDD, it isfirst encoded according to Table 5.2.2.6-2 where

05" = (0§ +0{*)mod 2.

Table 5.2.2.6-1: Encoding of 1-bit HARQ-ACK

Qm Encoded HARQ-ACK
2 [ ACK y]

4 [ ACK yXX]

6 [0 yxxxx]
8 [08% y X x X X X X]

Table 5.2.2.6-2: Encoding of 2-bit HARQ-ACK

Qm Encoded HARQ-ACK
5 [0ACK oACK GACK GACK ACK ACK )
O 0 0o
4 [02° 0/ x x 02K 0K x XOACK 0" x X]
6 [0ACK 01ACK X X X X of‘CK 0§CK X X X X 01ACK O?CK X X X X]
8 [0 0 x x x x x x 05K ol x x x x x x 0" 05 x x x x x X]

If HARQ-ACK feedback consists of 3< 0" <11 bits of information as a result of the aggregation of HARQ-
ACK bits corresponding to one or more DL cells with which the UE is configured by higher layers, i.e.,

05 o ...,0 Q%K _,» then acoded bit sequence G¢'™ G .., G4 is obtained by using the bit sequence
05K oK ... OQ%K _, astheinput to the channel coding block described in subclause 5.2.2.6.4. In turn, the bit
sequence 3™, of*™, 7" ..., a4, 4 isobtained by the circular repetition of the bit sequence

a3 g% ..., a1 so that the total bit sequence length is equal to Qack -

If HARQ-ACK feedback consists of 11< O** < 22 bits of information as a result of the aggregation of HARQ-

ACK bhits corresponding to one or more DL cells with which the UE is configured by higher layers, i.e.,
ACK ACK ACK ACK

057 0f*™...,05%E _, . then the coded bit sequence gp ™, 6;*™, ;™" ..., dgr, 4 is obtained by using the bit
sequence 05K o, .,ogf(";(K , astheinput to the channel coding block described in subclause 5.2.2.6.5.

If HARQ-ACK feedback consists of O*™>22 bits of information as a result of the aggregation of HARQ-ACK

bits corresponding to one or more DL cells with which the UE is configured by higher layers, the coded bit
sequence is denoted by g5, 4, 45 ..., a55" . The CRC attachment, channel coding and rate matching

of the HARQ-ACK hits are performed according to subclauses 5.1.1 setting L to 8 bits, 5.1.3.1 and 5.1.4.2,
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respectively. The input bit sequence to the CRC attachment operation is 0/¢ 0" ..., og%,( _,- The output bit
seguence of the CRC attachment operation is the input bit sequence to the channel coding operation. The output
bit sequence of the channel coding operation isthe input bit sequence to the rate matching operation.

The"x" and"y" in Table 5.2.2.6-1 and 5.2.2.6-2 are placeholders for [2] to scramble the HARQ-ACK bitsin away that
maximizes the Euclidean distance of the modulation symbols carrying HARQ-ACK information.

For FDD or TDD HARQ-ACK multiplexing or the aggregation of more than one DL cell including at least one cell

using FDD and at least one cell using TDD when HARQ-ACK consists of one or two bits of information, the hit
sequence 5", o, g2 ..., a5 ; isobtained by concatenation of multiple encoded HARQ-ACK blocks where

Qack isthetotal number of coded bits for all the encoded HARQ-ACK blocks. The last concatenation of the encoded
HARQ-ACK block may be partial so that the total bit sequence length is equal to Qack -

For UEs configured by higher layers with dI-TTI-Length, if codebooksizeDeterminationSTTI-rel15 is configured as dai,
the bit sequence G,"““0,"" ..., 0%, corresponding to PDSCH with slot/subslot duration is determined according
to the Downlink Assignment Index (DAI) asin Table 5.3.3.1.2-2 and as defined in [3]; otherwise, the bit sequence

0y O ..., 05me _, is determined as below.

For FDD with at least one cell configured with higher layer parameter dI-TTI-Length or for the aggregation of more

than one DL cell including a primary cell using FDD and at |east one secondary cell using TDD and at least one DL cell

configured with higher layer parameter di-TTI-Length, define the bit sequence 050%™ ..., 0552 _, corresponding

to PDSCH with dot/subslot duration as the result of the concatenation of HARQ-ACK bits for one or multiple DL cells
configured with higher layer parameter dI-TTI-Length, Ncse?l"s as the number of cells configured with dI-TTI-Length for

the UE and BCSD - asthe number of dot(s) or subslot(s) for which the UE needs to feed back HARQ-ACK bitsin UL
dlot or subslot n for the ¢-th serving cell. For a cell using FDD and configured with dI-TTI-Length=subslot and ul-TTI-
Length=subslot, or for acell using FDD and configured with dl-TTI-Length=slot and ul-TTI-Length=slot, BCSD L=1.

For acell using FDD and configured with dI-TTI-Length=subslot and ul-TTI-Length=dlot, BSD " =3. Foracdl us ng

TDD, BCSD" =1if dot n-4 inthe cell isin aDL subframe, or slot n-4 is the first slot in a special subframe with special
subframe cofigurations 1/2/3/4/6/7/8/9/10 and normal downlink CP, or ot n-4 isthe second slot in a special subframe
with special subframe cofigurations 3/4/8 and normal downlink CP, and B =0 otherwise.

The bit sequence 0“0 ,..., GOSQSKK_ , is performed according to the following pseudo-code:

Set ¢ = 0—cell index: lower indices correspond to lower RRC indices of corresponding cell configured with dI-TTI-
Length

Setj = 0—HARQ-ACK bit index
whilec< N-
setl=0;

. sDL
whilel < B;

0™ = HARQ-ACK bit of this cell
j=j+1
I=1+1

end while

c=c+1
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end while

For FDD with at least one cell configured with higher layer parameter dI-TTI-Length or for the aggregation of more

than one DL cell including a primary cell using FDD and at |east one secondary cell using TDD and at least one DL cell
configured with higher layer parameter di-TTI-Length, define the bit sequence G,"““0,*“" ,..., 0.l | corresponding
to PDSCH with subframe duration as the result of the concatenation of HARQ-ACK bits for one or multiple DL cells.

The bit sequence 0, "““0,"%..., 6(;(1%5_1 is determined as below for bit sequence 67 6, ..., Ggfcﬁ _, and spatial

bundling is performed if the HARQ-ACK isto be transmitted on subslot PUSCH or if the HARQ-ACK isto be
transmitted on slot PUSCH and spatial bundling is configured.

For UEs configured by higher layers with codebooksizeDetermination-r13 = dai, the bit sequence

0, 6,°,..., 6/% | corresponding to PDSCH with subframe duration is determined according to the Downlink

Assignment Index (DAI) asin Table 5.3.3.1.2-2 and as defined in [3]. Otherwise, the bit sequence

0y 6, ,..., 675 | is determined as below.

For FDD when the UE is not configured with EN-DC and higher layer parameter subframeAssignment-r15, when

HARQ ACK consists of 2 or more bits of information as aresult of the aggregation of more than one DL cell, the bit
~ACK =ACK ~ACK

sequence Oy O; ..., Ogxcc , corresponding to PDSCH with subframe duration is the result of the concatenation
of HARQ-ACK bits for the multiple DL cells according to the following pseudo-code:

Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell

Setj = 0-HARQ-ACK bit index

Set N 2, to the number of cells configured by higher layers for the UE

whilec < N2

if transmission mode configured in cell ce {1,2,5,6,7} —1 bit HARQ-ACK feedback for this cell

GJ.ACK = HARQ-ACK hit of this cell

j=j+1
ese

if the PUSCH is with subframe or slot duration and the UE is not configured with spatial bundling on PUSCH by
higher layers

07" = HARQ-ACK bit corresponding to the first codeword of this cell

j=j+1
SACK _

0;

HARQ-ACK hit corresponding to the second codeword of this cell
j=j+1
else

~ACK
O:

= binary AND operation of the HARQ-ACK bits corresponding to the first and second codewords of

this cell
j=j+1
end if

end if
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c=c+1
end while

For the aggregation of more than one DL cell including aprimary cell using FDD and at least one secondary cell using

TDD when the UE is not configured with EN-DC and higher layer parameter subframeAssignment-r15, the bit sequence

00K 60 ..., Ggfc’f( , isthe resuilt of the concatenation of HARQ-ACK bits for one or multiple DL cells. Define

chhs as the number of cells configured by higher layers for the UE and BcDL as the number of subframes for which

the UE needs to feed back HARQ-ACK bitsin UL subframe n for the c-th serving cell. For acell using TDD, the
subframes are determined by the DL-reference UL/DL configuration if the UE is configured with higher layer
parameter eimta-HARQ-ReferenceConfig, and determined by the UL/DL configuration otherwise. For acell using TDD,

Bf" =1 if subframe n-4 in the cell, or subframe n-3 in the cell if higher layer parameter shortProcessingTime is

configured for the cell, isa DL subframe or a specia subframe with special subframe configurations 1/2/3/4/6/7/8/9/10
and normal downlink CP or a special subframe with specia subframe configurations 1/2/3/5/6/7 and extended downlink

CP, and BY" =0 otherwise. For acell using FDD, BP" =1.

The bit sequence 6, 6;'°“ ..., 6], | is performed according to the following pseudo-code:

Set ¢ = 0—cell index: lower indices correspond to lower RRC indices of corresponding cell
Setj = 0-HARQ-ACK bit index

whilec < N2

DL _
if Bew =1
if transmission mode configured in cell ce {1,2,5,6,7} —1 bit HARQ-ACK feedback for this cell

0" = HARQ-ACK bit of this cell

j=j+1
else

if the PUSCH is with subframe or dot duration and the UE is not configured with spatial bundling on
PUSCH by higher layers

~ACK
0

= HARQ-ACK hit corresponding to the first codeword of this cell
j=j+1

~ACK
0

= HARQ-ACK hit corresponding to the second codeword of this cell
j=j+1
else

~ACK
0

= hinary AND operation of the HARQ-ACK bits corresponding to the first and second codewords of
this cell
j=j+1
end if
end if
end if

c=c+1
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end while

For the cases with TDD primary cell or EN-DC with FDD primary cell and higher layer parameter
subframeAssignment-r 15 configured, when HARQ-ACK isfor the aggregation of one or more DL cellsand the UE is

configured with PUCCH format 3, PUCCH format 4 or PUCCH format 5 [3], the bit sequence 6, 6, ..., 625

isthe result of the concatenation of HARQ-ACK bits for the one or more DL cells configured by higher layers and the
multiple subframes as defined in [3].

Define chhs as the number of cells configured by higher layers for the UE and BcDL as the number of subframes for

which the UE needs to feed back HARQ-ACK bits as defined in Subclause 7.3 of [3].

The number of HARQ-ACK hits for the UE to convey if it is configured with PUCCH format 3, PUCCH format 4 or
PUCCH format 5 is computed as follows:

Set k = 0 — counter of HARQ-ACK bits

Set ¢=0 — cell index: lower indices correspond to lower RRC indices of corresponding cell

whilec < N2

setl=0;
whilel < B2*

if transmission mode configured in cell ce {1,2,5,6,7} -- 1 bit HARQ-ACK feedback for this cell
k=k+1
else
k=k+2
end if
[=1+1
end while
c=c+1
end while

When PUCCH format 3 is configured, if k <20 when TDD isused in all the configured serving cell(s) of the UE, or if k
<21 when FDD isused in at least one of the configured serving cells with TDD primary cell, or if k <21 when the UE
is configured with EN-DC with FDD primary cell and higher layer parameter subframeAssignment-r15; or when
PUCCH format 4 or PUCCH format 5 is configured and when the UE is not configured with spatial bundling on
PUSCH by higher layers, the multiplexing of HARQ-ACK bitsis performed according to the following pseudo-code:

Set ¢ = 0 —cell index: lower indices correspond to lower RRC indices of corresponding cell
Setj = 0—HARQ-ACK bit index

DL

whilec < Ngjs

set1=0;
whilel < B2

if transmission mode configured in cell ce {1,2,5,6,7} -- 1 bit HARQ-ACK feedback for this cell

~ ACK ACK

0; =0.," HARQ-ACK bit of this cell as defined in Subclause 7.3 of [3]
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j=j+1
else
[6,/°,6, 71 =[025",0/55] HARQ-ACK bits of this cell as defined in Subclause 7.3 of [3]
j=j+2
end if
[=1+1
end while
c=c+1

end while

When PUCCH format 3 is configured, if k> 20 when TDD isused in all the configured serving cell(s) of the UE, or if
k > 21 when FDD isused in at least one of the configured serving cellswith TDD primary cell, or if k > 21 when the
UE is configured with EN-DC with FDD primary cell and higher layer parameter subframeAssignment-r15, spatial
bundling is applied to all subframesin al cells, or when PUCCH format 4 or PUCCH format 5 is configured and when
the UE is configured with spatial bundling on PUSCH by higher layers; or when the PUSCH is subslot duration, the
multiplexing of HARQ-ACK bhitsis performed according to the following pseudo-code:

Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell
Setj = 0-HARQ-ACK bit index

whilec < N2,
setl=0;
whilel < B2

if transmission mode configuredin cell ce {1,2,5,6,7} — 1 bit HARQ-ACK feedback for this cell

0, = 0™ HARQ-ACK bit of this cell as defined in Subclause 7.3 of [3]
j=j+1
else
0/ = OACK binary AND operation of the HARQ-ACK bits corresponding to the first and second

J
codewords of this cell as defined in Subclause 7.3 of [3]

j=j+1
end if
[=1+1
end while
c=c+1
end while
For FDD with at least one cell configured with higher layer parameter dI-TTI-Length or for the aggregation of more

than one DL cell including aprimary cell using FDD and at least one secondary cell using TDD and at least one DL cell
~ACK =ACK ~ACK

configured with higher layer parameter dI-TTI-Length, bit sequence 6, 0, ,..., 0 ack _, IS obtained by
concatenation of the bit sequence 05”0 ,..., 0% | and 09" ,..., G0 |, where 0" = 0% 4 oUe
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in the cases defined in subclause 7.3 of [3]. In all other cases, the sequence of bits 6, 6, ..., 6.5  isgiven by

05 07 ,..., 05 _, - For the cases with TDD primary cell with at least one cell configured with higher layer

parameter dI-TTI-Length, the bit sequence 6, 6, ,..., ngc*f(_l isas defined in [3].

For 0"* <11 or o"* > 22, the bit sequence 05 0/*¥ ... OA%K , isobtained by setting o ="

For 11< 0"* < 22, the bit sequence 05" o' .. .,OS%K is obtained by setting 05" = 6"

|
ACK ACK
= ifii .
O(OACK /2}+(i—1)/2 0' s oad

if i iseven and

For the cases with TDD primary cell when HARQ-ACK isfor the aggregation of two DL cells and the UE is configured

with PUCCH format 1b with channel selection, the bit sequence oy 0/°¥ ..., OQ%K , isobtained as described in

subclause 7.3 of [3].

For TDD HARQ-ACK bundling, abit sequence Gy, G, G,"™ ..., G5or

multiple encoded HARQ-ACK blocks where Q¢ isthe total number of coded bits for all the encoded HARQ-ACK

blocks. The last concatenation of the encoded HARQ-ACK block may be partial so that the total bit sequence lengthis

equal toQack - A scrambling sequence [WACK ACK WK WK ] is then selected from Table 5.2.2.6-A with index

_, isobtained by concatenation of

i = (N, g —1)M0d4, where N, o is determined as described in subclause 7.3 of [3]. The bit sequence

90, af 45" ..., a4 4 isthen generated by setting m=1 if HARQ-ACK consists of 1-bit and m= 3 if

~ ACK

HARQ-ACK consists of 2-bits and then scrambling G, "™, G,/ .. - Oy asfollows

Seti, kto 0
while i < Quey
it " =y  // place-holder repetition bit
A = (@5 +wiTs Jmod 2
k =(k+21)mod4m
else

it 0" = X // aplace-holder bit

~ ACK

9" =q
else  // coded bit
67 = (G + Wi Jmod 2
k =(k+2)mod4m
end if
i=i+1

end while
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Table 5.2.2.6-A: Scrambling sequence selection for TDD HARQ-ACK bundling

i lW(,;\CK\NlACKWZACKWs{\CKJ
[1111]
[1010]
[1100]
[1001]

WIN|F|O

When HARQ-ACK information is to be multiplexed with UL-SCH at a given PUSCH, the HARQ-ACK information is
multiplexed in al layers of al transport blocks of that PUSCH, For a given transport block, the vector sequence output

of the channel coding for HARQ-ACK information is denoted by q:CK , quK qS,CK , Where inCK ,
- - —Qhack =

=]
i =0,...,Qcx —1 are column vectors of length (Q,,- N, ) and where Qo = Qack / Qpy iSObtained as follows:

Seti,ktoO

while i < Qe

g: K = [gf '"qiﬁ((:?ﬁ—l] -- temporary row vector
NL
—_—
9? = @?CK " -@fCK ]" -- replicating the row vector dlf SN, times and transposing into a column vector
i=i+Qp
k=k+1

end while

where N, isthe number of layers onto which the UL-SCH transport block is mapped.

For rank indication (RI) (RI only, joint report of Rl and i1, joint report of CRI and RI, joint report of CRI, Rl and i1,
joint report of CRI, RI, and PTI, joint report of Rl and i1,p-2, and joint report of Rl and PTI) or CRI

- The corresponding bit widths for CRI feedback for PDSCH transmissions are given by Tables5.2.2.6.1-2A,
5.2.2.6.1-2C, 5.2.2.6.1-2G, 5.2.2.6.2-3A, 5.2.2.6.2-3C, 5.2.2.6.2-3G, 5.2.2.6.3-3A, 5.2.2.6.3-3C, 5.2.2.6.3-3G,
5.2.3.3.1-3E, 5.2.3.3.1-3H, 5.2.3.3.2-4E, and 5.2.3.3.2-4H.

- The corresponding bit widths for RI feedback for PDSCH transmissions are given by Tables5.2.2.6.1-2,
5.2.2.6.1-2B, 5.2.2.6.1-2D, 5.2.2.6.1-2E, 5.2.2.6.1-2F, 5.2.2.6.2-3, 5.2.2.6.2-3B, 5.2.2.6.2-3D, 5.2.2.6.2-3F,
5.2.2.6.2-3F, 5.2.2.6.3-3, 5.2.2.6.3-3B, 5.2.2.6.3-3D, 5.2.2.6.3-3E, 5.2.2.6.3-3F, 5.2.3.3.1-3, 5.2.3.3.1-3A,
5.2.3.3.1-3B, 5.2.3.3.1-3B-1, 5.2.3.3.1-3C, 5.2.3.3.1-3D, 5.2.3.3.1-3F, 5.2.3.3.1-3G, 5.2.3.3.1-3I, 5.2.3.3.1-3],
5.2.3.3.1-5,5.2.3.3.2-4,5.2.3.3.2-4A, 5.2.3.3.2-4B, 5.2.3.3.2-4C, 5.2.3.3.2-4D, 5.2.3.3.2-4F, 5.2.3.3.2-4G and
5.2.3.3.2-41 which are determined assuming the maximum number of layers as follows:

- If the maxLayersMIMO-r10 is configured for the DL cell, the maximum number of layers for subframe
operation is determined according to maxLayersMIMO-r10 for the DL cell.

- If the UE is configured with ShortTTI-Length and if the higher layer parameter maxLayersMIMO-sTTI-r15is
configured for the DL cell, the maximum number of layers for slot/subslot operation is determined according
to maxLayersMIMO-sTTI-r15 for the DL cell.

- Elsg

- If the UE is configured with transmission mode 9, and the supportedMIMO-CapabilityDL-r10field is
included in the UE-EUTRA-Capability, the maximum number of layersis determined according to the
minimum of the configured number of CSI-RS ports and the maximum of the reported UE downlink
MIMO capabilities for the same band in the corresponding band combination.

- If the UE is configured with transmission mode 9, and higher layer parameter eMIMO-Type, and eMIMO-
Typeisset to 'CLASS B' with K>1, and RI and CRI are transmitted in the same reporting instance, and
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the supportedMIMO-CapabilityDL-r10 field isincluded in the UE-EUTRA-Capability, the maximum
number of layersis determined according to the minimum of the maximum of number of antenna port of
the configured CSI-RS resources and the maximum of the reported UE downlink MIMO capabilities for
the same band in the corresponding band combination.

- If the UE is configured with transmission mode 9, and the supportedMIMO-CapabilityDL-r10 field is not
included in the UE-EUTRA-Capability, the maximum number of layersis determined according to the
minimum of the configured number of CSI-RS ports and ue-Category (without suffix).

- If the UE is configured with transmission mode 9, and higher layer parameter eMIMO-Type, and eMIMO-
Typeisset to 'CLASS B' with K>1, and RI and CRI are transmitted in the same reporting instance, and
the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum
number of layersis determined according to the minimum of the maximum of number of antenna port of
the configured CSI-RS resources and ue-Category (without suffix).

- If the UE is configured with transmission mode 9, and higher layer parameter semiOpenLoop, and the
supportedMIMO-CapabilityDL-r10 field isincluded in the UE-EUTRA-Capability, the maximum number
of layersis determined according to the minimum of 2 and the maximum of the reported UE downlink
MIMO capabilities for the same band in the corresponding band combination.

- If the UE is configured with transmission mode 9, and higher layer parameter semiOpenLoop, and the
supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum
number of layersis determined according to the minimum of 2 and ue-Category (without suffix).

- If the UE is configured with transmission mode 9, and higher layer parameter eMIMO-Type, and eMIMO-
Typeisset to 'CLASS B' with K>1 with activatedResources>1, and Rl and CRI are transmitted in the
same reporting instance, and the supportedMIMO-CapabilityDL-r10 field isincluded in the UE-EUTRA-
Capability, the maximum number of layersis determined according to the minimum of the maximum of
number of antenna ports of the activated CSI-RS resources and the maximum of the reported UE
downlink MIMO capabilities for the same band in the corresponding band combination.

- If the UE is configured with transmission mode 9, and higher layer parameter eMIMO-Type, and eMIMO-
Typeisset to 'CLASS B' with K>1 with activatedResources>1, and Rl and CRI are transmitted in the
same reporting instance, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-
EUTRA-Capability, the maximum number of layersis determined according to the minimum of the
maximum of number of antenna ports of the activated CSI-RS resources and ue-Category (without
suffix).

- If the UE is configured with transmission mode 9, and higher layer parameter eMIMO-Type, and eMIMO-
Typeisset to 'CLASS B' with activatedResources=1 or number ActivatedAperiodicCS-RS-Resources>0,
and the supportedMIMO-CapabilityDL-r10 field is included in the UE-EUTRA-Capability, the maximum
number of layersis determined according to the minimum of the number of antenna port of the activated
or selected CSI-RS resource and the maximum of the reported UE downlink MIMO capabilities for the
same band in the corresponding band combination.

- If the UE is configured with transmission mode 9, and higher layer parameter eMIMO-Type, and eMIMO-
Typeis set to 'CLASS B' with activatedResources=1 or number ActivatedAperiodicCS -RS-Resour ces>0,
and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the
maximum number of layersis determined according to the minimum of the number of antenna ports of
the activated or selected CSI-RS resource and ue-Category (without suffix).

- If the UE is configured with transmission mode 9 and higher layer parameter eMIMO-Type and eMIMO-
Type2, and the supportedMIMO-CapabilityDL-r10 field isincluded in the UE-EUTRA-Capability, the
maximum number of layersis determined according to the minimum of the configured number of CSI-RS
ports of eMIMO-Type2 and the maximum of the reported UE downlink MIMO capabilities for the same
band in the corresponding band combination.

- If the UE is configured with transmission mode 9 and higher layer parameter eMIMO-Type and eMIMO-
Type2, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the
maximum number of layersis determined according to the minimum of the configured number of CSI-RS
ports of eMIMO-Type2 and ue-Category (without suffix).

- If the UE is configured with transmission mode 10, and the supportedMIMO-CapabilityDL-r10 field is
included in the UE-EUTRA-Capability, the maximum number of layers for each CSI processis
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determined according to the minimum of the configured number of CSI-RS ports for that CSI process and
the maximum of the reported UE downlink MIMO capabilities for the same band in the corresponding
band combination.

- If the UE is configured with transmission mode 10, and higher layer parameter eMIMO-Type, and
eMIMO-Typeis set to 'CLASS B' with K>1, and Rl and CRI are transmitted in the same reporting
instance, and the supportedMIMO-CapabilityDL-r10 field is included in the UE-EUTRA-Capability, the
maximum number of layers for each CSI process is determined according to the minimum of the
maximum of number of antenna port of the configured CSI-RS resources in that CSI process and the
maximum of the reported UE downlink MIMO capabilities for the same band in the corresponding band
combination.

- If the UE is configured with transmission mode 10, and the supportedMIMO-CapabilityDL-r10 field is
not included in the UE-EUTRA-Capability, the maximum number of layers for each CS| processis
determined according to the minimum of the configured number of CSI-RS ports for that CSI process and
ue-Category (without suffix).

- If the UE is configured with transmission mode 10, and higher layer parameter eMIMO-Type, and
eMIMO-Typeis set to 'CLASS B’ with K>1, and Rl and CRI are transmitted in the same reporting
instance, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability,
the maximum number of layers for each CSI processis determined according to the minimum of the
maximum of number of antenna port of the configured CSI-RS resourcesin that CSI process and ue-
Category (without suffix).

- If the UE is configured with transmission mode 10, and higher layer parameter semiOpenLoop, and the
supportedMIMO-CapabilityDL-r10 field isincluded in the UE-EUTRA-Capability, the maximum number
of layers for each CSl processis determined according to the minimum of 2 and the maximum of the
reported UE downlink MIMO capabilities for the same band in the corresponding band combination.

- If the UE is configured with transmission mode 10, and higher layer parameter semiOpenLoop, and the
supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum
number of layersfor each CSI processis determined according to the minimum of 2 and ue-Category
(without suffix).

- If the UE is configured with transmission mode 10, and higher layer parameter eMIMO-Type, and
eMIMO-Typeis set to 'CLASS B' with K>1 with activatedResources>1, and Rl and CRI are transmitted
in the same reporting instance, and the supportedMIMO-CapabilityDL-r10 field isincluded in the UE-
EUTRA-Capability, the maximum number of layers for each CSI processis determined according to the
minimum of the maximum of number of antenna ports of the activated CSI-RS resourcesin that CSI
process and the maximum of the reported UE downlink MIMO capabilities for the same band in the
corresponding band combination.

- If the UE is configured with transmission mode 10, and higher layer parameter eMIMO-Type, and
eMIMO-Typeis set to 'CLASS B' with K>1 with activatedResources>1, and Rl and CRI are transmitted
in the same reporting instance, and the supportedMIMO-CapabilityDL-r10 field is not included in the
UE-EUTRA-Capability, the maximum number of layers for each CSI processis determined according to
the minimum of the maximum of number of antenna port of the activated CSI-RS resourcesin that CSl
process and ue-Category (without suffix).

- If the UE is configured with transmission mode 10, and higher layer parameter eMIMO-Type, and
eMIMO-Typeis set to 'CLASS B' with activatedResources=1 or number ActivatedAperiodicCS-RS
Resources>0, and the supportedMIMO-CapabilityDL-r10 field is included in the UE-EUTRA-Capability,
the maximum number of layers for each CSI processis determined according to the minimum of the
number of antenna ports of the activated or selected CSI-RS resource in that CSI process and the
maximum of the reported UE downlink MIMO capabilities for the same band in the corresponding band
combination.

- If the UE is configured with transmission mode 10, and higher layer parameter eMIMO-Type, and
eMIMO-Typeis set to '"CLASS B’ with activatedResources=1 or number ActivatedAperiodicCS-RS
Resources>0, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-
Capability, the maximum number of layers for each CSI process is determined according to the minimum
of the number of antenna port of the activated or selected CSI-RS resource in that CSI process and ue-
Category (without suffix).
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- If the UE is configured with transmission mode 10 and higher layer parameter eMIMO-Type and eMIMO-
Type2, and the supportedMIMO-CapabilityDL-r10 field isincluded in the UE-EUTRA-Capability, the
maximum number of layers for each CSI process is determined according to the minimum of the
configured number of CSI-RS ports of eMIMO-Type2 for that CS| process and the maximum of the
reported UE downlink MIMO capabilities for the same band in the corresponding band combination.

- If the UE is configured with transmission mode 10 and higher layer parameter eMIMO-Type and eMIMO-
Type2, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the
maximum number of layers for each CSI processis determined according to the minimum of the
configured number of CSI-RS ports of eMIMO-Type2 for that CSl process and ue-Category (without
suffix)

- Otherwise the maximum number of layersis determined according to the minimum of the number of
PBCH antenna ports and ue-Category (without suffix).

- If RI feedback consists of 1-bit of information, i.e., [0(?' ], itisfirst encoded according to Table 5.2.2.6-3. The
[05I ] to RI mapping isgiven by Table 5.2.2.6-5.

- If RI feedback consists of 2-bits of information, i.e., [05{I olR' ] with Ogl corresponding to MSB of 2-bit input
and 0 corresponding to L SB, it is first encoded according to Table 5.2.2.6-4 where oR = (of + 0 )ymod 2.
The [05{I olR' ] to RI mappingis given by Table 5.2.2.6-6A if the UE is configured with higher layer parameter
feCoMP-CS-Enabled, otherwise given by Table 5.2.2.6-6.

Table 5.2.2.6-3: Encoding of 1-bit RI

Qm Encoded RI

2 [o5' Y]

4 [og yxx]

6 [of yxxxx ]

8 [0f Yy X X X X X X]

Table 5.2.2.6-4: Encoding of 2-bit RI

Qm Encoded RI

2 [of off o} of! off o}]

4 [og{I olR' X X 02R' 05' xxolRI 028' X X]

6 [05{I olR'xxxx oZR' og'xxxx olR' oZR'xxxx]

8 [0 ol x x xxxx 0 off X XxXXXX 0ff 0F X XX X X X]

Table 5.2.2.6-5: Oc?' to RI mapping

oy RI
0 1
1 2
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Table 5.2.2.6-6: 00RI , 01RI to RI mapping

RI
0y .

RI

o

Plelolo

ROk |O

AIW|IN|F

Table 5.2.2.6-6A: 05' , 01RI to RI mapping

oy, of RI (CRI =0 or 1) {RIO, RI1} (CRI = 2)
0,0 1 L1
0,1 2 (1,2}
1,0 3 {2,1}
1,1 4 2,2}

Table 5.2.2.6-7: o} , of

Table 5.2.2.6-8: of , of

, o® to Rl mapping

O(I)?I RI

.

oX

Pl

il =ll=ll=ll=1k
== =]l=)

P [O|IFRO|FRO|Fkr|O] -

O N[O|OA(WIN|F-

, o, 0 to RI mapping

o, of, off .0 RI (CRI =0 or 1) {RIO, RIL} (CRI = 2)
0,0,0,0 1 {1,1}
0,0,0,1 2 {1,2}
0,0,1,0 3 {2,1}
0,0,1,1 4 {2,2}
0,1,0,0 5 {2,3}
0,101 6 {3,2}
0,1,1,0 7 {3,3}
0,1,1,1 8 {3,4
1,0,0,0 reserved {4,3}
1,0,0,1 reserved {4,4}
1,0,1,0 reserved reserved
1,0,1,1 reserved reserved
1,1,0,0 reserved reserved
1,1,0,1 reserved reserved
1,1,1,0 reserved reserved
1,1,1,1 reserved reserved

- If RI feedback for agiven DL cell consists of 3-bits of information, i.e., [0 off off ] with OF corresponding

to MSB of 3-bit input and o) correspondingto LSB. The [of! o o} ] to RI mapping isgiven by Table

5.2.2.6-7.
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- If RI feedback for agiven DL cell consists of 4-bits of information when the UE is configured with higher layer
parameter feCoMP-CSl-Enabled, i.e., [O('f ' 01RI 02R ' 03R'] with Og ' corresponding to MSB of 4-bit input and

of correspondingto LSB, the [0 O 0} 0O ] to RI mapping is given by Table 5.2.2.6-8.

- If RI feedback consistsof 3< O® <11 bits of information, i.e., [0RI ], then a coded bit sequence

ORI
[G¢ 0, ..., Gar | isobtained by using the bit sequence [of ] astheinput to the channel coding

block described in subclause 5.2.2.6.4.

ORI

- If RI feedback consistsof 11 < QR < 22 bits of information as a result of the aggregation of RI bits

corresponding to multiple DL cells or multiple CSl processes, i.e., [ogeI ], then the coded bit

ORI

sequence g, G, G5 ..., dgy, 1 IS Obtained by using the bit sequence [og' o), ] astheinput to the

ORI
channel coding block described in subclause 5.2.2.6.5.

- If RI feedback consistsof OR ~ 22 bits of information as aresult of the aggregation of RI bits corresponding to

multiple DL cells or multiple CSI processes, i.e., [0} of ..., ], then the coded bit sequence is denoted by

oR' -1
06’ 0t 105 1o GGy -1 - The CRC attachment, channel coding and rate matching of the HARQ-ACK bits are
performed according to subclauses 5.1.1 setting L to 8 hits, 5 1.3.1and 5.1.4.2, respectively. The input bit
sequence to the CRC attachment operation is [0} oY ,.. oR' ] . 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.

- A UE capable of supporting only up to 5 serving cellsis not expected to support CRI/RI payload larger than 22
bits.

The"x" and"y" in Table 5.2.2.6-3 and 5.2.2.6-4 are placeholders for [2] to scramble the Rl bitsin a way that maximizes
the Euclidean distance of the modulation symbols carrying rank information.

For the case where RI feedback for more than one DL cell isto be reported, the RI report for each DL cell is
concatenated prior to coding in increasing order of cell index.

For the case where RI feedback for more than one CSl processisto be reported, the RI reports are concatenated prior to
coding first inincreasing order of CSI processindex for each DL cell and then in increasing order of cell index.

For the case where RI feedback consists of one or two bits of information the bit sequence QO Ql ’ QZ e qQR| 4! -
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 lengthis
equal to Qg .

For the case where RI feedback consists of 3< QR <11bits of information, the bit sequence qo ,q1 ,q2 - 'qQRI 1S

obtained by the circular repetition of the bit sequence q 51 - ,53R1' so that the total bit sequence lengthis equal to
Qri -

For the case where CRI feedback is to be reported, the same procedures for Rl are applied for CRI. When rank
information isto be multiplexed with UL-SCH at a given PUSCH, the rank information is multiplexed in all layers of
al transport blocks of that PUSCH For a given transport block, the vector sequence output of the channel coding for

rank information is denoted by q - ,q a ,Where giR' , i =0,...,Qf —1 are column vectors of length

(Qy- N, ) and where Qi = Qg /Qrn .The vector sequence is obtained as follows:

Seti, j, kto O

while i < QR|
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G, =[a® .afg, 1] - temporary row vector

N

———
qE' = [dE' ---dE' 1" -- replicating the row vector c]f' N, times and transposing into a column vector

i=i+Qp
k=k+1
end while

where N, isthe number of layers onto which the UL-SCH transport block is mapped.

The same processing procedures for Rl and RI multiplexing with UL-SCH at a given PUSCH are applied for CRI, using
CRI instead of RI in the equations.

For channel quality control information (CQI and/or PMI denoted as CQI/PMI);

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

_ €\ PUSCH-initial (x) _ ny PUSCH -initial () . gPUSCH <
;| O+L)-Mg N g Btisa puscH  pgpuscH QN
Q =min e (M ZUSHNER -

z K ® Qr(nX)

r=0

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

<
- L isthe number of CRC bits given by L:{O O<11 and

8 otherwise

- Qe =QV Q' and Sy = B  Where S5 shall be determined according to [3] depending on the

number of transmission codewords for the corresponding PUSCH, the duration of the corresponding PUSCH,
and on the uplink power control subframe set for the corresponding PUSCH when two uplink power control
subframe sets are configured by higher layers for the cell.

- If neither RI nor CRI is not transmitted then Q%Y = 0.

Thevariable"x" in Kr(x) represents the transport block index corresponding to the highest Iwcs value indicated by the
initial UL grant. In case the two transport blocks have the same Iucs value in the corresponding initial UL grant, "x =1",
which corresponds to the first transport block. M S2SH7M00 "GO “ang K ™ are obtained from the initial PDCCH

or EPDCCH or MPDCCH or SPDCCH for the same transport block. If thereis no initial PDCCH or EPDCCH with
DCI format 0/0A/0B/4A/4B or MPDCCH with DCI format 6-0A/6-0B or SPDCCH with DCI format 7-0A/7-0B for the

same transport block, M 2USHMI20) " C0) ang K ™ shall be determined from:

- the most recent semi-persistent scheduling assignment PDCCH or EPDCCH or MPDCCH or SPDCCH, when
theinitial PUSCH for the same transport block is semi-persistently scheduled, or,

- therandom access response grant for the same transport block, when the PUSCH is initiated by the random
access response grant, or

- the most recent AUL activation DCI as defined in [3], when the initial PUSCH for the same transport block is
AUL PUSCH.
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Novs ™ isthe number of SC-FDMA symbols per subframe/siot/subslot for initial PUSCH transmission for the
same transport block.

For UL-SCH datainformation G = N¥ ~(N e M. QY —Q, — QY ) where

symb
N EX) is the number of layers the corresponding UL-SCH transport block is mapped onto, and

M 2USCH s the scheduled bandwidth for PUSCH transmission in the current subframe/slot/subslot for the
transport block, and

N PUSCH

gmb  isthe number of SC-FDMA symbolsin the current PUSCH transmission subframe/slot/subslot given

PUSCH __ [ NjUL PUSCH PUSCH
by Nsymb - (Nsymb - NSRS - Nstart - Nend ) » Where

N:,,;b = (Nsl;;b —1) for PUSCH with slot duration, or for Partial PUSCH Mode 2 or 3, or

Ngmb = Nemp ' — Noygs for PUSCH with subsiot duration,

- Ngma™ isthe number of SC-FDMA symbols of the subslot as defined in subclause 4.1 of [2],

- Npyrs isthe number of SC-FDMA symbols for DMRS of the subslot as defined in subclause 5.5.2.1.2
of [2]

- otherwise N —2(NU" 1).

symb — symb
- Ngg isequal to 1 for non-BL/CE UEs and BL/CE UEsin CEModeA

- if UE configured with one UL cell is configured to send PUSCH and SRS in the same subframe for the
current subframe/slot/subslot, or

- if UE transmits PUSCH and SRS in the same subframe/slot/subslot for the current subframe in the same
serving cell, or

- if the PUSCH resource allocation for the current subframe even partially overlaps with the cell-specific
SRS subframe and bandwidth configuration defined in subclause 5.5.3 of [2], and for PUSCH with
dot/subslot duration if the current slot/subslot isthe last dlot/subslot in a subframe, or

- if the current subframe/dot/subsiot in the same serving cell is a UE-specific type-1 SRS subframe as
defined in Subclause 8.2 of [3], and for PUSCH with slot/subslot duration if the current slot/subslot isthe
last dlot/subslot in a subframe, or

- if the current subframe/dot/subslot in the same serving cell is a UE-specific type-0 SRS subframe as
defined in subclause 8.2 of [3] and the UE is configured with multiple TAGs, and for PUSCH with
slot/subslot duration if the current slot/subslot isthe last slot/subslot in a subframe.

- Otherwise N isequa toO.

PUSCH
Nstart

the PUSCH not starting from the beginning of the first symbol or the seventh symbol of the current subframe,
otherwiseisequal to 0.

isequal to 1 when the UE configured for uplink transmission on aLAA SCell isindicated to transmit

N;ﬂSCH isequal to 1 when the UE configured for uplink transmission on aLAA SCell isindicated to transmit

the PUSCH up to the second to last symbol of the current subframe and N g isequal to 0, otherwiseis equal to
0.
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In case of CQI/PMI report for more than one DL cell, 04,0;,0,,...,05_; iStheresult of concatenating the CQI/PMI

report for each DL cell in increasing order of cell index. For the case where CQI/PMI feedback for more than one CSI
processis to be reported, 04, 0,,0,,...,05_; isthe result of concatenating the CQI/PMI reportsin increasing order of

CSl process index for each DL cell and then in increasing order of cell index.

- If the payload sizeislessthan or equal to 11 bits, the channel coding of the channel quality informationis
performed according to subclause 5.2.2.6.4 with input sequence 0y, 0;,0,,...,00_; -

- For payload sizes greater than 11 bits, the CRC attachment, channel coding and rate matching of the channel
quality information is performed according to subclauses 5.1.1, 5.1.3.1 and 5.1.4.2, respectively. Theinput bit
sequence to the CRC attachment operation is 0y, 04, 05,...,05_1 - 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 information is denoted by qg,0;,05,03:---, AN Qoo -1
where N, isthe number of layers the corresponding UL-SCH transport block is mapped onto.

5.2.2.6.1 Channel quality information formats for wideband CQI reports

If the parameter CQI-ReportModeAperiodic is configured to the value of rm12 by higher layers[6], the fields and the
corresponding bit widths for channel quality information and rank indication feedback are described as below.

Table5.2.2.6.1-1, Table 5.2.2.6.1-1A and Table 5.2.2.6.1-1B show the fields and the corresponding bit widths for the
channel quality information feedback for wideband reports for PDSCH transmissions associated with transmission
mode 4, transmission mode 6, transmission mode 8 configured with PMI/RI reporting, transmission mode 9 configured
with PMI/RI reporting with 2/4/8 antenna ports except with advancedCodebookEnabled=TRUE, transmission mode 10
configured with PMI/RI reporting with 2/4/8 antenna ports except with advancedCodebookEnabled=TRUE,
transmission mode 9/10 configured with PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-
Type, eMIMO-Typeis set to 'CLASS B' for a CSl process with K>1 except with feCoMP-CS -Enabled=true, and K=1
except with alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 2/4/8
antenna ports except with alter nativeCodebookEnabledCLASSB_K1=TRUE. The number of configured CSI-RS
resourcesin a CSl process K is defined in [3] and alternativeCodebookEnabledCLASSB K1 is configured by higher

layers[6].

Table5.2.2.6.1-1-1 and Table 5.2.2.6.1-1A-1 show the fields and the corresponding bit widths for the channel quality
information feedback for wideband reports for PDSCH transmissions associated with transmission mode 10 configured
with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘'CLASS B' with 2/4/8
antenna ports with K>1 and higher layer parameter feCoMP-CS -Enabled=true except with
alternativeCodeBookEnabledFor4TX-r12=TRUE. The number of configured CSI-RS resourcesin a CSl processK is
defined in [3].

Table5.2.2.6.1-1B-1 and Table 5.2.2.6.1-1B-2 show the fields and the corresponding bit widths for the channel quality
information feedback for wideband reports for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting with 4/8 antenna ports and higher layer parameter
advancedCodebookEnabled=TRUE.

Table 5.2.2.6.1-1B-3 shows the fields and the corresponding bit widths for the channel quality information feedback for
wideband reports for PDSCH transmissions associated with transmission mode 10 configured with PMI/RI reporting
and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with 4 antenna ports with K>1, and
higher layer parameter feCoMP-CS -Enabled=true with alter nativeCodeBookEnabledFor4TX-r12=TRUE. The humber
of configured CSI-RSresourcesin a CSl processK isdefined in [3].For Table 5.2.2.6.1-1-1, Table 5.2.2.6.1-1A-1 and
Table 5.2.2.6.1-1B-3, in the case of CRI=2, the rank value corresponds to RIO for codeword 0 and RI 1 for codeword 1.

Table5.2.2.6.1-1C and Table 5.2.2.6.1-1D show the fields and the corresponding bit widths for the channel quality
information feedback for wideband reports for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and higher layer parameter eMIMO-Type,
and eMIMO-Typeis set to 'CLASS A" except with advancedCodebookEnabled=TRUE.

Table5.2.2.6.1-1D-1 and Table 5.2.2.6.1-1D-2 show the fields and corresponding bit widths for the channel quality
information feedback for wideband reports for PDSCH transmissions associated with transmission mode 9/10
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configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and higher layer parameters
advancedCodebookEnabled and eMIMO-Type, and eMIMO-Typeis set to 'CLASS A' and
advancedCodebookEnabled=TRUE.

Table 5.2.2.6.1-1E shows the fields and corresponding bit widths for the channel quality information feedback for
wideband reports for PDSCH transmissions associated with transmission mode 9/10 configured with PMI/RI reporting
with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with K=1 and
higher layer parameter alter nativeCodebookEnabledCLASSB_K1=TRUE configured, and transmission mode 9/10
configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI
reporting with 2/4/8 antenna ports and higher layer parameter alternativeCodebookEnabledCLASSB K1=TRUE.

For Table 5.2.2.6.1-1, Table 5.2.2.6.1-1-1, Table 5.2.2.6.1-1A, Table 5.2.2.6.1-1A-1, Table 5.2.2.6.1-1B, Table
5.2.26.1-1B-1, Table 5.2.2.6.1-1B-2, Table 5.2.2.6.1-1B-3, Table 5.2.2.6.1-1C, Table 5.2.2.6.1-D, Table 5.2.2.6.1-1D-
1, Table5.2.2.6.1-1D-2 and Table 5.2.2.6.1-1E, N isdefined in subclause 7.2 of [3]. For Table 5.2.2.6.1-1B-1, Table
5.2.2.6.1-1B-2, Table 5.2.2.6.1-1C, Table 5.2.2.6.1-D, Table 5.2.2.6.1-1D-1 and Table 5.2.2.6.1-1D-2, the codebook

configuration ( N;,N,,O, OZ) isdefined in [3], and CodebookConfig is configured by higher layers[6]. The

o, O
parameters (S,,'S, ) inrank 3 and 4 are defined as (S, S, )= (1, 1) for CodebookConfig=1, (S,, S, )= (?1 ,72)

O O
for CodebookConfig=2, (S,, S, )= (01 : 72} for CodebookConfig=3, (S,,S, )= (Ol : sz for
CodebookConfig=4. The parameters (S;, S, ) inrank 5to 8 are defined as (S,, S, ) = (1, 1) for CodebookConfig=1,
O O
(S.,S,)= (71 ,sz for CodebookConfig=2/3/4. The parameters (L,, L, ) are defined as L, = min{4, N, } and

L,=2for Ny>N,and N, #1, L, =2 and L, =min{4,N,} for N, <N, and N, #1, and
L, =min{8,N,} and L, =1 for N, =1.

Table 5.2.2.6.1-1: Fields for channel quality information feedback for wideband CQI and subband PMI
reports (transmission mode 4, transmission mode 6, transmission mode 8 configured with PMI/RI
reporting except with alternativeCodeBookEnabledFordTX-r12=TRUE, transmission mode 9
configured with PMI/RI reporting with 2/4 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE or advancedCodebookEnabled=TRUE, transmission
mode 10 configured with PMI/RI reporting with 2/4 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE or advancedCodebookEnabled=TRUE, and
transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter eMIMO-Type,
and eMIMO-Type is set to 'CLASS B’ with 2/4 antenna ports with K>1 except with feCoMP-CSI-
Enabled=true, and K=1 except with alternativeCodebookEnabledCLASSB_K1=TRUE, except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 2/4 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE or
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank >1
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 0 4 0 4
Precoding matrix indicator 2N N 4N 4N
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Table 5.2.2.6.1-1-1: Fields for channel quality information feedback for wideband CQI and subband
PMI reports (transmission mode 10 configured with PMI/RI reporting and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with 2/4 antenna ports with K>1 and higher layer
parameter feCoMP-CSI-Enabled=true except with alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width for CRI=0 or 1
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank >1
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 0 4 0 4
Precoding matrix indicator 2N N 4N 4N
Bit width for CRI=2
Field 2 antenna ports 4 antenna ports
Rank=1 | Rank=2 | Rank =1 | Rank > 1
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 4 4 4 4
Precoding matrix indicator codeword 0 2N N 4N 4N
Precoding matrix indicator codeword 1 2N N 4N 4N

Table 5.2.2.6.1-1A: Fields for channel quality information feedback for wideband CQI and subband
PMI reports (transmission mode 9 configured with PMI/RI reporting with 8 antenna ports except with
advancedCodebookEnabled=TRUE, transmission mode 10 configured with PMI/RI reporting with 8
antenna ports except with advancedCodebookEnabled=TRUE, transmission mode 9/10 configured
with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B'
with 8 antenna ports with K>1 except with feCoMP-CSI-Enabled=true, and K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 8 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE)

Field Bit width
Rank =1 Rank =2 Rank =3 Rank =4
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 0 4 4 4
Wideband first PMI i1 4 4 2 2
Subband second PMI i2 4N 4N 4N 3N
Field Bit width
Rank =5 Rank =6 Rank =7 Rank =8
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 4 4 4 4
Wideband first PMI il 2 2 2 0
Subband second PMI i2 0 0 0 0

Table 5.2.2.6.1-1A-1: Fields for channel quality information feedback for wideband CQI and subband
PMI reports (transmission mode 10 configured with PMI/RI reporting and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with 8 antenna ports with K>1 and higher layer

parameter feCoMP-CSI-Enabled=true)

Field Bit width for CRI=0 or 1
Rank=1 | Rank=2 | Rank =3 | Rank = 4
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Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 0 4 4 4

Wideband first PMI i1 4 4 2 2
Subband second PMI i2 4N AN 4N 3N
Field Bit width for CRI=0 or 1
Rank=5 | Rank=6 | Rank=7 | Rank =8
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 4 4 4 4
Wideband first PMI i1 2 2 2 0
Subband second PMI i2 0 0 0 0
Field Bit width for CRI=2
Rank=1 | Rank=2 | Rank=3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 4 4 4 4
Wideband first PMI i1 codeword O 4 4 2 2
Subband second PMI i2 codeword 0 4N 4N 4N 3N
Wideband first PMI i1 codeword 1 4 4 2 2
Subband second PMI i2 codeword 1 4N AN 4N 3N

Table 5.2.2.6.1-1B: Fields for channel quality information feedback for wideband CQI and subband
PMI reports with 4 antenna ports (transmission mode 8, transmission mode 9 and transmission mode
10 configured with PMI/RI reporting, 4 antenna ports and alternativeCodeBookEnabledFor4TX-
r12=TRUE, transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with 4 antenna ports with K>1 except with feCoMP-
CSl-Enabled=true, and K=1 except with alternativeCodebookEnabledCLASSB_K1=TRUE, with
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 4 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE, with

alternativeCodeBookEnabledFor4TX-r12=TRUE)

. Bit width
Field
Rank =1 Rank =2 Rank =3 Rank =4
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 0 4 4 4
Wideband first PMI il 4 4 0 0
Subband second PMI i2 4N 4N 4N 4N

Table 5.2.2.6.1-1B-1: Fields for channel quality information feedback for wideband CQI and subband
PMI reports (transmission mode 9/10 configured with PMI/RI reporting with 4 antenna ports and

higher layer parameter advancedCodebookEnabled=TRUE)

Field

Bit width

Rank =1

Rank =2

Rank

=3

Rank =

4

Wideband CQI codeword 0

4

4 4

4

Wideband CQI codeword 1

Wideband first PMI i1,1-1

Wideband first PMI i1,2-1

Wideband first PMI i1,1-2

Wideband first PMI i1,2-2

Wideband first PMI i1,p-2

N|O|O|O|W|O

N|[O|Oo|o|w]|~
ol|o|o|o|o|~

ol|o|o|o|o|~

Subband second PMI i2

12N
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Table 5.2.2.6.1-1B-2: Fields for channel quality information feedback for wideband CQI and subband
PMI reports (transmission mode 9/10 configured with PMI/RI reporting with 8 antenna ports and
higher layer parameter advancedCodebookEnabled=TRUE)

Field Bit width
Rank =1 Rank =2 Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 0 4 4 4
Wideband first PMI i1,1-1 | [10g,(N,O,)] | [log,(N,0,)] 2 2
Wideband first PMI i1,2-1 0 0 0 0
Wideband first PMIi1,1-2 | [log,(L,) | [log,(L,) ] 0 0
Wideband first PMI i1,2-2 0 0 0 0
Wideband first PMI i1,p-2 2 2 0 0
Subband second PMI i2 6N 12N 4N 3N
Field Bit width
Rank =5 Rank =6 Rank =7 | Rank =8
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 4 4 4 4
Wideband first PMI i1,1-1 2 2 2 0
Wideband first PMI i1,2-1 0 0 0 0
Wideband first PMI i1,1-2 0 0 0 0
Wideband first PMI i1,2-2 0 0 0 0
Wideband first PMI i1,p-2 0 0 0 0
Subband second PMI i2 0 0 0 0

Table 5.2.2.6.1-1B-3: Fields for channel quality information feedback for wideband CQI and subband

PMI reports with 4 antenna ports (transmission mode 10 configured with PMI/RI reporting and higher

layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with 4 antenna ports with K>1, and
higher layer parameter feCoMP-CSI-Enabled=true with alternativeCodeBookEnabledFor4TX-

r12=TRUE)
Field Bit width for CRI=0 or 1
Rank=1 | Rank=2 | Rank=3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 0 4 4 4
Wideband first PMI il 4 4 0 0
Subband second PMI i2 4N 4N 4N 4N
Field Bit width for CRI=2
Rank=1 | Rank=2 | Rank=3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 4 4 4 4
Wideband first PMI i1 codeword 0 4 4 0 0
Subband second PMI i2 codeword O 4N 4N 4N 4N
Wideband first PMI i1 codeword 1 4 4 0 0
Subband second PMI i2 codeword 1 4N 4N 4N 4N
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Table 5.2.2.6.1-1C: Fields for channel quality information feedback for wideband CQI and subband
PMI reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to 'CLASS A' with codebook configuration (N,N,,Q,Q) and

CodebookConfig=1, except with advancedCodebookEnabled=TRUE)

Field Bit width
Rank =1 Rank =2 Rank =3 Rank =4
Wideband
CQl 4 4 4 4
codeword 0
Wideband
CQl 0 4 4 4
codeword 1
i o) o) 9-
fiygtlcljven\k;?inlo,ll [10g, (N, )] [1og,(N,0y )] {'09 ( 1 1{ L 8 Jm (Iog{ 1 1X[2+L SNZJm
Wideband
firstl peM|aP1,2 |_IOQZ(N202 )-‘ ’_IOQZ(NZOZ )-| l]ng )—I Irlogz ( Nzoz)—l
Subband
second PMI 2N 2N N N
i2
Field Bit width
e Rank =5 Rank =6 Rank =7 Rank =8
Wideband
cQl 4 4 4 4
codeword 0
Wideband
cal 4 4 4 4
codeword 1
Wi
ot e | 1109 (NO,/S)] [[log, (NO,/S)]|  [log,(NO,/S)] | [log,(NO/S)]
ideband
geberd | [109. (N.0,/8,)] [[10g. (N.0,/S)]  [log,(N.0,/8,)] [ [log,(N.0,/8,)]
Subband
second PMI 0 0 0 0
i2
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Table 5.2.2.6.1-1D: Fields for channel quality information feedback for wideband CQI and subband
PMI reports (transmission mode 9/10 configured with higher layer parameter eMIMO-Type, and
eMIMO-Type is set to 'CLASS A' with codebook configuration (N,N,,Q,0) and CodebookConfig=2/3/4,

except with advancedCodebookEnabled=TRUE)

Field

Bit width

Rank =1

Rank =2

Rank =3

Rank =4

Wideband
cQl
codeword
0

Wideband
CQl
codeword
1

Wideband
first PMI
i1,1

ﬂ 09, (N0, / 2)1

ﬂ 09, (N0, / Zﬂ

o 4252 23]

Wideband
first PMI
i1,2

ﬂ 0g,(N,0,/ Zﬂ

ﬂ 0g,(N,O, / Zﬂ

(2

Subband
second
PMI i2

4N

4N

3N

Field

Bit width

Rank =5

Rank =6

Rank =7

Rank= 8

Wideband
CQl
codeword
0

Wideband
CQl
codeword
1

Wideband
first PMI
i1,1

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

[10g, (N,O,/S)]

[10g, (N,O,/S)]

[1og, (N,O,/S)]

Wideband
first PMI
i1,2

’_|092(N202 / Sz)—|

|_|092 ( N,O, / Sz)—‘

|_|092 ( N,O, / Sz)—‘

|_|092 ( N,O, / Sz)—‘

Subband
second
PMI i2
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Table 5.2.2.6.1-1D-1: Fields for channel quality information feedback for wideband CQI and subband

PMI reports (transmission mode 9/10 configured with higher layer parameters

advancedCodebookEnabled and eMIMO-Type, and advancedCodebookEnabled= TRUE and eMIMO-
Type is set to 'CLASS A" with codebook configuration (N,N,,Q,0) and CodebookConfig=1)

Field

Bit width

Rank =1

Rank =2

Rank =3

Rank =4

Wideband
CQl
codeword
0

Wideband
CQl
codeword
1

Wideband
first PMI
i1,1-1

|_| 0g,(N;O; )-‘

’_l 092(N101)-|

)

)

Wideband
first PMI
i1,2-1

|_| 0g,(N,0, )-‘

’_I 0g,(N,0, )-|

[1og, (N,0,)

[1og, (N,0,) ]

Wideband
first PMI
i1,1-2

[log,(L,) |

[log,(L,) |

Wideband
first PMI
i1,2-2

[log,(L,) ]

[log,(L,)]

Wideband
first PMI
i1,p-2

Subband
second
PMI i2

6N

12N

Field

Bit width

Rank =5

Rank =6

Rank =7

Rank =8

Wideband
Cql
codeword
0

Wideband
CQl
codeword
1

Wideband
first PMI
i1,1-1

[1og, (N,O,/S)]

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

[1og, (N,O,/S)]

[1og, (N,O,/S)]

Wideband
first PMI
i1,2-1

|_|ng ( N,O, / Sz)—‘

’_|092(N202 / Sz)—|

|_|ng ( N,O, / Sz)—‘

|_|ng ( N,O, / Sz)—‘

Wideband
first PMI
i1,1-2

Wideband
first PMI
i1,2-2

Wideband
first PMI
i1,p-2

Subband
second
PMI i2
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Table 5.2.2.6.1-1D-2: Fields for channel quality information feedback for wideband CQI and subband

PMI reports (transmission mode 9/10 configured with higher layer parameters

advancedCodebookEnabled and eMIMO-Type, and advancedCodebookEnabled= TRUE and eMIMO-
Type is set to 'CLASS A" with codebook configuration (N,N,,Q,0) and CodebookConfig=2/3/4)

Field

Bit width

Rank =1

Rank =2

Rank =3

Rank =4

Wideban
d CcQl
codeword
0

Wideban
d CQl
codeword
1

Wideban
d first
PMIi1,1-
1

ﬂ 09; (Nlol)—‘

ﬂ 00; (Nlol)—‘

]

9-N,

[ 225

l

Wideban
d first
PMI i1,2-
1

ﬂ 0g,(N,0, ﬂ

ﬂ 0g,(N,0, ﬂ

NZOZ
log,
I’ ( SZ

)

o[

Wideban
d first
PMIi1,1-
2

[log,(L,) |

[log,(L,) |

Wideban
d first
PMI i1,2-
2

[log,(L,)]

[log,(L,)]

Wideban
d first
PMI i1,p-
2

Subband
second
PMI i2

6N

12N

4N

3N

Field

Bit width

Rank =5

Rank = 6

Rank =7

Rank =8
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Wideban
d CcQl
codeword
0
Wideban
d CQl
codeword
1
Wideban

oy | 109, (NO,/S)] [[1og, (NO/S)]|  [log, (NO/S)] [log, (NO,/S)]
1
Wideban

P'(\:i/"fliritz_ (lng(NzoZ/Szﬂ Dng(NzOz/Sz) (lng(NzoZ/Szﬂ |_|092(N202/Sz)—‘
1
Wideban
d first
PMIi1,1-
2
Wideban
d first
PMI i1,2-
2
Wideban
d first
PMI i1,p-
2
Subband
second 0 0 0 0
PMI i2

Table 5.2.2.6.1-1E: Fields for channel quality information feedback for wideband CQI and subband
PMI reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with 2/4/8 antenna ports with K=1 with
alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 2/4/8 antenna ports and higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank =2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4 4 4
Wideband CQI codeword 1 0 4 0 4 4 4
Precoding matrix indicator 2N N 3N 3N 2N N
Bit width
Field 8 antenna ports
Rank =1 | Rank =2 | Rank =3 | Rank =4 Rank =5~8
Wideband CQI codeword 0 4 4 4 4 4
Wideband CQI codeword 1 0 4 0 4 4
Precoding matrix indicator 4N 4N 4N 3N 0

If the parameter CQI-ReportModeAperiodic is configured to the value of rm10-v13xy by higher layers[6], the fields and
the corresponding bit widths for channel quality information and rank indication feedback are described as below.

Table 5.2.2.6.1-1F shows the fields and the corresponding bit width for the channel quality information feedback for
higher layer configured report for PDSCH transmissions associated with transmission mode 1, transmission mode 2,
transmission mode 3, transmission mode 7, transmission mode 8 configured without PMI/RI reporting, transmission
mode 9 configured without PMI/RI reporting or configured with 1 antenna port, and transmission mode 10 configured
without PMI/RI reporting or configured with 1 antenna port except with feCoMP-CS -Enabled=true.
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Table5.2.2.6.1-1F-1 shows the fields and the corresponding bit width for the channel quality information feedback for
higher layer configured report for PDSCH transmissions associated with transmission mode 10 configured without
PMI/RI reporting or configured with 1 antenna port and higher layer parameter feCoMP-CSl-Enabled=true.

Table 5.2.2.6.1-1G shows the fields and the corresponding bit width for the channel quality information feedback for
higher layer configured report for PDSCH transmissions associated with transmission mode 9/10 configured without
PMI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with 2/4/8 antenna ports
except with feCoMP-CS -Enabled=true, and transmission mode 9/10 configured with higher layer parameter eMIMO-
Type and eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B' with 2/4/8 antenna ports without PMI reporting.

Table 5.2.2.6.1-1G-1 shows the fields and the corresponding bit width for the channel quality information feedback for
higher layer configured report for PDSCH transmissions associated with transmission mode 10 configured without PMI
reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with 2/4/8 antenna ports and
higher layer parameter feCoMP-CS -Enabled=true.

For Table 5.2.2.6.1-1F-1 and Table 5.2.2.6.1-1G-1, in the case of CRI=2, the rank value corresponds to RIO for
codeword 0 and RI1 for codeword 1.

Table 5.2.2.6.1-1F: Fields for channel quality information feedback for wideband CQI reports
(transmission mode 1, transmission mode 2, transmission mode 3, transmission mode 7,
transmission mode 8 configured without PMI/RI reporting, transmission mode 9 configured without
PMI/RI reporting or configured with 1 antenna port, and transmission mode 10 configured without
PMI/RI reporting or configured with 1 antenna port except with feCoMP-CSI-Enabled=true)

Field Bit width
Wide-band CQI 4

Table 5.2.2.6.1-1F-1: Fields for channel quality information feedback for wideband CQI reports
(transmission mode 10 configured without PMI/RI reporting or configured with 1 antenna port and
higher layer parameter feCoMP-CSI-Enabled=true)

Field Bit width for CRI=0 or 1
Wide-band CQI 4
Field Bit width for CRI=2
Wide-band CQI codeword 0 4
Wide-band CQI codeword 1 4

Table 5.2.2.6.1-1G: Fields for channel quality information feedback for wideband CQI reports
(transmission mode 9/10 configured without PMI reporting and higher layer parameter eMIMO-Type,
and eMIMO-Type is set to 'CLASS B’ with 2/4/8 antenna ports except with feCoMP-CSI-Enabled=true,
and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-TypeZ2,

and eMIMO-Type2 is set to 'CLASS B’ with 2/4/8 antenna ports without PMI reporting)

Field Bit width
Rank =1 | Rank > 1
Wide-band CQI codeword O 4 4
Wide-band CQI codeword 1 0 4
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Table 5.2.2.6.1-1G-1: Fields for channel quality information feedback for wideband CQI reports
(transmission mode 10 configured without PMI reporting and higher layer parameter eMIMO-Type,
and eMIMO-Type is set to 'CLASS B' with 2/4/8 antenna ports and higher layer parameter feCoMP-

CSl-Enabled=true)

Field Bit width for CRI=0 or 1
Rank =1 Rank > 1
Wide-band CQI codeword 0 4 4
Wide-band CQI codeword 1 0 4
Field Bit width for CRI=2
Rank =1 Rank > 1
Wide-band CQI codeword 0 4 4
Wide-band CQI codeword 1 4 4

If the parameter CQI-ReportModeAperiodic is configured to the value of rm11-v13xx by higher layers[6], the fields and
the corresponding bit widths for channel quality information and rank indication feedback are described as below.

Table5.2.2.6.1-1H, Table 5.2.2.6.1-11 and Table 5.2.2.6.1-1J show the fields and the corresponding bit widths for the
channel quality information feedback for higher layer configured report for PDSCH transmissions associated with
transmission mode 4, transmission mode 5, transmission mode 6, transmission mode 8 configured with PMI/RI
reporting, transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports, transmission mode 10
configured with PMI/RI reporting with 2/4/8 antenna ports, transmission mode 9/10 configured with PMI/RI reporting
with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with K>1
except with feCoMP-CS -Enabled=true, and K=1 except with alternativeCodebookEnabledCLASSB_K1=TRUE, and
transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2
configured with PMI/RI reporting with 2/4/8 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE. The number of configured CSI-RS resourcesin a CSl processK is
defined in [3] and alter nativeCodebookEnabledCLASSB K1 is configured by higher layers[6].

Table5.2.2.6.1-1H-1, Table 5.2.2.6.1-11-1 show the fields and the corresponding bit width for the channel quality
information feedback for higher layer configured report for PDSCH transmissions associated with transmission mode
10 configured with PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-
Typeisset to 'CLASS B' with K>1 and higher layer parameter feCoMP-CSl -Enabled=true, except with
alternativeCodeBookEnabledFor4TX-r12=TRUE. The number of configured CSI-RS resourcesin a CSl processK is
defined in [3].

Table5.2.2.6.1-1J1 and Table 5.2.2.6.1-1J-2 show the fields and the corresponding bit widths for the channel quality
information feedback for higher layer configured report for PDSCH transmissions associated with transmission mode
9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and higher layer parameter eMIMO-
Type, and eMIMO-Typeisset to'CLASS A'.

Table 5.2.2.6.1-13-3 shows the fields and the corresponding bit widths for the channel quality information feedback for
higher layer configured report for PDSCH transmissions associated with transmission mode 9/10 configured with
PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS
B’ with K=1 and alter nativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 2/4/8
antenna ports and higher layer parameter alter nativeCodebookEnabledCLASSB K1=TRUE.

Table 5.2.2.6.1-1J-4 shows the fields and the corresponding bit width for the channel quality information feedback for
higher layer configured report for PDSCH transmissions associated with transmission mode 10 configured with PMI/RI
reporting with 4 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with
K>1 and higher layer parameter feCoMP-CS -Enabled=true with alter nativeCodeBookEnabledFor4TX-r12=TRUE.
The number of configured CSI-RS resourcesin a CSl process K isdefined in [3].

For Table 5.2.2.6.1-1H-1, Table 5.2.2.6.1-11-1 and Table 5.2.2.6.1-1J-4, in the case of CRI=2, the rank value
corresponds to RIO for codeword 0 and RI1 for codeword 1.

Table5.2.2.6.1-1K-1 and Table Table 5.2.2.6.1-1K-2 show the fields and the corresponding bit widths for channel
quality information feedback for higher layer configured report for PDSCH transmission associated with transmission
mode 9/10 configured with higher layer parameters semi OpenLoop and eMIMO-Type, and eMIMO-Typeis set to
'CLASS B' with 2/4/8 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE.

Table5.2.2.6.1-1K-3 and Table 5.2.2.6.1-1K-4 show the fields and the corresponding bit widths for channel quality
information feedback for higher layer configured report for PDSCH transmission associated with transmission mode
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9/10 configured with higher layer parameters semi OpenLoop and eMIMO-Type, and eMIMO-Typeis set to 'CLASS A'
with codebook configuration (N,,N,,Q,Q,).

For Table 5.2.2.6.1-1H, Table 5.2.2.6.1-1I, Table 5.2.2.6.1-1J, Table 5.2.2.6.1-1J-1, Table 5.2.2.6.1-1J-2 and Table
5.2.2.6.1-13-3, N isdefined in subclause 7.2 of [3]. For Table 5.2.2.6.1-1J-1, Table 5.2.2.6.1-13-2, Table 5.2.2.6.1-1K-

3, Table 5.2.2.6.1-1K-4 and Table 5.2.2.6.1-1K-5, the codebook configuration (N,, N,,O,,0,) isdefinedin[3], and
CodebookConfig is configured by higher layers[6]. The parameters (Sl, Sz) inrank 1 and rank 2 are defined as
(S,,S,)=(L1) for CodebookConfig=1and (S,,'S, )= (2, 2) for CodebookConfig =2, 3 and 4. The parameters

(S,,S,) inrank 3and 4 are defined as (S,, S, ) = (1, 1) for CodebookConfig=1, (S;,S, )= (% ,%j for

O O
CodebookConfig=2, (S,, S, )= (Ol : éj for CodebookConfig=3, (S,, S, )= (Ol : sz for CodebookConfig=4.
The parameters (S, S, ) inrank 5to 8 are defined as (S;, S, ) = (1, 1) for CodebookConfig=1,

O, O
(S.,S,)= [71 ,sz for CodebookConfig=2/3/4.

Table 5.2.2.6.1-1H: Fields for channel quality information feedback for wideband CQI reports
(transmission mode 4, transmission mode 5, transmission mode 6, transmission mode 8 configured
with PMI/RI reporting except with alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission
mode 9 configured with PMI/RI reporting with 2/4 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 10 configured with PMI/RI
reporting with 2/4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE,
transmission mode 9/10 configured with PMI/RI reporting with 2/4 antenna ports and higher layer
parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1 except with feCoMP-CSI-
Enabled=true, and K=1 except with alternativeCodebookEnabledCLASSB_K1=TRUE, except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 2/4 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE or
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank=1 | Rank=2 | Rank =1 | Rank > 1
Wide-band CQI codeword 0 4 4 4 4
Wide-band CQI codeword 1 0 4 0 4
Precoding matrix indicator 2 1 4 4
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Table 5.2.2.6.1-1H-1: Fields for channel quality information feedback for wideband CQI reports
(transmission mode 10 configured with PMI/RI reporting with 2/4 antenna ports and higher layer
parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1 and higher layer parameter
feCoMP-CSI-Enabled=true except with alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width for CRI=0 or 1
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank >1
Wide-band CQI codeword 0 4 4 4 4
Wide-band CQI codeword 1 0 4 0 4
Precoding matrix indicator 2 1 4 4
Bit width for CRI=2
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank >1
Wide-band CQI codeword 0 4 4 4 4
Wide-band CQI codeword 1 4 4 4 4
Precoding matrix indicator codeword O 2 1 4 4
Precoding matrix indicator codeword 1 2 1 4 4

Table 5.2.2.6.1-11: Fields for channel quality information feedback for wideband CQI reports
(transmission mode 9 configured with PMI/RI reporting with 8 antenna ports, transmission mode 10
configured with PMI/RI reporting with 8 antenna ports, transmission mode 9/10 configured with
PMI/RI reporting with 8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is
set to 'CLASS B' with K>1 except with feCoMP-CSI-Enabled=true, and K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 8 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE)

Field Bitwidth
Rank =1 | Rank =2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 0 4 4 4
Wideband first PMI i1 4 4 2 2
Wideband second PMI i2 4 4 4 3
Field Bitwidth
Rank =5 | Rank =6 | Rank =7 | Rank =8
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 4 4 4 4
Wideband first PMI il 2 2 2 0
Wideband second PMI i2 0 0 0 0

Table 5.2.2.6.1-11-1: Fields for channel quality information feedback for wideband CQI reports
(transmission mode 10 configured with PMI/RI reporting with 8 antenna ports and higher layer
parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1 and higher layer parameter
feCoMP-CSI-Enabled=true)

Bitwidth for CRI=0 or 1
Rank =1 [ Rank =2 [ Rank =3 | Rank =4

Field
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Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 0 4 4 4

Wideband first PMI il 4 4 2 2
Wideband second PMI i2 4 4 4 3
Field Bitwidth for CRI=0 or 1
Rank =5 | Rank =6 | Rank =7 | Rank =8
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 4 4 4 4
Wideband first PMI i1 2 2 2 0
Wideband second PMI i2 0 0 0 0
Field Bitwidth for CRI=2
Rank =1 | Rank =2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 4 4 4 4
Wideband first PMI i1 codeword O 4 4 2 2
Wideband second PMI i2 codeword O 4 4 4 3
Wideband first PMI i1 codeword 1 4 4 2 2
Wideband second PMI i2 codeword 1 4 4 4 3

Table 5.2.2.6.1-1J: Fields for channel quality information feedback for wideband CQI reports with 4
antenna ports (transmission modes 8, 9 and 10 configured with PMI/RI reporting, 4 antenna ports and
alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 9/10 configured with PMI/RI
reporting with 4 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to
'CLASS B' with K>1 except with feCoMP-CSI-Enabled=true, and K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE, with alternativeCodeBookEnabledFor4TX-
r12=TRUE, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 4 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE, with alternativeCodeBookEnabledFor4TX-

r12=TRUE)
Field Bitwidth
Rank =1 | Rank=2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 0 4 4 4
Wideband first PMI i1 4 4 0 0
Wideband second PMI i2 4 4 4 4

Table 5.2.2.6.1-1J-1: Fields for channel quality information feedback for wideband CQI reports
(transmission mode 9/10 configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set
to 'CLASS A' with codebook configuration (N,N,,Q,0) and CodebookConfig=1)

Bit width
Rank =2 | Rank =3 |

Rank =1 Rank =4
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Table 5.2.2.6.1-1J-2: Fields for channel quality information feedback for wideband CQI reports
(transmission mode 9/10 configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set
to '"CLASS A' with codebook configuration (N,N,,Q,0) and CodebookConfig=2/3/4)

Field Bit width
Rank =1 Rank =2 Rank =3 Rank =4
Wideband
CQI codeword 4 4 4 4
0
Wideband
CQI codeword 0 4 4 4
1
Wideband fi N,O; 9-N, N0, 9-N,
e | oa a2l | Nona | mf 0o ] [Jm{9C-])
Wideband fi N, O N.O
IPerlinl,zIrSt ’_|092(N202/2)—| ’_|ng(N202/2)—| Png[ éz zj—‘ {'092[ éz zj—‘
Wideband
second PMI i2 4 4 4 3
] Bit width
Fele Rank =5 Rank = 6 Rank =7 Rank =8
Wideband
CQI codeword 4 4 4 4
0
Wideband
CQI codeword 4 4 4 4
1
Wideband fi
aebard st | Tiog, (NG, /S)] |[log, (NO/S)]| [log,(NO,/S)] | [log,(NG/S)]
Wideband fi
IPeMiaPllzlrSt ’_IOgZ(NZOZ/SZ)—| ’_IOgZ(NZOZ/SZ)—| |_|092(N202/SZ)—‘ |_|092(N202/SZ)—‘
Wideband
second PMI i2 0 0 0 0

Table 5.2.2.6.1-1J-3: Fields for channel quality information feedback for wideband CQI reports
(transmission mode 9/10 configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set
to 'CLASS B' with 2/4/8 antenna ports with K=1 and alternativeCodebookEnabledCLASSB_K1=TRUE,
and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2,

and eMIMO-Type2 configured with PMI/RI reporting with 2/4/8 antenna ports and higher layer
parameter alternativeCodebookEnabledCLASSB_K1=TRUE)

Field Bit width
2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank =2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4 4 4
Wideband CQI codeword 1 0 4 0 4 4 4
Precoding matrix indicator 2 1 3 3 2 1
Field Bit width
8 antenna ports
Rank =1 | Rank =2 | Rank =3 | Rank =4 | Rank =5to Rank =8
Wideband CQI codeword 0 4 4 4 4 4
Wideband CQI codeword 1 0 4 4 4 4
Precoding matrix indicator 4 4 4 3 0

ETSI



3GPP TS 36.212 version 15.2.1 Release 15 62 ETSI TS 136 212 V15.2.1 (2018-07)

Table 5.2.2.6.1-1J-4: Fields for channel quality information feedback for wideband CQI reports with 4
antenna ports (transmission mode 10 configured with PMI/RI reporting with 4 antenna ports and
higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1 and higher layer
parameter feCoMP-CSI-Enabled=true with alternativeCodeBookEnabledFor4TX-r12=TRUE)

Field Bitwidth for CRI=0 or 1
Rank =1 | Rank=2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 0 4 4 4
Wideband first PMI i1 4 4 0 0
Wideband second PMI i2 4 4 4 4
Field Bitwidth for CRI=2
Rank=1 | Rank=2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 4 4 4 4
Wideband first PMI i1 codeword 0 4 4 0 0
Wideband second PMI i2 codeword O 4 4 4 4
Wideband first PMI i1 codeword 1 4 4 0 0
Wideband second PMI i2 codeword 1 4 4 4 4

Table 5.2.2.6.1-1K-1: Fields for channel quality information feedback for wideband CQI reports
(transmission mode 9/10 configured with higher layer parameters semiOpenLoop and eMIMO-Type,
and eMIMO-Type is set to 'CLASS B' with 2/4 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE or alternativeCodeBookEnabledFor4TX-r12=TRUE)

. Bit width
AEe Rank =1 | Rank =2
Wide-band CQI codeword 0 4 4
Wide-band CQI codeword 1 0 4

Table 5.2.2.6.1-1K-2: Fields for channel quality information feedback for wideband CQI reports
(transmission mode 9/10 configured with higher layer parameters semiOpenLoop and eMIMO-Type,
and eMIMO-Type is set to 'CLASS B' with 4/8 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE, with alternativeCodeBookEnabledFor4TX-

r12=TRUE)
] Bitwidth
izl Rank =1 Rank =2
Wideband CQI codeword 0 4 4
Wideband CQI codeword 1 0 4
Wideband first PMI i1 4 4

Table 5.2.2.6.1-1K-3: Fields for channel quality information feedback for wideband CQI reports
(transmission mode 9/10 configured with higher layer parameters semiOpenLoop and eMIMO-Type,
and eMIMO-Type is set to 'CLASS A" with codebook configuration (N, N,,Q,0) and

CodebookConfig=1)

Field Bit width
Rank =1 Rank =2
Wideband CQI codeword 0 4 4
Wideband CQI codeword 1 0 4
Wideband first PMIi1,1 | [log,(N,O,)] [[1og,(N,O,)]
Wideband first PMIi1,2 | [l0g,(N,O,)] |[10g,(N,O,)]
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Table 5.2.2.6.1-1K-4: Fields for channel quality information feedback for wideband CQI reports
(transmission mode 9/10 configured with higher layer parameters semiOpenLoop and eMIMO-Type,
and eMIMO-Type is set to 'CLASS A" with codebook configuration (N, N,,Q,Q) and

CodebookConfig=2/3/4)

. Bit width
AEe Rank =1 Rank =2
Wideband CQI codeword 0 4 4
Wideband CQI codeword 1 0 4

Wideband first PMIi1,1 | [log,(N,O,/2)] {[log,(N,0,/2)]
Wideband first PMIi1,2 | [10g,(N,O,/2)] |[l0g,(N,0,/2)]

Table 5.2.2.6.1-1K-5 shows the fields and the corresponding bit widths for i1 for wideband CQI reports for PDSCH
transmissions associated with transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B', and eMIMO-Type is set to 'CLASS A' with 8/12/16/20/24/28/32
antenna ports, whereil is associated with Class A.

Table 5.2.2.6.1-1K-5: Fields for il feedback (transmission mode 9/10 configured with higher layer
parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type is set to 'CLASS A' with codebook
configuration (N,N,,Q,Q) , where il is associated with Class A)

Bit width
Field Max 1 or 2 layers Max 4 or 8 layers
Rank =1 Rank =1 Rank =3
Wideband
first PMI [log,(N,0,/S))] [log,(N,0,/S))] {Iog{hglol{%f_smﬁﬂ
i1,1
Wideband
fst PMI [10g,(N,0, /S,)] [10g,(N,0,/S,)] [10g,(N,0,/S,)]
i1,

Table 5.2.2.6.1-2 shows the fields and the corresponding bit width for the rank indication feedback for wideband CQI
reports for PDSCH transmissions associated with transmission mode 3, transmission mode 4, transmission mode 8
configured with PMI/RI reporting, transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports,
transmission mode 10 configured with PMI/RI reporting with 2/4/8 antenna ports, transmission mode 9/10 configured
with PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to
'CLASS B' with K=1, transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter csi-RS
NZP-mode set to ‘'multi-shot’ with activatedResources=1 and more than one port for the activated CSI-RS resource,
transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter csi-RS-ConfigNZP-ApList, and
the higher layer parameter csi-RS-NZP-mode is set to ‘aperiodic’ and more than one port for the activated CSI-RS
resource, transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and
eMIMO-Type2 configured with PMI/RI reporting with 2/4/8 antenna ports, and rank indication is associated with
eMIMO-Type2, transmission mode 9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and
higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A', and transmission mode 9/10 configured
without PMI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with K=1 with
2/4/8 antenna ports, transmission mode 9/10 configured without PM|I reporting and higher layer parameter csi-RS-NZP-
mode set to 'multi-shot' and with activatedResources=1 and more than one port for the activated CSI-RS resource,
transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter csi-RS-ConfigNZP-ApList and the
higher layer parameter csi-RS-NZP-mode is set to 'aperiodic’ and more than one port for the activated CSI-RS resource,
and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-
Type2 configured without PMI reporting with 2/4/8 antenna ports, and rank indication is associated with eMIMO-Type2.

Table 5.2.2.6.1-2A shows the fields and the corresponding bit width for the CRI feedback for wideband CQI reports for
PDSCH transmissions associated with transmission mode 9/10 configured with PMI/RI reporting for Class B CSl
reporting with K>1 CSI-RS resources except with feCoMP-CSl -Enabled=true and one port per CSI-RS resource except
with higher layer parameter csi-RS-NZP-mode configured, and transmission mode 9/10 configured with higher layer
parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to 'CLASS B' with K>1, where CRI is associated
with the eMIMO-Type.
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Table 5.2.2.6.1-2B shows the fields and the corresponding bit width for the joint CRI and RI feedback for wideband
CQl reports for PDSCH transmissions associated with transmission mode 9/10 configured without PMI reporting and
higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with K>1 except with feCoMP-CS -
Enabled=true, and except with higher layer parameter csi-RS-NZP-mode configured, and transmission mode 9/10
configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with
K>1 CSI-RS resources except with feCoMP-CSl -Enabled=true and more than one port for at least one CSI-RS resource
except with higher layer parameter csi-RS-NZP-mode configured.

Table 5.2.2.6.1-2C shows the fields and the corresponding bit width for the CRI feedback for wideband CQI reports for
PDSCH transmissions associated with transmission mode 9/10 configured with PMI/RI reporting and the higher layer
parameter csi-RS-NZP-modeis set to 'multi-shot' with activatedResources>1 and one port per activated CSI-RS
resource except with feCoMP-CS-Enabled=true. N is the value of higher layer parameter activatedResources.

Table 5.2.2.6.1-2D shows the fields and the corresponding bit width for the joint CRI and RI feedback for wideband
CQl reports for PDSCH transmissions associated with transmission mode 9/10 configured without PMI reporting and
higher layer parameter csi-RS-NZP-mode is set to 'multi-shot' with activatedResources>1 and more than one port for at
least one activated CSI-RS resource except with feCoMP-CSl-Enabled=true, and transmission mode 9/10 configured
with PMI/RI reporting and the higher layer parameter csi-RS-NZP-modeis set to 'multi-shot' with activatedResources>1
and more than one port for at least one activated CSI-RS resource except with feCoMP-CS-Enabled=true. N isthe
value of higher layer parameter activatedResour ces.

Table 5.2.2.6.1-2E shows the fields and the corresponding bit width for the rank indication feedback for wideband CQI
reports for PDSCH transmissions associated with transmission mode 9/10 configured with higher layer parameter
eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to 'CLASS A' and eMIMO-Type2 is set to 'CLASS B', where
rank indication is associated with the eMIMO-Type.

Table 5.2.2.6.1-2F shows the fields and the corresponding bit width for the joint CRI and RI feedback for wideband
CQl reports for PDSCH transmissions associated with transmission mode 10 configured without PMI reporting and
higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with K>1 and higher layer parameter
feCoMP-C3l -Enabled=true except with higher layer parameter csi-RS-NZP-mode configured, transmission mode 10
configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with
K>1 CSI-RS resources and more than one port for at least one CSI-RS resource and higher layer parameter feCoMP-
CS-Enabled=true, transmission mode 10 configured without PMI reporting and higher layer parameter csi-RS-NZP-
mode is set to 'multi-shot' with activatedResources>1 and more than one port for at least one activated CSI-RS resource
and higher layer parameter feCoMP-CSl-Enabled=true, and transmission mode 10 configured with PMI/RI reporting
and higher layer parameter csi-RSNZP-mode is set to 'multi-shot' with activatedResources>1 and more than one port
for at least one activated CSI-RS resource and higher layer parameter feCoMP-CS -Enabled=true. In the case of
CRI=2, Rank indication in Table 5.2.2.6.1-2F corresponds to { RIO, RI1}, where RIO is the rank indication for codeword
0 and RI1 isthe rank indication for codeword 1.

Table 5.2.2.6.1-2G shows the fields and the corresponding bit width for the CRI feedback for wideband CQI reports for
PDSCH transmissions associated with transmission mode 10 configured with PMI/RI reporting and higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with K>1 CSI-RS resources and one port for each CSI-
RS resource and higher layer parameter feCoMP-CS -Enabled=true, and transmission mode 10 configured with PMI/RI
reporting and higher layer parameter csi-RS-NZP-mode is set to 'multi-shot' with activatedResources>1 and one port per
activated CSI-RS resource and higher layer parameter feCoMP-CSl -Enabled=true.

ETSI



3GPP TS 36.212 version 15.2.1 Release 15 65 ETSI TS 136 212 V15.2.1 (2018-07)

Table 5.2.2.6.1-2: Fields for rank indication feedback for wideband CQI reports (transmission mode 3,
transmission mode 4, transmission mode 8 configured with PMI/RI reporting, transmission mode 9
configured with PMI/RI reporting with 2/4/8 antenna ports, transmission mode 10 configured with
PMI/RI reporting with 2/4/8 antenna ports, transmission mode 9/10 configured with PMI/RI or without
PMI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is
set to 'CLASS B' with K=1, transmission mode 9/10 configured with PMI/RI or without PMI reporting
and higher layer parameter csi-RS-NZP-mode is set to 'multi-shot’ with activatedResources=1 and
more than one port for the activated CSI-RS resource, transmission mode 9/10 configured with
PMI/RI reporting and higher layer parameter csi-RS-ConfigNZP-ApList and the higher layer parameter
csi-RS-NZP-mode is set to 'aperiodic’ and more than one port for the activated CSI-RS resource,
transmission mode 9/10 and higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-
Type2 configured with PMI/RI or without PMI reporting with 2/4/8 antenna ports and rank indication is
associated with eMIMO-Type2, and transmission mode 9/10 configured with PMI/RI reporting with
8/12/16/20/24/28/32 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to

'CLASS A)
Bit width
Field 2 antenna 4 antenna ports 8/12/16/20/24/28/32 antenna ports
. Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
P layers layers layers layers layers
Rank
indication L L 2 L 2 3

Table 5.2.2.6.1-2A: Fields for CRI feedback for wideband CQI reports
(transmission mode 9/10 configured with PMI/RI reporting for Class B CSl reporting with K>1 CSI-RS
resources except with feCoMP-CSI-Enabled=true and 1 port per CSI-RS resource except with higher
layer parameter csi-RS-NZP-mode configured, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type is set to 'CLASS B' with K>1, where
CRIl is associated with the eMIMO-Type)

Field Bit width
K=2 K=3 and K=4 K=5to K=8
CRI 1 2 3

Table 5.2.2.6.1-2B: Fields for joint CRI and RI feedback for wideband CQI reports (transmission mode
9/10 configured without PMI reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is
set to 'CLASS B’ with K>1 except with feCoMP-CSI-Enabled=true, and except with higher layer
parameter csi-RS-NZP-mode configured, and transmission mode 9/10 configured with PMI/RI
reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1 CSI-
RS resources except with feCoMP-CSI-Enabled=true and >1 ports for at least one CSI-RS resource
except with higher layer parameter csi-RS-NZP-mode configured)

Bit width
" 4 antenna ports 8 antenna ports
Field 2 anot;etr;na Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
P layers layers layers layers layers
CRI [log, (K)] [log,(K)| | [log,(K)] | Tlog,(K)] | [log,(K)] | [log,(K)]
_ Rank 1 1 2 1 2 3
indication

Table 5.2.2.6.1-2C: Fields for CRI feedback for wideband CQI reports
(transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter csi-RS-NZP-
mode is set to 'multi-shot' with activatedResources>1 and 1 port per activated CSI-RS resource
except with feCoMP-CSI-Enabled=true)

) Bit width
FIEld =2 N=3and N=4
CRI 1 2
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Table 5.2.2.6.1-2D: Fields for joint CRI and RI feedback for wideband CQI reports (transmission mode
9/10 configured without PMI reporting and higher layer parameter csi-RS-NZP-mode is set to 'multi-
shot' with activatedResources>1 and more than one port for at least one activated CSI-RS resource

except with feCoMP-CSI-Enabled=true, and transmission mode 9/10 configured with PMI/RI reporting

and higher layer parameter csi-RS-NZP-mode is set to 'multi-shot' with activatedResources>1 and >1
ports for at least one activated CSI-RS resource except with feCoMP-CSI-Enabled=true)

Bit width
. 4 antenna ports 8 antenna ports
el 2 anc;[retr;na Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
P layers layers layers layers layers
CRI [log,(N)] | [log,(N)| | [log,(N)] | [log,(N)| | [log,(N)] | [log,(N)]
. Rank 1 1 2 1 2 3
indication

Table 5.2.2.6.1-2E: Fields for rank indication feedback for wideband CQI reports (transmission mode
9/10 and higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type set to 'CLASS A’
and eMIMO-Type2 is set to 'CLASS B', where rank indication is associated with the eMIMO-Type)

Bit width
Field 8/12/16/20/24/28/32 antenna ports
Max 1 or 2 layers | Max 4 or 8 layers
Rank indication 0 1

Table 5.2.2.6.1-2F: Fields for joint CRI and RI feedback for wideband CQI reports (transmission mode
10 configured without PMI reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set
to 'CLASS B' with K>1 and higher layer parameter feCoMP-CSI-Enabled=true except with higher layer
parameter csi-RS-NZP-mode configured, transmission mode 10 configured with PMI/RI reporting and
higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1 CSI-RS resources
and more than one port for at least one CSI-RS resource and higher layer parameter feCoMP-CSI-
Enabled=true, transmission mode 10 configured without PMI reporting and higher layer parameter
csi-RS-NZP-mode is set to 'multi-shot’ with activatedResources>1 and more than one port for at least
one activated CSI-RS resource and higher layer parameter feCoMP-CSI-Enabled=true, and
transmission mode 10 configured with PMI/RI reporting and higher layer parameter csi-RS-NZP-mode
is set to 'multi-shot' with activatedResources>1 and >1 ports for at least one activated CSI-RS
resource and higher layer parameter feCoMP-CSI-Enabled=true)

Bit width
" 4 antenna ports 8 antenna ports
el 2 anc}retrsma Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
P layers layers layers layers layers
CRI 2 2 2 2 2 2
_ Rank 2 2 4 2 4 4
indication

Table 5.2.2.6.1-2G: Fields for CRI feedback for wideband CQI reports (transmission mode 10
configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to
'‘CLASS B' with K>1 CSI-RS resources and one port for each CSI-RS resource and higher layer
parameter feCoMP-CSI-Enabled=true, and transmission mode 10 configured with PMI/RI reporting
and higher layer parameter csi-RS-NZP-mode is set to 'multi-shot’ with activatedResources>1 and 1
port per activated CSI-RS resource and higher layer parameter feCoMP-CSI-Enabled=true)

Field Bit width
CRI 2

The channel quality bitsin Table 5.2.2.6.1-1, Table 5.2.2.6.1-1-1, Table 5.2.2.6.1-1A, Table 5.2.2.6.1-1A-1, Table
5.2.2.6.1-1B, Table 5.2.2.6.1-1B-1, Table 5.2.2.6.1-1B-2, Table 5.2.2.6.1-1B-3, Table 5.2.2.6.1-1C, Table 5.2.2.6.1-1D,
Table5.2.2.6.1-1D-1, Table5.2.2.6.1-1D-2, Table 5.2.2.6.1-1E, Table 5.2.2.6.1-1F, Table 5.2.2.6.1-1F-1, Table
5.2.2.6.1-1G, Table5.2.2.6.1-1G-1, Table 5.2.2.6.1-1H, Table 5.2.2.6.1-1H-1, Table 5.2.2.6.1-1l, Table 5.2.2.6.1-1I-1,
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Table5.2.2.6.1-1J, Table 5.2.2.6.1-1J-1, Table5.2.2.6.1-1J-2, Table 5.2.2.6.1-13-3, Table 5.2.2.6.1-1J-4, Table
5.2.2.6.1-1K-1, Table 5.2.2.6.1-1K-2, Table 5.2.2.6.1-1K-3, Table 5.2.2.6.1-1K-4, Table 5.2.2.6.1-2B, and Table
5.2.2.6.1-2D, form the bit sequence 0y, 0, 0,,...,05_; With 0y corresponding to the first bit of the first field in the

table, o, corresponding to the second bit of thefirst field in the table, and 05_; corresponding to the last bit in the last

field in the table. The field of PMI shall be in the increasing order of the subband index [3]. Thefirst bit of each field
corresponds to MSB and the last bit LSB. The RI hits sequencein Table 5.2.2.6.1-2, Table 5.2.2.6.1-2B, Table
5.2.2.6.1-2D, Tahle 5.2.2.6.1-2E, Table 5.2.2.6.1-2F and the CRI sequencein Table 5.2.2.6.1-2A, Table 5.2.2.6.1-2C,
Table5.2.2.6.1-2G are encoded according to subclause 5.2.2.6.

For transmission mode 9/10 configured with Class B CSI reporting and K>1 except with feCoMP-CS -Enabled=true,
the number of antenna port in Table 5.2.2.6.1-2B (or Table 5.2.2.6.1-2F with feCoMP-CS -Enabled=true) refersto the
maximum number of antenna ports of K CSI-RS resources configured for the CSl-process for the UE.

For transmission mode 9/10 configured with Class B CSl reporting and K>1 except with feCoMP-CS -Enabled=true
and with activatedResources>1, the number of antenna port in Table 5.2.2.6.1-2D refers to the maximum number of
antenna ports of N CSI-RS resources activated for the CSl-process for the UE. N is the value of higher layer parameter
activatedResour ces.

For a UE configured with the higher layer parameter shortTTI, the entries associated with codeword 1 in Table
5.2.2.6.1-1, Table5.2.2.6.1-1A, Table 5.2.2.6.1-1B, Table 5.2.2.6.1-1B-1, Table 5.2.2.6.1-1B-2, Table 5.2.2.6.1-1C,
Table5.2.2.6.1-1D, Table 5.2.2.6.1-1D-1, Table 5.2.2.6.1-1D-2, Table 5.2.2.6.1-1E, Table 5.2.2.6.1-1G, Table
5.2.2.6.1-1H, Table5.2.2.6.1-1I, Table 5.2.2.6.1-1J, Table 5.2.2.6.1-1J1, Table 5.2.2.6.1-1J-2, Table 5.2.2.6.1-1J-3,
Table5.2.2.6.1-1K-1, Table 5.2.2.6.1-1K-2, Table 5.2.2.6.1-1K-3 and Table 5.2.2.6.1-1K-4 are not applicable.

5.2.2.6.2 Channel quality information formats for higher layer configured subband CQI
reports

Table5.2.2.6.2-1 shows the fields and the corresponding bit width for the channel quality information feedback for
higher layer configured report for PDSCH transmissions associated with transmission mode 1, transmission mode 2,
transmission mode 3, transmission mode 7, transmission mode 8 configured without PMI/RI reporting, transmission
mode 9 configured without PMI/RI reporting or configured with 1 antenna port, and transmission mode 10 configured
without PMI/RI reporting or configured with 1 antenna port except with feCoMP-CS-Enabled=true. N in Table
5.2.2.6.2-1 isdefined in subclause 7.2 of [3].

Table 5.2.2.6.2-1A shows the fields and the corresponding bit width for the channel quality information feedback for
higher layer configured report for PDSCH transmissions associated with transmission mode 9/10 configured without
PMI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with 2/4/8 antenna ports
except with feCoMP-CS -Enabled=true, transmission mode 9/10 configured with higher layer parameter eMIMO-Type
and eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B' without PMI reporting with 2/4/8 antenna ports, and
transmission mode 9/10 configured with PMI/RI reporting and higher layer parameters semiOpenLoop and eMIMO-
Type, and eMIMO-Typeis set to 'CLASS B' with 2/4 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE or alternativeCodeBookEnabledFor4TX-r12=TRUE.

Table5.2.2.6.2-1B shows the fields and the corresponding bit width for the channel quality information feedback for
higher layer configured report for PDSCH transmissions associated with transmission mode 10 configured without
PMI/RI reporting or configured with 1 antenna port and higher layer parameter feCoMP-CS-Enabled=true. The
number of configured CSI-RS resourcesin a CSl processK isdefinedin[3]. N in Table5.2.2.6.2-1B isdefined in
subclause 7.2 of [3].

Table 5.2.2.6.2-1B-1 shows the fields and the corresponding bit width for the channel quality information feedback for
higher layer configured report for PDSCH transmissions associated with transmission mode 10 configured without PMI
reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B' with 2/4/8 antenna ports and
higher layer parameter feCoMP-CS -Enabled=true. The number of configured CSI-RS resourcesin a CSl processK is
defined in[3]. N inTable5.2.2.6.2-1B-1 isdefined in subclause 7.2 of [3].

For Table 5.2.2.6.2-1B and Table 5.2.2.6.2-1B-1, in the case of CRI=2, the rank value correspondsto RIO for codeword
0 and RI1 for codeword 1.
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Table 5.2.2.6.2-1: Fields for channel quality information feedback for higher layer configured subband
CQIl reports (transmission mode 1, transmission mode 2, transmission mode 3, transmission mode 7,
transmission mode 8 configured without PMI/RI reporting, transmission mode 9 configured without
PMI/RI reporting or configured with 1 antenna port, and transmission mode 10 configured without
PMI/RI reporting or configured with 1 antenna port except with feCoMP-CSI-Enabled=true)

Field Bit width
Wide-band CQI codeword 4
Subband differential CQI 2N

Table 5.2.2.6.2-1A Fields for channel quality information feedback for higher layer configured
subband CQI reports (transmission mode 9/10 configured without PMI reporting and higher layer
parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with 2/4/8 antenna ports except with

feCoMP-CSI-Enabled=true, transmission mode 9/10 configured with higher layer parameter eMIMO-
Type and eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B' without PMI reporting with 2/4/8
antenna ports, and transmission mode 9/10 configured with PMI/RI reporting and higher layer
parameters semiOpenLoop and eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with 2/4 antenna
ports except with alternativeCodebookEnabledCLASSB_K1=TRUE or
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Field Bit width
Rank =1 | Rank > 1
Wide-band CQI codeword 0 4 4
Subband differential CQI codeword 0 2N 2N
Wide-band CQI codeword 1 0 4
Subband differential CQI codeword 1 0 2N

Table 5.2.2.6.2-1B: Fields for channel quality information feedback for higher layer configured
subband CQI reports (transmission mode 10 configured without PMI/RI reporting or configured with
1 antenna port and higher layer parameter feCoMP-CSI-Enabled=true)

Field Bit width for CRI=0 or 1
Wide-band CQI 4
Subband differential CQI 2N

Field Bit width for CRI=2

Wide-band CQI codeword O 4
Subband differential CQI codeword O 2N
Wide-band CQI codeword 1 4
Subband differential CQI codeword 1 2N

Table 5.2.2.6.2-1B-1: Fields for channel quality information feedback for higher layer configured

subband CQI reports (transmission mode 10 configured without PMI reporting and higher layer

parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with 2/4/8 antenna ports and higher
layer parameter feCoMP-CSI-Enabled=true)

Field Bit width for CRI=0 or 1
Rank =1 Rank > 1
Wide-band CQI codeword 0 4 4
Subband differential CQI codeword 0 2N 2N
Wide-band CQI codeword 1 0 4
Subband differential CQI codeword 1 0 2N
Field Bit width for CRI=2
Rank =1 Rank > 1
Wide-band CQI codeword O 4 4
Subband differential CQI codeword O 2N 2N
Wide-band CQI codeword 1 4 4
Subband differential CQI codeword 1 2N 2N
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Table5.2.2.6.2-2, Table 5.2.2.6.2-2A and Table 5.2.2.6.2-2B show the fields and the corresponding bit widths for the
channel quality information feedback for higher layer configured report for PDSCH transmissions associated with
transmission mode 4, transmission mode 5, transmission mode 6, transmission mode 8 configured with PMI/RI
reporting, transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports except with
advancedCodebookEnabled=TRUE, transmission mode 10 configured with PMI/RI reporting with 2/4/8 antenna ports
except with advancedCodebookEnabled=TRUE, transmission mode 9/10 configured with PMI/RI reporting with 2/4/8
antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B’ with K>1 except with
feCoMP-CS -Enabled=true, and K=1 except with alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission
mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured
with PMI/RI reporting with 2/4/8 antenna ports except with alter nativeCodebookEnabledCLASSB_K1=TRUE. The
number of configured CSI-RS resourcesin a CSl processK isdefined in [3] and
alternativeCodebookEnabledCLASSB_K1 is configured by higher layers [6].

Table5.2.2.6.2-2-1 and Table 5.2.2.6.2-2A-1 show the fields and the corresponding bit widths for the channel quality
information feedback for higher layer configured report for PDSCH transmissions associated with transmission mode
10 configured with PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-
Typeisset to 'CLASS B' with K>1 and higher layer parameter feCoMP-CSl -Enabled=true, except with

alter nativeCodeBookEnabledFor4TX-r12=TRUE. The number of configured CSI-RS resourcesin a CS| processK is
defined in [3].

Table5.2.2.6.2-2B-1 and Table 5.2.2.6.2-2B-2 show the fields and the corresponding bit widths for the channel quality
information feedback for higher layer configured report for PDSCH transmissions associated with transmission mode
9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and higher layer parameter eMIMO-
Type, and eMIMO-Typeis set to 'CLASS A' except with advancedCodebookEnabled=TRUE.

Tableb.2.2.6.2-2B-3 shows the fields and the corresponding bit widths for the channel quality information feedback for
higher layer configured report for PDSCH transmissions associated with transmission mode 9/10 configured with
PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS
B’ with K=1 and alter nativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 2/4/8
antenna ports and higher layer parameter alter nativeCodebookEnabledCLASSB K1=TRUE.

Tableb.2.2.6.2-2B-4 shows the fields and the corresponding bit widths for the channel quality information feedback for
higher layer configured report for PDSCH transmissions associated with transmission mode 9/10 configured with
PMI/RI reporting with 4/8 antenna ports and higher layer parameters semiOpenLoop and eMIMO-Type, and eMIMO-
Typeisset to 'CLASS B' without alter nativeCodebookEnabledCLASSB_K1=TRUE, with
alternativeCodebookEnabledCLASSB_K1=TRUE.

Table5.2.2.6.2-2B-5 and Tableb.2.2.6.2-2B-6 show the fields and the corresponding bit widths for the channel quality
information feedback for higher layer configured report for PDSCH transmissions associated with transmission mode
9/10 configured with PMI/RI reporting and higher layer parameters semiOpenLoop and eMIMO-Type, and eMIMO-
Typeisset to 'CLASS A" with 8/12/16/20/24/28/32 antenna ports.

Table5.2.2.6.2-2B-7 and Table 5.2.2.6.2-2B-8 show the fields and the corresponding bit widths for the channel quality
information feedback for higher layer configured report for PDSCH transmissions associated with transmission mode
9/10 configured with PMI/RI reporting with 4/8 antenna ports and higher layer parameter
advancedCodebookEnabled=TRUE.

Table5.2.2.6.2-2B-9 and Table 5.2.2.6.2-2B-10 show the fields and the corresponding bit widths for the channel quality
information feedback for higher layer configured report for PDSCH transmissions associated with transmission mode
9/10 configured with PMI/RI reporting with 8/12/16 /20/24/28/32 antenna ports and higher layer parameters
advancedCodebookEnabled and eMIMO-Type, and eMIMO-Typeis set to 'CLASS A' and advancedCodebookEnabled
=TRUE.

Table 5.2.2.6.2-2B-11 shows the fields and the corresponding bit widths for the channel quality information feedback
for higher layer configured report for PDSCH transmissions associated with transmission mode 10 configured with
PMI/RI reporting with 4 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B'
with K>1 and higher layer parameter feCoMP-CS -Enabled=true, with alter nativeCodeBookEnabledFor4TX-
r12=TRUE. The number of configured CSI-RS resourcesin a CS| processK isdefined in[3].

For Table 5.2.2.6.2-2-1, Table 5.2.2.6.2-2A-1 and Table 5.2.2.6.2-2B-11, in the case of CRI=2, the rank value
corresponds to RIO for codeword 0 and RI1 for codeword 1.

ETSI



3GPP TS 36.212 version 15.2.1 Release 15 70 ETSI TS 136 212 V15.2.1 (2018-07)

For Teble 5.2.2.6.2-2, Table 5.2.2.6.2-2-1, Table 5.2.2.6.2-2A, Table 5.2.2.6.2-2A-1, Table 5.2.2.6.2-2B, Table
5.2.2.6.2-2B-1, Table 5.2.2.6.2-2B-2, Tahle 5.2.2.6.2-2B-3, Table 5.2.2.6.2-2B-4, Table 5.2.2.6.2-2B-5, Tahle 5.2.2.6.2-
2B-6, Table 5.2.2.6.2-2B-7, Table 5.2.2.6.2-2B-8, Table 5.2.2.6.2-2B-9, Table 5.2.2.6.2-2B-10 and Table 5.2.2.6.2-2B-
11, N isdefined in subclause 7.2 of [3]. For Table 5.2.2.6.2-2B-1, Table 5.2.2.6.2-2B-2, Table 5.2.2.6.2-2B-5, Table
5.2.2.6.2-2B-6, Table5.2.2.6.2-2B-8, Table 5.2.2.6.2-2B-9 and Table 5.2.2.6.2-2B- 10, the codebook configuration

(N,,N,,0,,0,) isdefinedin[3], and CodebookConfig is configured by higher layers [6]. The parameters (S, S,)

O O
in rank 3 and 4 are defined as (S,, S, ) = (1, 1) for CodebookConfig=1, (S, S,)= [71 —zj for

O O
CodebookConfig=2, (S,,S, )= [Ol : ?zj for CodebookConfig=3, (S,,S, )= [Ol : sz for CodebookConfig=4.

The parameters (S, S, ) inrank 5to 8 are defined as (S, S, ) = (1, 1) for CodebookConfig=1,

o O
(S.,S,)= (71 ,sz for CodebookConfig=2/3/4. The parameters (L, L, ) are defined as L, = min{4, N, } and

L,=2for N,>N,ad N, #1, L, =2 and L, = min{4,N, } for N, <N, and N, #1, L, = min{8,N, }
and L, =1for N, =1.

Table 5.2.2.6.2-2: Fields for channel quality information feedback for higher layer configured subband
CQIl reports (transmission mode 4, transmission mode 5, transmission mode 6, transmission mode 8
configured with PMI/RI reporting except with alternativeCodeBookEnabledFor4TX-r12=TRUE,
transmission mode 9 configured with PMI/RI reporting with 2/4 antenna ports except with
alternativeCodeBookEnabledFord4TX-r12=TRUE or advancedCodebookEnabled=TRUE, transmission
mode 10 configured with PMI/RI reporting with 2/4 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE or advancedCodebookEnabled=TRUE, transmission
mode 9/10 configured with PMI/RI reporting with 2/4 antenna ports and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1 except with feCoMP-CSI-Enabled=true,
and K=1 except with alternativeCodebookEnabledCLASSB_K1=TRUE, except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 2/4 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE or
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Field Bit width
2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank > 1

Wide-band CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wide-band CQI codeword 1 0 4 0 4
Subband differential CQI codeword 1 0 2N 0 2N
Precoding matrix indicator 2 1 4 4
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Table 5.2.2.6.2-2-1: Fields for channel quality information feedback for higher layer configured
subband CQI reports (transmission mode 10 configured with PMI/RI reporting with 2/4 antenna ports
and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1 and higher
layer parameter feCoMP-CSI-Enabled=true, except with alternativeCodeBookEnabledFor4TX-
r12=TRUE)

Field Bit width for CRI=0 or 1
2 antenna ports 4 antenna ports
Rank=1 | Rank=2 | Rank=1 | Rank>1
Wide-band CQI codeword O 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wide-band CQI codeword 1 0 4 0 4
Subband differential CQI codeword 1 0 2N 0 2N
Precoding matrix indicator 2 1 4 4
Field Bit width for CRI=2
2 antenna ports 4 antenna ports
Rank=1 | Rank=2 | Rank =1 | Rank >1
Wide-band CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wide-band CQI codeword 1 4 4 0 4
Subband differential CQI codeword 1 2N 2N 0 2N
Precoding matrix indicator codeword 0 2 1 4 4
Precoding matrix indicator codeword 1 2 1 4 4

Table 5.2.2.6.2-2A: Fields for channel quality information feedback for higher layer configured
subband CQI reports (transmission mode 9 configured with PMI/RI reporting with 8 antenna ports
except with advancedCodebookEnabled=TRUE, transmission mode 10 configured with PMI/RI
reporting with 8 antenna ports except with advancedCodebookEnabled=TRUE, transmission mode
9/10 configured with PMI/RI reporting with 8 antenna ports and higher layer parameter eMIMO-Type,
and eMIMO-Type is set to 'CLASS B’ with K>1 except with feCoMP-CSI-Enabled=true, and K=1 except
with alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with
higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI
reporting with 8 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE)

Field Bitwidth
Rank =1 | Rank=2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMI i1 4 4 2 2
Wideband second PMI i2 4 4 4 3
Field Bitwidth
Rank =5 | Rank =6 | Rank =7 | Rank =8
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 4 4 4 4
Subband differential CQI codeword 1 2N 2N 2N 2N
Wideband first PMI i1 2 2 2 0
Wideband second PMI i2 0 0 0 0

Table 5.2.2.6.2-2A-1: Fields for channel quality information feedback for higher layer configured
subband CQI reports (transmission mode 10 configured with PMI/RI reporting with 8 antenna ports
and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1 and higher

layer parameter feCoMP-CSI-Enabled=true)

Bitwidth for CRI=0 or 1
Rank =1 | Rank =2 | Rank =3 | Rank = 4

Field
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Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMI il 4 4 2 2
Wideband second PMI i2 4 4 4 3
Field Bitwidth for CRI=0 or 1
Rank =5 | Rank =6 | Rank =7 | Rank =8
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 4 4 4 4
Subband differential CQI codeword 1 2N 2N 2N 2N
Wideband first PMI il 2 2 2 0
Wideband second PMI i2 0 0 0 0
Field Bitwidth for CRI=2
Rank =1 | Rank =2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 4 4 4 4
Subband differential CQI codeword 1 2N 2N 2N 2N
Wideband first PMI i1 codeword 0 4 4 2 2
Wideband second PMI i2 codeword O 4 4 4 3
Wideband first PMI i1 codeword 1 4 4 2 2
Wideband second PMI i2 codeword 1 4 4 4 3

Table 5.2.2.6.2-2B: Fields for channel quality information feedback for higher layer configured
subband CQI reports with 4 antenna ports (transmission modes 8, 9 and 10 configured with PMI/RI
reporting, 4 antenna ports and alternativeCodeBookEnabledFor4TX-r12=TRUE except with
advancedCodebookEnabled=TRUE, transmission mode 9/10 configured with PMI/RI reporting with 4
antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1
except with feCoMP-CSI-Enabled=true, and K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE, with alternativeCodeBookEnabledFor4TX-
r12=TRUE, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 4 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE, with alternativeCodeBookEnabledFor4TX-

r12=TRUE)
Field Bitwidth
Rank=1 | Rank=2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMI il 4 4 0 0
Wideband second PMI i2 4 4 4 4
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Table 5.2.2.6.2-2B-1: Fields for channel quality information feedback for higher layer configured
subband CQI reports (transmission mode 9/10 configured with higher layer parameter eMIMO-Type,
and eMIMO-Type is set to 'CLASS A" with codebook configuration (N,N,,Q,Q) and

CodebookConfig=1, except with advancedCodebookEnabled=TRUE)

Field

Bit width

Rank =1

Rank =2

Rank =3

Rank =4

Wideband
cQl
codeword
0

Subband
differential
cQl
codeword
0

2N

2N

2N

2N

Wideband
CQl
codeword
1

Subband
differential
CQl
codeword
1

2N

2N

2N

Wideband
first PMI
i1,1

|_| 0g,(N;O; )-‘

|_| 0g,(N;O; )-‘

=)

=)

Wideband
first PMI
i1,2

ﬂ 0g,(N,0, ﬂ

ﬂ 0, (N,0, ﬂ

’VIng ( Nzoz / S?)—‘

’VIng ( Nzoz / S?)—‘

Wideband
second
PMI i2

Field

Bit width

Rank =5

Rank =6

Rank =7

Rank =8

Wideband
CQl
codeword
0

Subband
differential
CQl
codeword
0

2N

2N

2N

2N

Wideband
CQl
codeword
1

Subband
differential
CQl
codeword
1

2N

2N

2N

2N

Wideband
first PMI
i1,1

’_|092 ( N101/ Sl)—|

’_|092 ( N101/ Sl)—|

|_|092 ( Nlol/Sl)—‘

|_|092 ( Nlol/Sl)—‘

Wideband
first PMI
i1,2

[log, (N,0,/S,)]

[log, (N,0,/S,)]

[10g, (N,0,/S,)]

[10g, (N,0,/S,)]

Wideband
second
PMI i2
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Table 5.2.2.6.2-2B-2: Fields for channel quality information feedback for higher layer configured
subband CQI reports (transmission mode 9/10 configured with higher layer parameter eMIMO-Type,
and eMIMO-Type is set to 'CLASS A" with codebook configuration (N,N,,Q,Q) and

CodebookConfig=2/3/4, except with advancedCodebookEnabled=TRUE)

Field Bit width
Rank =1 Rank =2 Rank =3 Rank =4
Wideband CQI
codeword 0 4 4 4 4
Subband
differential CQI 2N 2N 2N oN
codeword 0
Wideband CQI
codeword 1 0 4 4 4
Subband
differential CQI 0 2N 2N 2N
codeword 1
Wideband first N,O 9-N N,0O, 9-N
PMIi1,1 [10g;(N,0; /2)] [1og,(N,0; /2)] ('Og{ éllx[zﬂ 8 ZDN Log{ éllx[2+ 8 sz
Wideband first N,O N.O
PMI il,2 |—|092(N202 /2)-‘ ’_IOQZ(NZOZ /2)-| lon[ ;2 2 ]—‘ Ing[ éz 2
Wideband
second PMI i2 4 4 4 3
] Bit width
S Rank =5 Rank =6 Rank =7 Rank =8
Wideband CQI
codeword 0 4 4 4 4
Subband
differential CQI 2N 2N 2N ON
codeword 0
Wideband CQI
codeword 1 4 4 4 4
Subband
differential CQI 2N 2N 2N 2N
codeword 1
Wideband first
it | [10g,(NO,/S)] |[log, (NO/S)T| [log,(NO,/S)] [1og,(N,O,/S)]
Wideband first
iz | [109.(N,O,/S,)] |[log, (N,0,/S,) ]| [log,(N,O,/S,)] [log, (N,O,/S,)]
Wideband
second PMI i2 0 0 0 0
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Table 5.2.2.6.2-2B-3: Fields for channel quality information feedback for higher layer configured
subband CQI reports (transmission mode 9/10 configured with higher layer parameter eMIMO-Type,
and eMIMO-Type is set to 'CLASS B' with 2/4/8 antenna ports with K=1 and
alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with 2/4/8 antenna
ports and higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank =2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 0 4 4 4
Subband differential CQI codeword 1 0 2N 0 2N 2N 2N
Precoding matrix indicator 2 1 3 3 2 1
Bit width
Field 8 antenna ports
Rank =1 | Rank =2 | Rank =3 | Rank =4 | Rank =5to Rank =8
Wideband CQI codeword 0 4 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N 2N
Precoding matrix indicator 4 4 4 3 0

Table 5.2.2.6.2-2B-4: Fields for channel quality information feedback for higher layer configured
subband CQI reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer
parameters semiOpenLoop and eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with 4/8 antenna
ports except with alternativeCodebookEnabledCLASSB_K1=TRUE, with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

. Bitwidth
ek Rank =1 Rank =2
Wideband CQI codeword 0 4 4
Subband differential CQI codeword 0 2N 2N
Wideband CQI codeword 1 0 4
Subband differential CQI codeword 1 0 2N
Wideband first PMI i1 4 4

Table 5.2.2.6.2-2B-5: Fields for channel quality information feedback for higher layer configured

subband CQI reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer

parameters semiOpenLoop and eMIMO-Type, and eMIMO-Type is set to 'CLASS A" with codebook
configuration (N,N,,Q,0) and CodebookConfig=1)

. Bit width
Al Rank =1 Rank =2
Wideband CQI codeword 0 4 4
Subband differential CQI codeword 0O 2N 2N
Wideband CQI codeword 1 O 4
Subband differential CQI codeword 1 2N
Wideband first PMI i1,1 ﬂog2 (N,o,)| |[1og,(N,O,)]
Wideband first PMI i1,2 [log,(N,0,)] |[log,(N,O,)]
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Table 5.2.2.6.2-2B-6: Fields for channel quality information feedback for higher layer configured

subband CQI reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer

parameters semiOpenLoop and eMIMO-Type, and eMIMO-Type is set to 'CLASS A' with codebook
configuration (N,N,,Q,Q) and CodebookConfig=2/3/4)

. Bit width
Feld Rank =1 Rank =2

Wideband CQI codeword 0 4 4

Subband differential CQI codeword 0 2N 2N

Wideband CQI codeword 1 0 4

Subband differential CQI codeword 1 0 2N
Wideband first PMI i1,1 [log,(N,0,/2)] |[log,(N,0,/2)]
Wideband first PMI i1,2 [log,(N,0,/2)] |[l0g,(N,0,/2)]

Table 5.2.2.6.2-2B-7: Fields for channel quality information feedback for higher layer configured
subband CQI reports (transmission mode 9/10 configured with PMI/RI reporting with 4 antenna ports
and higher layer parameter advancedCodebookEnabled=TRUE)

Field Bit width
Rank =1 | Rank =2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMIi1,1-1 3 3 0 0
Wideband first PMI i1,2-1 0 0 0 0
Wideband first PMI i1,1-2 0 0 0 0
Wideband first PMI i1,2-2 0 0 0 0
Wideband first PMI i1,p-2 2 2 0 0
Wideband second PMI i2 6 12 4 4
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Table 5.2.2.6.2-2B-8: Fields for channel quality information feedback for higher layer configured
subband CQI reports (transmission mode 9/10 configured with PMI/RI reporting with 8 antenna ports

and higher layer parameter advancedCodebookEnabled=TRUE)

Bitwidth
acld Rank =1 Rank =2 ank ank
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMI i1,1-1 [log,(N,0))] | [log,(N,O)) || 2 2
Wideband first PMI i1,2-1 0 0 0 0
Wideband first PMI i1,1-2 [log, (L) ] [log, (L) ] 0 0
Wideband first PMI i1,2-2 0 0 0 0
Wideband first PMI i1,p-2 2 2 0 0
Wideband second PMI i2 6 12 4 3
Bitwidth
Field Rank =5 Rank =6 Rfr;k ank

Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 4 4 4 4
Subband differential CQI codeword 1 2N 2N 2N 2N
Wideband first PMI i1,1-1 2 2 2 0
Wideband first PMI i1,2-1 0 0 0 0
Wideband first PMI i1,1-2 0 0 0 0
Wideband first PMI i1,2-2 0 0 0 0
Wideband first PMI i1,p-2 0 0 0 0
Wideband second PMI i2 0 0 0 0
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Table 5.2.2.6.2-2B-9: Fields for channel quality information feedback for higher layer configured
subband CQI reports (transmission mode 9/10 configured with 8/12/16/20/24/28/32 antenna ports and
higher layer parameter advancedCodebookEnabled and eMIMO-Type, and
advancedCodebookEnabled=TRUE and eMIMO-Type is set to 'CLASS A' with codebook configuration
(N,N,,Q,0) and CodebookConfig=1)
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Field

Bit width

Rank =1

Rank =2

Rank =3

Rank =4

Wideband
cQl
codeword
0

Subband
differential
Cql
codeword
0

2N

2N

2N

2N

Wideband
cQl
codeword
1

Subband
differential
cQl
codeword
1

2N

2N

Wideband
first PMI
i1,1-1

’_l OgZ(Nlolﬂ

|_| 0g,(N;O; )-‘

]

Wideband
first PMI
i1,2-1

ﬂ 0, (N,0, ﬂ

ﬂ 0g,(N,0, ﬂ

[log,(N,O,/S,) |

Wideband
first PMI
i1,1-2

[log,(L,) |

[log,(L,) |

Wideband
first PMI
i1,2-2

[log,(L,) ]

[log,(L,) ]

Wideband
first PMI
i1,p-2

Wideband
second
PMI i2

12

Field

Bit width

Rank =5

Rank =6

Rank =7

Rank =8

Wideband
CQl
codeword
0

Subband
differential
CQl
codeword
0

2N

2N

2N

2N

Wideband
Cql
codeword
1

Subband
differential
CQl
codeword
1

2N

2N

2N

2N

Wideband
first PMI
i1,1-1

’_|092 ( N101/ Sl)—|

|_|092 ( Nlol/Sl)—‘

’_|092 ( N101/ Sl)—|

|_|092 ( Nlol/Sl)—‘

Wideband
first PMI
i1,2-1

[log, (N,0,/S,)]

[10g, (N,0,/S,)]

[log, (N,0,/S,)]

[10g, (N,0,/S,)]

Wideband
first PMI
i1,1-2
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Wideband
first PMI 0 0 0 0
i1,2-2
Wideband
first PMI 0 0 0 0
i1,p-2
Wideband
second 0 0 0 0
PMI i2
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Table 5.2.2.6.2-2B-10 Fields for channel quality information feedback for higher layer configured
subband CQI reports (transmission mode 9/10 configured with 8/12/16/20/24/28/32 antenna ports and
higher layer parameters advancedCodebookEnabled and eMIMO-Type, and
advancedCodebookEnabled=TRUE and eMIMO-Type is set to 'CLASS A' with codebook configuration
(N,N,,Q,0) and CodebookConfig=2/3/4)
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Field

Bit width

Rank =1

Rank =2

Rank =3

Rank =4

Wideband
cQl
codeword
0

Subband
differential
CQl
codeword
0

2N

2N

2N

2N

Wideband
cQl
codeword
1

Subband
differential
cQl
codeword
1

2N

2N

Wideband
first PMI
i1,1-1

’_l OgZ(Nlolﬂ

’_l OgZ(Nlolﬂ

=)

Wideband
first PMI
i1,2-1

ﬂ 0g,(N,0, ﬂ

ﬂ 0g,(N,0, ﬂ

[10g,(N,0,/S))]

Wideband
first PMI
i1,1-2

[log,(L,) |

[log,(L,) |

Wideband
first PMI
i1,2-2

[log,(L,) ]

[log,(L,) ]

Wideband
first PMI
i1,p-2

Wideband
second
PMI i2

12

Field

Bit width

Rank =5

Rank =6

Rank =7

Rank =8

Wideband
CQl
codeword
0

Subband
differential
CQl
codeword
0

2N

2N

2N

2N

Wideband
CQl
codeword
1

Subband
differential
CQl
codeword
1

2N

2N

2N

2N

Wideband
first PMI
i1,1-1

|_|092 ( Nlol/Sl)—‘

’_|092 ( N101/ Sl)—|

’_|092 ( N101/ Sl)—|

’_|092 ( N101/ Sl)—|

Wideband
first PMI
i1,2-1

[10g, (N,0,/S,)]

[log, (N,0,/S,)]

[log, (N,0,/S,)]

[log, (N,0,/S,)]

Wideband
first PMI
i1,1-2
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Wideband
first PMI 0 0 0 0
i1,2-2

Wideband
first PMI 0 0 0 0
i1,p-2

Wideband
second 0 0 0 0
PMI i2

Table 5.2.2.6.2-2B-11: Fields for channel quality information feedback for higher layer configured
subband CQI reports with 4 antenna ports (transmission mode 10 configured with PMI/RI reporting
with 4 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B’

with K>1 and higher layer parameter feCoMP-CSI-Enabled=true, with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bitwidth for CRI=0 or 1

ek Rank =1 | Rank=2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMI i1 4 4 0 0
Wideband second PMI i2 4 4 4 4

Bitwidth for CRI=2

ek Rank=1 | Rank=2 | Rank =3 | Rank =4

Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 4 4 4 4
Subband differential CQI codeword 1 2N 2N 2N 2N
Wideband first PMI i1 codeword O 4 4 0 0
Wideband second PMI i2 codeword O 4 4 4 4
Wideband first PMI i1 codeword 1 4 4 0 0
Wideband second PMI i2 codeword 1 4 4 4 4

Table5.2.2.6.2-2C, Table 5.2.2.6.2-2D and Table 5.2.2.6.2-2E show the fields and the corresponding bit widths for the
channel quality information feedback for higher layer configured report for PDSCH transmissions associated with
transmission mode 4, transmission mode 6, transmission mode 8 configured with subband PMI/RI reporting,
transmission mode 9 configured with subband PMI/RI reporting with 2/4/8 antenna ports except with
advancedCodebookEnabled=TRUE, transmission mode 10 configured with subband PMI/RI reporting with 2/4/8
antenna ports except with advancedCodebookEnabled=TRUE, transmission mode 9/10 configured with subband
PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS
B' with K>1 except with feCoMP-CSl -Enabled=true and K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher layer parameter
eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with subband PMI/RI reporting with 2/4/8 antenna
ports except with alter nativeCodebookEnabledCLASSB_K1=TRUE. The number of configured CSI-RS resourcesin a
CSl processK isdefined in [3] and alternativeCodebookEnabledCLASSB_K1 is configured by higher layers [6].

Table5.2.2.6.2-2C-1 and Table 5.2.2.6.2-2D-1 show the fields and the corresponding bit widths for the channel quality
information feedback for higher layer configured report for PDSCH transmissions associated with transmission mode
10 configured with subband PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and
eMIMO-Typeis set to 'CLASS B' with K>1 and higher layer parameter feCoMP-CSl -Enabled=true, except with
alternativeCodeBookEnabledFor4TX-r12=TRUE. The number of configured CSI-RS resourcesin a CSl processK is
defined in [3].

Table5.2.2.6.2-2E-1 and Table 5.2.2.6.2-2E-2 show the fields and the corresponding bit widths for the channel quality
information feedback for higher layer configured report for PDSCH transmissions associated with transmission mode
9/10 configured with subband PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and higher layer parameter
eMIMO-Type, and eMIMO-Typeis set to 'CLASS A" except with advancedCodebookEnabled=TRUE.

ETSI




3GPP TS 36.212 version 15.2.1 Release 15 84 ETSI TS 136 212 V15.2.1 (2018-07)

Table5.2.2.6.2-2E-3 shows the fields and the corresponding bit widths for the channel quality information feedback for
higher layer configured report for PDSCH transmissions associated with transmission mode 9/10 configured with
subband PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to
'CLASS B' with K=1 and alternativeCodebookEnabledCLASSB K1=TRUE, and transmission mode 9/10 configured
with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with subband PMI/RI
reporting with 2/4/8 antenna ports and higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE.

Table 5.2.2.6.2-2E-4 and Table 5.2.2.6.2-2E-5 show the fields and the corresponding bit widths for the channel quality
information feedback for higher layer configured report for PDSCH transmissions associated with transmission mode
9/10 configured with PMI/RI reporting with 4/8 antenna ports and higher layer parameter
advancedCodebookEnabled=TRUE.

Table5.2.2.6.2-2E-6 and Table 5.2.2.6.2-2E-7 show the fields and the corresponding bit widths for the channel quality
information feedback for higher layer configured report for PDSCH transmissions associated with transmission mode
9/10 configured with subband PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and higher layer parameters
advancedCodebookEnabled and eMIMO-Type, and eMIMO-Typeis set to 'CLASS A' and
advancedCodebookEnabled=TRUE.

Table 5.2.2.6.2-2E-9 shows the fields and the corresponding bit widths for the channel quality information feedback for
higher layer configured report for PDSCH transmissions associated with transmission mode 10 configured with
subband PMI/RI reporting with 4 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to
'CLASS B' with K>1and higher layer parameter feCoMP-CSl-Enabled=true, with
alternativeCodeBookEnabledFor4TX-r12=TRUE. The number of configured CSI-RS resourcesin a CS| processK is
defined in [3].

For Table 5.2.2.6.2-2C-1, Table 5.2.2.6.2-2D-1 and Table 5.2.2.6.2-2E-9, in the case of CRI=2, the rank value
corresponds to RIO for codeword 0 and RI1 for codeword 1.

For Table 5.2.2.6.2-2C, Table 5.2.2.6.2-2C-1, Table 5.2.2.6.2-2D, Table 5.2.2.6.2-2D-1, Table 5.2.2.6.2-2E, Table
5.2.2.6.2-2E-1, Table 5.2.2.6.2-2E-2, Tahle 5.2.2.6.2-2E-3, Table 5.2.2.6.2-2E-4, Table 5.2.2.6.2-2E-5, Table 5.2.2.6.2-
2E-6, Table 5.2.2.6.2-2E-7 and Table 5.2.2.6.2-2E-9, N isdefined in subclause 7.2 of [3]. For Table 5.2.2.6.2-2E-1,
Table5.2.2.6.2-2E-2, Table 5.2.2.6.2-2E-5, Table 5.2.2.6.2-2E-6, Table 5.2.2.6.2-2E-7 and Table 5.2.2.6.2-2E-8, the

codebook configuration ( N;,N,,Q, Oz) isdefined in [3], and CodebookConfig is configured by higher layers[6].
The parameters (Sl, Sz) inrank 1 and rank 2 are defined as (Sl, S, ) = (:L 1) for CodebookConfig=1 and
(S.,S,)=(2, 2) for CodebookConfig =2, 3 and 4. The parameters (S;,'S, ) in rank 3 and 4 are defined as

(S,,S,)=(1,1) for CodebookConfig=1, (S,, S, )= (% ,%) for CodebookConfig=2, (S,, S, )= (Ol : %) for

O
CodebookConfig=3, (S,,S,)= (Ol , sz for CodebookConfig=4. The parameters (S,, S, ) inrank 5to 8 are

O, O
defined as (S,, S, ) = (1, 1) for CodebookConfig=1, (S;,S, )= (j sz for CodebookConfig=2/3/4. The

parameters (L, L, ) aredefinedas L, = min{4,N,}and L, =2 for N,> N, and N, #1, L, = 2 and
L, =min{4,N,} for N,<N, ard N, #1, L, =min{8,N,} and L, =1 for N, =1.
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Table 5.2.2.6.2-2C: Fields for channel quality information feedback for higher layer configured
subband CQI and subband PMI reports
(transmission mode 4 and transmission mode 6 configured with subband PMI reporting,
transmission mode 8 configured with subband PMI reporting except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 9 and transmission 10
configured with subband PMI reporting with 2/4 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE or advancedCodebookEnabled=TRUE, transmission
mode 9/10 configured with subband PMI/RI reporting with 2/4 antenna ports and higher layer
parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1 except with feCoMP-CSI-
Enabled=true, and K=1 except with alternativeCodebookEnabledCLASSB_K1=TRUE, except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with subband PMI/RI
reporting with 2/4 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE or
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank=1 | Rank=2 | Rank =1 | Rank =2 | Rank =3 | Rank =4
Wide-band CQI codeword 0O 4 4 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N 2N 2N
Wide-band CQI codeword 1 0 4 0 4 4 4
Subband differential CQI codeword 1 0 2N 0 2N 2N 2N
Subband precoding matrix indicator 2N N 4N 4N 4N 4N

Table 5.2.2.6.2-2C-1: Fields for channel quality information feedback for higher layer configured
subband CQIl and subband PMI reports
(transmission mode 10 configured with subband PMI/RI reporting with 2/4 antenna ports and higher
layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1 and higher layer
parameter feCoMP-CSI-Enabled=true, except with alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width for CRI=0 or 1
Field 2 antenna ports 4 antenna ports
Rank = Rank = Rank = Rank = Rank = Rank =
1 2 1 2 3 4
Wide-band CQI codeword 0 4 4 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N 2N 2N
Wide-band CQI codeword 1 0 4 0 4 4 4
Subband differential CQI codeword 1 0 2N 0 2N 2N 2N
Subband precoding matrix indicator 2N N 4N 4N 4N 4N
Bit width for CRI=2
Field 2 antenna ports 4 antenna ports
Rank = Rank = Rank = Rank = Rank = Rank =
1 2 1 2 3 4
Wide-band CQI codeword 0 4 4 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N 2N 2N
Wide-band CQI codeword 1 4 4 4 4 4 4
Subband differential CQI codeword 1 2N 2N 2N 2N 2N 2N
Subband precoding m%trix indicator codeword 2N N AN AN AN AN
Subband precoding Tz;téltx indicator codeword 2N N AN AN AN 4N
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Table 5.2.2.6.2-2D: Fields for channel quality information feedback for higher layer configured
subband CQI and subband PMI reports with 8 antenna ports (transmission mode 9 configured with
subband PMI reporting except with advancedCodebookEnabled=TRUE, transmission mode 10
configured with subband PMI reporting except with advancedCodebookEnabled=TRUE, transmission
mode 9/10 configured with subband PMI/RI reporting and higher layer parameter eMIMO-Type, and
eMIMO-Type is set to 'CLASS B' with K>1 except with feCoMP-CSI-Enabled=true, and K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with subband PMI/RI
reporting with 8 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE)

Field Bitwidth
Rank =1 | Rank=2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMI i1 4 4 2 2
Subband second PMI i2 AN 4N 4N 3N
Field Bitwidth
Rank =5 | Rank =6 | Rank =7 | Rank =8
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 4 4 4 4
Subband differential CQI codeword 1 2N 2N 2N 2N
Wideband first PMI i1 2 2 2 0
Subband second PMI i2 0 0 0 0
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Table 5.2.2.6.2-2D-1: Fields for channel quality information feedback for higher layer configured
subband CQI and subband PMI reports with 8 antenna ports (transmission mode 10 configured with
subband PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS

B' with K>1 and higher layer parameter feCoMP-CSI-Enabled=true)

Field Bitwidth for CRI=0or 1
Rank =1 | Rank=2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMI i1 4 4 2 2
Subband second PMI i2 AN 4N 4N 3N
Field Bitwidth for CRI=0or 1
Rank =5 | Rank=6 | Rank =7 | Rank =8
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 4 4 4 4
Subband differential CQI codeword 1 2N 2N 2N 2N
Wideband first PMI i1 2 2 2 0
Subband second PMI i2 0 0 0 0
Field Bitwidth for CRI= 2
Rank=1 | Rank=2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 4 4 4 4
Subband differential CQI codeword 1 2N 2N 2N 2N
Wideband first PMI i1 codeword 0 4 4 2 2
Subband second PMI i2 codeword 0 4N 4N 4N 3N
Wideband first PMI i1 codeword 1 4 4 2 2
Subband second PMI i2 codeword 1 4N 4N 4N 3N

Table 5.2.2.6.2-2E: Fields for channel quality information feedback for higher layer configured
subband CQIl and subband PMI reports with 4 antenna ports (transmission modes 8, 9 and 10
configured with subband PMI reporting, 4 antenna ports and alternativeCodeBookEnabledFor4TX-
r12=TRUE, except with advancedCodebookEnabled=TRUE, transmission mode 9/10 configured with
subband PMI/RI reporting with 2/4 antenna ports and higher layer parameter eMIMO-Type, and
eMIMO-Type is set to 'CLASS B' with K>1 except with feCoMP-CSI-Enabled=true, and K=1 with except
with alternativeCodebookEnabledCLASSB_K1=TRUE, with alternativeCodeBookEnabledFor4TX-
r12=TRUE, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 configured with subband PMI/RI reporting with 4 antenna ports
except with alternativeCodebookEnabledCLASSB_K1=TRUE, with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Field Bitwidth

Rank =1 | Rank=2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMI i1 4 4 0 0
Subband second PMI i2 4N 4N 4N 4N
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Table 5.2.2.6.2-2E-1: Fields for channel quality information feedback for higher layer configured
subband CQI reports and subband PMI reports (transmission mode 9/10 configured with higher layer
parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS A' with codebook configuration
(N,N,,Q,0) and CodebookConfig=1, except with advancedCodebookEnabled=TRUE)

Field Bitwidth
Rank =1 Rank =2 Rank =3 Rank =4
Wideband CQI
codeword 0 4 4 4 4
Subband
differential CQI 2N 2N 2N 2N
codeword 0
Wideband CQI
codeword 1 0 4 4 4
Subband
differential CQI 0 2N 2N 2N
codeword 1
Wideband first N,O 9-N N,O, 9-N
PMIi1,1 |_|092(N101)-‘ ’_Iogz(Nlolﬂ (k’gz{ ;1 X{Z*—LSZJJH Png(éllX(%{SZDﬂ
Wideband first
PMI 1,2 [10g,(N,0;)] [10g2(N20, )] [Iogz(Nzoz)—' l_logz(Nzozﬂ
Subband
second PMI i2 2N 2N N N
Field Bitwidth
Rank =5 Rank =6 Rank =7 Rank =8
Wideband CQI
codeword O 4 4 4 4
Subband
differential CQI 2N 2N 2N 2N
codeword 0
Wideband CQI
codeword 1 4 4 4 4
Subband
differential CQI 2N 2N 2N 2N
codeword 1
Wi(?aelaflinldjirst DOQZ ( N,O,/ S)—| |7|ng ( NGO,/ S.)—| DOQZ ( N,O,/ S)—| |7|ng ( NGO,/ S.)—|
Wideband first
iz | [106:(NO,/S)] [[log, (N,O,/S,)] [10g, (N.0,/S,)] [109,(N.0,/S,)]
Subband
second PMI i2 0 0 0 0
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Table 5.2.2.6.2-2E-2: Fields for channel quality information feedback for higher layer configured

subband CQI reports and subband PMI reports (transmission mode 9/10 configured with higher layer

parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS A' with codebook configuration
(N,N,,Q,0) and CodebookConfig=2/3/4, except with advancedCodebookEnabled=TRUE)

Field

Bitwidth

Rank =1

Rank =2

Rank =3

Rank =4

Wideband
CQl
codeword
0

Subband
differential
CQl
codeword
0

2N

2N

2N

2N

Wideband
CQl
codeword
1

Subband
differential
CQl
codeword
1

2N

2N

2N

Wideband
first PMI
i1,1

|—| 0g,(N,O; / 2)-|

|—| 0g,(N,O; / 2)-|

o2 52])

o2 52])

Wideband
first PMI
i1,2

’_l 092(N202 /2)-‘

|_| 092(N202 /2)-‘

(%]

(%]

Subband
second
PMI i2

4N

4N

4N

3N

Field

Bitwidth

Rank =5

Rank =6

Rank =7

Rank =8

Wideband
CQl
codeword
0

Subband
differential
Cql
codeword
0

2N

2N

2N

2N

Wideband
CQl
codeword
1

Subband
differential
CQl
codeword
1

2N

2N

2N

2N

Wideband
first PMI
i1,1

[1og, (N,O,/S)]

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

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

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

Wideband
first PMI
i1,2

|_|092 ( N,O, / Sz)—‘

’_|092(N202 / Sz)—|

|_|092 ( N,O, / Sz)—‘

|_|092 ( N,O, / Sz)—‘

Subband
second
PMI i2
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Table 5.2.2.6.2-2E-3: Fields for channel quality information feedback for higher layer configured

subband CQI reports and subband PMI reports (transmission mode 9/10 configured and higher layer
parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with 2/4/8 antenna ports with K=1 and
alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher

layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with 2/4/8 antenna
ports and higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank =2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N 2N 2N
Precoding matrix indicator 2N N 3N 3N 2N N
Bit width
Field 8 antenna ports
Rank =1 | Rank =2 | Rank =3 | Rank =4 | Rank =5to Rank = 8
Wideband CQI codeword 0 4 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N 2N
Precoding matrix indicator 4N 4N 4N 3N 0

Table 5.2.2.6.2-2E-4: Fields for channel quality information feedback for higher layer configured
subband CQIl and subband PMI reports (transmission mode 9/10 configured with subband PMI
reporting with 4 antenna ports, and higher layer parameter advancedCodebookEnabled=TRUE)

Field Bit width
Rank=1 | Rank=2 | Rank=3 | Rank =4

Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMIi1,1-1 3 3 0 0
Wideband first PMI i1,2-1 0 0 0 0
Wideband first PMIi1,1-2 0 0 0 0
Wideband first PMI i1,2-2 0 0 0 0
Wideband first PMI i1,p-2 2 2 0 0
Subband second PMI i2 6N 12N 4N 4N
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Table 5.2.2.6.2-2E-5: Fields for channel quality information feedback for higher layer configured
subband CQI and subband PMI reports (transmission mode 9/10 configured with subband PMI
reporting with 8 antenna ports, and higher layer parameter advancedCodebookEnabled=TRUE)

Field Bitwidth
Rank =1 Rank =2 Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMI i1,1-1 [log,(N,0,) ] | [log,(N,0,)] 2 2
Wideband first PMI i1,2-1 0 0 0 0
Wideband first PMI i1,1-2 [log, (L) | [log, (L) | 0 0
Wideband first PMI i1,2-2 0 0 0 0
Wideband first PMI i1,p-2 2 2 0 0
Subband second PMI i2 6N 12N 4N 3N
Field Bitwidth
Rank =5 Rank =6 Rank =7 | Rank =8

Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 4 4 4 4
Subband differential CQI codeword 1 2N 2N 2N 2N
Wideband first PMI i1,1-1 2 2 2 0
Wideband first PMI i1,2-1 0 0 0 0
Wideband first PMI i1,1-2 0 0 0 0
Wideband first PMI i1,2-2 0 0 0 0
Wideband first PMI i1,p-2 0 0 0 0
Subband second PMI i2 0 0 0 0
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Table 5.2.2.6.2-2E-6: Fields for channel quality information feedback for higher layer configured
subband CQI and subband PMI reports (transmission mode 9/10 configured with higher layer
parameters advancedCodebookEnabled and eMIMO-Type, and advancedCodebookEnabled= TRUE
and eMIMO-Type is set to 'CLASS A" with codebook configuration (N,N,,Q,Q) and

CodebookConfig=1)

Field Bitwidth
Rank =1 Rank =2 Rank =3 Rank =4
Wideband CQI
codeword 0 4 4 4 4
Subband
differential CQI 2N 2N 2N 2N
codeword 0
Wideband CQI
codeword 1 0 4 4 4
Subband
differential CQI 0 2N 2N 2N
codeword 1
Wideband first ©) 9-N N,0, 9-N
PMIi1,1-1 |_|092(N101)-‘ ’_Iogz(Nlolﬂ POQZ{“X{Z*{ 5 ZJJH {'Wz(éﬁx(z*{ 8 ZDH
Wideband first
PMI i1,2-1 [log,(N,0,)] [log,(N,0;)] [Ing(Nzoz)—' |_|092(N202)—|
Wideband first
sorare 51 Tlogy(L)] | [logy(Ly) ] 0 0
Wideband first
PMI il,2-2 ’_IOQZ(LZ)—‘ |_|ng(|—2)—| 0 0
Wideband first
PMI i1,p-2 2 2 0 0
Subband
second PMI i2 6N 12N N N
Field Bitwidth
Rank =5 Rank =6 Rank =7 Rank =8
Wideband CQI
codeword 0 4 4 4 4
Subband
differential CQI 2N 2N 2N 2N
codeword 0
Wideband CQI
codeword 1 4 4 4 4
Subband
differential CQI 2N 2N 2N 2N
codeword 1
Wi first
g&??ﬁi_irs ﬂ()gz(N101/§)—| (Ing(Nlolls.ﬂ ﬂ()gz(N101/§)—| (Ing(Nlolls.ﬂ
Ve | Nog,(N.0,/8)] [[tog, (NO,/S,)]|  [log, (NO,/S,)] [10g, (N,0,/S,)]
Wideband first
PMIi1,1-2 0 0 0 0
Wideband first
PMIi1,2-2 0 0 0 0
Wideband first
PMI i1,p-2 0 0 0 0
Subband
second PMI i2 0 0 0 0
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Table 5.2.2.6.2-2E-7: Fields for channel quality information feedback for higher layer configured
subband CQI and subband PMI reports (transmission mode 9/10 configured with higher layer
parameters advancedCodebookEnabled and eMIMO-Type, and advancedCodebookEnabled= TRUE
and eMIMO-Type is set to 'CLASS A" with codebook configuration (N, N,,Q,Q) and

CodebookConfig=2/3/4)

Field Bitwidth
Rank =1 Rank =2 Rank =3 Rank =4
Wideband CQI
codeword 0 4 4 4 4
Subband
differential CQI 2N 2N 2N 2N
codeword 0
Wideband CQI
codeword 1 0 4 4 4
Subband
differential CQI 0 2N 2N 2N
codeword 1
Wideband first N,O 9-N N,O, 9-N
PMIi1,1-1 [logo(N;Oy)] | [log, (NG )] ('og{ 5 X[Zﬂszjm Pog{éllx(zﬂszﬁﬂ
Wideband first N,O N,O
PMIi12-1 [10g5(N,0,)] | [log,(N,0,)] {'092 [fﬂ POQZ (f
Wideband first
e 51 Tlogy(L)] | [ogy(Ly) ] 0 0
Wideband first
oaont | logy(L)] | [logy(Ly)] 0 0
Wideband first
PMI i1,p-2 2 2 0 0
Subband
second PMI i2 6N 12N 4N 3N
Field Bitwidth
Rank =5 Rank =6 Rank =7 Rank =8
Wideband CQI
codeword O 4 4 4 4
Subband
differential CQI 2N 2N 2N 2N
codeword 0
Wideband CQI
codeword 1 4 4 4 4
Subband
differential CQI 2N 2N 2N 2N
codeword 1
Wideband first
Voo™ | 10g,(N0,/S)] |[10,(N.O,/S)]|  [log,(NO,/S,)] [log, (N.0,/S,)]
Wideband first
PMI i1,1-2 0 0 0 0
Wideband first
PMI i1,2-2 0 0 0 0
Wideband first
PMI i1,p-2 0 0 0 0
Subband
second PMI i2 0 0 0 0

Table 5.2.2.6.2-2E-8 shows the fields and the corresponding bit widths for i1 for higher layer configured subband CQI
reports for PDSCH transmissions associated with transmission mode 9/10 configured with higher layer parameter
eMIMO-Type and eMIMO-Type2, and eMIMO-Type is set to 'CLASS A" with 8/12/16/20/24/28/32 antenna ports and
eMIMO-Type2 is set to 'CLASS B', where ilis associated with Class A.
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Table 5.2.2.6.2-2E-8: Fields for il feedback (transmission mode 9/10 configured with higher layer
parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type is set to 'CLASS A" with codebook
configuration (N,N,,Q,Q) , where i1 is associated with Class A)

Bit width
Field Max 1 or 2 layers Max 4 or 8 layers
Rank =1 Rank =1 Rank =3
Wideband
first PMI [10g,(N,O, /)] [l0g, (N0, /8))] {'OQZ(NQQX[“V}MDH
i1,1
Wideband
firs_;- F;N” |7|092(N202/Sz )—| |7|092(N202/Sz )—| |V|ng(N202/SZ)—|
11,

Table 5.2.2.6.2-2E-9: Fields for channel quality information feedback for higher layer configured
subband CQIl and subband PMI reports with 4 antenna ports (transmission mode 10 configured with
subband PMI/RI reporting with 4 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-

Type is set to 'CLASS B' with K>1 and higher layer parameter feCoMP-CSI-Enabled=true, with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Field Bitwidth for CRI=0 or 1
Rank=1 | Rank=2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMI i1 4 4 0 0
Subband second PMI i2 4N 4N 4N 4N
Field Bitwidth for CRI=2
Rank=1 | Rank=2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 4 4 4 4
Subband differential CQI codeword 1 2N 2N 2N 2N
Wideband first PMI i1 codeword 0 4 4 0 0
Subband second PMI i2 codeword 0 4N 4N 4N 4N
Wideband first PMI i1 codeword 1 4 4 0 0
Subband second PMI i2 codeword 1 4N 4N 4N 4N

Table 5.2.2.6.2-3 shows the fields and the corresponding bit width for the rank indication feedback for higher layer
configured subband CQI reports for PDSCH transmissions associated with transmission mode 3, transmission mode 4,
transmission mode 8 configured with PMI/RI reporting, transmission mode 9 configured with PMI/RI reporting with
2/4/8 antenna ports, transmission mode 10 configured with PMI/RI reporting with 2/4/8 antenna ports, and transmission
mode 9/10 configured with PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and
eMIMO-Typeis set to 'CLASS B' with K=1, transmission mode 9/10 configured with PMI/RI reporting and higher layer
parameter csi-RS-NZP-mode is set to 'multi-shot’ with activatedResources=1 and more than one port for the activated
CSI-RS resource, transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter csi-RS
ConfigNZP-ApList and the higher layer parameter csi-RS-NZP-mode is set to ‘aperiodic’ and more than one port for the
activated CSI-RS resource, transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-
Type2, and eMIMO-Type2 configured with PMI/RI reporting with 2/4/8 antenna ports and rank indication is associated
with eMIMO-Type2, transmission mode 9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports
and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A', and transmission mode 9/10
configured without PMI reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with
K=1 with 2/4/8 antenna ports, transmission mode 9/10 configured without PMI reporting and higher layer parameter
csi-RSNZP-mode is set to 'multi-shot' with activatedResources=1 and more than one port for the activated CSI-RS
resource, transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter csi-RS-ConfigNZP-
ApList and the higher layer parameter csi-RS-NZP-mode is set to 'aperiodic' and more than one port for the activated
CSI-RS resource, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-
Type2, and eMIMO-Type2 configured without PMI reporting with 2/4/8 antenna ports and rank indication is associated
with eMIMO-Type2.

ETSI




3GPP TS 36.212 version 15.2.1 Release 15 95 ETSI TS 136 212 V15.2.1 (2018-07)

Table 5.2.2.6.2-3A shows the fields and the corresponding bit width for the CSI-RS resource indication feedback for
higher layer configured subband CQI reports for PDSCH transmissions associated with transmission mode 9/10
configured with 1 antenna port for each CSI-RS resource except with feCoMP-CSl -Enabled=true and higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with K>1 except with higher layer parameter csi-RS
NZP-mode configured, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-
Type2, and eMIMO-Typeis set to 'CLASS B' with K>1, where CRI is associated with the eMIMO-Type.

Table 5.2.2.6.2-3B shows the fields and the corresponding bit width for the joint CRI and RI feedback for higher layer
configured subband CQI reports for PDSCH transmissions associated with transmission mode 9/10 configured without
PMI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with K>1 except with
feCoMP-CS -Enabled=true, and except with higher layer parameter csi-RS-NZP-mode configured, transmission mode
9/10 configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B’
with K>1 except with feCoMP-CS -Enabled=true and 2/4/8 antenna ports except with higher layer parameter csi-RS
NZP-mode configured.

Table 5.2.2.6.2-3C shows the fields and the corresponding bit width for the CSI-RS resource indication feedback for
higher layer configured subband CQI reports for PDSCH transmissions associated with transmission mode 9/10
configured with higher layer parameter csi-RS-NZP-mode set to 'multi-shot’ and with activatedResour ces, and 1 antenna
port per activated CSI-RS resource except with feCoMP-CS -Enabled=true. N is the value of higher layer parameter
activatedResour ces.

Table 5.2.2.6.2-3D shows the fields and the corresponding bit width for the joint CRI and RI feedback for higher layer
configured subband CQI reports for PDSCH transmissions associated with transmission mode 9/10 configured without
PMI reporting and higher layer parameter csi-RS-NZP-mode is set to 'multi-shot' and with activatedResources>1 and
more than one port for at least one activated CSI-RS resource except with feCoMP-CS -Enabled=true, and transmission
mode 9/10 configured with PMI/RI reporting and higher layer parameter csi-RS-NZP-mode is set to ‘'multi-shot' and
with activatedResources>1 and more than one port for at least one activated CSI-RS resource except with feCoMP-CS -
Enabled=true. N is the value of higher layer parameter activatedResources.

Table 5.2.2.6.2-3E shows the fields and the corresponding bit width for the rank indication feedback for higher layer
configured subband CQI reports for PDSCH transmissions associated with transmission mode 9/10 configured with
higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to 'CLASS A’ with
8/12/16/20/24/28/32 antenna ports and eMIMO-Type2 is set to 'CLASS B', where rank indication is associated with the
eMIMO-Type.

Table 5.2.2.6.2-3F shows the fields and the corresponding bit width for the joint CRI and RI feedback for higher layer
configured subband CQI reports for PDSCH transmissions associated with transmission mode 10 configured without
PMI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with K>1 and higher
layer parameter feCoMP-CS -Enabled=true except with higher layer parameter csi-RS-NZP-mode configured,
transmission mode 10 configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis
set to 'CLASS B' with K>1 CSI-RS resources and more than one port for at least one CSI-RS resource and higher layer
parameter feCoMP-CS -Enabled=true, transmission mode 10 configured without PMI reporting and higher layer
parameter csi-RS-NZP-mode is set to 'multi-shot’ and with activatedResources>1 and more than one port for at least one
activated CSI-RS resource and higher layer parameter feCoMP-CS -Enabled=true, and transmission mode 10
configured with PMI/RI reporting and higher layer parameter csi-RS-NZP-mode is set to 'multi-shot' and with
activatedResources>1 and more than one port for at least one activated CSI-RS resource and higher layer parameter
feCoMP-CSl-Enabled=true. In the case of CRI=2, Rank indication in Table 5.2.2.6.2-3F corresponds to { RIO, RI1},
where RIO0 isthe rank indication for codeword 0 and RI1 is the rank indication for codeword 1.

Table 5.2.2.6.2-3G shows the fields and the corresponding bit width for the CRI feedback for higher layer configured
subband CQI reports for PDSCH transmissions associated with transmission mode 10 configured with PMI/RI reporting
and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with K>1 CSI-RS resources and one
port for each CSI-RS resource and higher layer parameter feCoMP-CSl -Enabled=true, and transmission mode 10
configured with higher layer parameter csi-RS-NZP-mode set to ‘multi-shot' and with activatedResources>1, and 1
antenna port per activated CSI-RS resource and higher layer parameter feCoMP-CSl -Enabled=true.
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Table 5.2.2.6.2-3: Fields for rank indication feedback for higher layer configured subband CQI reports
(transmission mode 3, transmission mode 4, transmission mode 8 configured with PMI/RI reporting,
transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports, transmission mode

10 configured with PMI/RI reporting with 2/4/8 antenna ports, transmission mode 9/10 configured with

PMI/RI or without PMI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type,
and eMIMO-Type is set to 'CLASS B' with K=1, transmission mode 9/10 configured with PMI/RI or
without PMI reporting and higher layer parameter csi-RS-NZP-mode is set to ‘multi-shot’ with
activatedResources =1 and more than one port for the activated CSI-RS resource, transmission
mode 9/10 configured with PMI/RI reporting and higher layer parameter csi-RS-ConfigNZP-ApList and
the higher layer parameter csi-RS-NZP-mode is set to 'aperiodic’ and more than one port for the
activated CSI-RS resource, transmission mode 9/10 configured with higher layer parameter eMIMO-

Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI or without PMI reporting with 2/4/8

antenna ports and rank indication is associated with eMIMO-Type2, and transmission mode 9/10
configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to 'CLASS A")

Bit width
Field 2 antenna 4 antenna ports 8/12/16/20/24/28/32 antenna ports
ports Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
layers layers layers layers layers
Rank 1 1 2 1 2 3
indication

Table 5.2.2.6.2-3A: Fields for CRI feedback for higher layer configured subband CQI reports
(transmission mode 9/10 configured with 1 antenna port for each CSI-RS resource except with
feCoMP-CSI-Enabled=true and higher layer parameter eMIMO-Type, and eMIMO-Type is set to

'CLASS B' with K>1 except with higher layer parameter csi-RS-NZP-mode configured, and
transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and
eMIMO-Type is set to 'CLASS B' with K>1, where CRI is associated with the eMIMO-Type)

Field Bit width
K=2 K=3and K=4 K=5to K=8
CRI 1 2 3

Table 5.2.2.6.2-3B: Fields for joint CRI and RI feedback for higher layer configured subband CQI
reports (transmission mode 9/10 configured without PMI reporting and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1 except with feCoMP-CSI-Enabled=true,
and except with higher layer parameter csi-RS-NZP-mode configured, and transmission mode 9/10
configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to
'CLASS B' with K>1 except with feCoMP-CSI-Enabled=true and 2/4/8 antenna ports except with
higher layer parameter csi-RS-NZP-mode configured)

Bit width
" 4 antenna ports 8 antenna ports
Field 2 anot;etr;na Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
P layers layers layers layers layers
CRI [log, (K)] [log,(K)| | [log,(K)] | T[log,(K)] | [log,(K)] | [log,(K)]
_ Rank 1 1 2 1 2 3
indication

Table 5.2.2.6.2-3C: Fields for CRI feedback for higher layer configured subband CQI reports
(transmission mode 9/10 configured with higher layer parameter csi-RS-NZP-mode set to 'multi-shot'
and with activatedResources>1, and 1 antenna port per activated CSI-RS resource except with
feCoMP-CSI-Enabled=true)

) Bit width
FIEld =2 N=3and N=4
CRI 1 2
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Table 5.2.2.6.2-3D: Fields for joint CRI and RI feedback for higher layer configured subband CQI
reports (transmission mode 9/10 configured without PMI reporting and higher layer parameter csi-
RS-NZP-mode is set to 'multi-shot' and with activatedResources>1 and more than one port for at
least one activated CSI-RS resource except with feCoMP-CSI-Enabled=true, and transmission mode
9/10 configured with PMI/RI reporting and higher layer parameter csi-RS-NZP-mode is set to 'multi-
shot' and with activatedResources>1 and more than one port for at least one activated CSI-RS

resource except with feCoMP-CSI-Enabled=true)

Bit width
. 4 antenna ports 8 antenna ports
ek 2 an(;[:atr;na Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
P layers layers layers layers layers
CRI [log,(N)] | [log,(N)] | [log,(N)] | [log,(N)] | [log,(N)] | [log,(N)]
Rank
indication 1 1 2 1 2 3

Table 5.2.2.6.2-3E: Fields for rank indication feedback for higher layer configured subband CQI
reports (transmission mode 9/10 and higher layer parameter eMIMO-Type and eMIMO-TypeZ2, and
eMIMO-Type set to 'CLASS A’ and eMIMO-Type2 is set to 'CLASS B', where rank indication is
associated with the eMIMO-Type)

Bit width
Field 8/12/16/20/24/28/32 antenna ports
Max 1 or 2 layers | Max 4 or 8 layers
Rank indication 0 1

Table 5.2.2.6.2-3F: Fields for joint CRI and RI feedback for higher layer configured subband CQI
reports (transmission mode 10 configured without PMI reporting and higher layer parameter eMIMO-
Type, and eMIMO-Type is set to 'CLASS B' with K>1 and higher layer parameter feCoMP-CSI-
Enabled=true except with higher layer parameter csi-RS-NZP-mode configured, transmission mode
10 configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set
to 'CLASS B' with K>1 CSI-RS resources and more than one port for at least one CSI-RS resource
and higher layer parameter feCoMP-CSI-Enabled=true, transmission mode 10 configured without PMI
reporting and higher layer parameter csi-RS-NZP-mode is set to 'multi-shot' and with
activatedResources>1 and more than one port for at least one activated CSI-RS resource and higher
layer parameter feCoMP-CSI-Enabled=true, and transmission mode 10 configured with PMI/RI
reporting and higher layer parameter csi-RS-NZP-mode is set to 'multi-shot' and with
activatedResources>1 and more than one port for at least one activated CSI-RS resource and higher
layer parameter feCoMP-CSI-Enabled=true)

Bit width
. 4 antenna ports 8 antenna ports
FIEld 2 anc;[retr;na Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
P layers layers layers layers layers
CRI 2 2 2 2 2 2
_ Rank 2 2 4 2 4 4
indication

Table 5.2.2.6.2-3G: Fields for CRI feedback for higher layer configured subband CQI reports
(transmission mode 10 configured with PMI/RI reporting and higher layer parameter eMIMO-Type,
and eMIMO-Type is set to 'CLASS B' with K>1 CSI-RS resources and one port for each CSI-RS
resource and higher layer parameter feCoMP-CSI-Enabled=true, and transmission mode 10
configured with higher layer parameter csi-RS-NZP-mode set to 'multi-shot' and with
activatedResources>1, and 1 antenna port per activated CSI-RS resource and higher layer parameter
feCoMP-CSI-Enabled=true)

Field Bit width
CRI 2
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The channel quality bitsin Table 5.2.2.6.2-1, Table 5.2.2.6.2-1B, Table 5.2.2.6.2-1B-1, Table 5.2.2.6.2-2, Table
5.2.2.6.2-2-1, Table5.2.2.6.2-2A, Table 5.2.2.6.2-2A-1, Table 5.2.2.6.2-2B, Table 5.2.2.6.2-2C, Table 5.2.2.6.2-2C-1,
Table5.2.2.6.2-2D, Table 5.2.2.6.2-2D-1, Table 5.2.2.6.2-2E, Table 5.2.2.6.2-2B-1, Table 5.2.2.6.2-2B-2, Table
5.2.2.6.2-2B-3, Table 5.2.2.6.2-2B-4, Table 5.2.2.6.2-2B-5, Table 5.2.2.6.2-2B-6, Table 5.2.2.6.2-2B-7, Table 5.2.2.6.2-
2B-8, Table 5.2.2.6.2-2B-9, Table 5.2.2.6.2-2B-10, Table 5.2.2.6.2-2B-11, Table 5.2.2.6.2-2E-1, Table 5.2.2.6.2-2E-2,
Table5.2.2.6.2-2E-3, Table 5.2.2.6.2-2E-4, Table 5.2.2.6.2-2E-5, Table 5.2.2.6.2-2E-6, Table 5.2.2.6.2-2E-7, Table
5.2.2.6.2-2E-9, Table 5.2.2.6.2-3B, and Table 5.2.2.6.2-3D form the bit sequence 0,,0;,0,,...,05_; With 0,

corresponding to the first bit of the first field in each of the tables, o, corresponding to the second bit of the first field in
each of thetables, and o,_; corresponding to the last bit in the last field in each of the tables. The field of the PMI and

subband differential CQI shall be in the increasing order of the subband index [3]. Thefirst bit of each field corresponds
to MSB and the last bit LSB. The RI bits sequencein Tables 5.2.2.6.2-3, 5.2.2.6.2-3B, 5.2.2.6.2-3D, 5.2.2.6.2-3E,
5.2.2.6.2-3F and the CRI sequencein Tables5.2.2.6.2-3A, 5.2.2.6.2-3C and 5.2.2.6.2-3G are encoded according to
subclause 5.2.2.6.

For transmission mode 9/10 configured with Class B CSl reporting and K>1 except with feCoMP-CS -Enabled=true,
the number of antenna port in Table 5.2.2.6.2-3B (or Table 5.2.2.6.2-3F with feCoMP-CS -Enabled=true) refersto the
maximum number of antenna ports of K CSI-RS resources configured for the CSI-process for the UE.

For transmission mode 9/10 configured with Class B CSl reporting and K>1 except with feCoMP-CS -Enabled=true
and with activatedResources>1, the number of antenna port in Table 5.2.2.6.2-3D refers to the maximum number of
antenna ports of N CSI-RS resources activated for the CSl-process for the UE. N isthe value of higher layer parameter
activatedResources.

For a UE configured with the higher layer parameter shortTTlI, the entries associated with codeword 1 in Table
5.2.26.2-1A, Tahle5.2.2.6.2-2, Table 5.2.2.6.2-2A, Table 5.2.2.6.2-2B, Table 5.2.26.2-2B1, Table 5.2.26.2-2B2, Table
5.2.26.2-2B3, Table 5.2.26.2-2B4, Table 5.2.26.2-2B5, Table 5.2.26.2-2B6, Table 5.2.26.2-2B7, Table 5.2.26.2-2B8,
Table 5.2.26.2-2B9, Table 5.2.26.2-2B10, Table 5.2.2.6.2-2C, Table 5.2.2.6.2-2D, Table 5.2.2.6.2-2E, Table 5.2.2.6.2-
2E-1, Table 5.2.2.6.2-2E-2, Table 5.2.2.6.2-2E-3, Table 5.2.2.6.2-2E-4, Table 5.2.2.6.2-2E-5, Table 5.2.2.6.2-2E-6,
Table5.2.2.6.2-2E-7 and Table 5.2.2.6.2-2E-8 are not applicable.

5.2.2.6.3 Channel gquality information formats for UE selected subband CQI reports

Table 5.2.2.6.3-1 shows the fields and the corresponding bit widths for the channel quality information feedback for UE
selected subband CQI for PDSCH transmissions associated with transmission mode 1, transmission mode 2,
transmission mode 3, transmission mode 7, transmission mode 8 configured without PMI/RI reporting, transmission
mode 9 configured without PMI/RI reporting or configured with 1 antenna port, transmission mode 10 configured
without PMI/RI reporting or configured with 1 antenna port except with feCoMP-CSl -Enabled=true, and transmission
mode 6 for BL/CE UEs. L inTable5.2.2.6.3-1 is defined in subclause 7.2 of [3].

Table 5.2.2.6.3-1A shows the fields and the corresponding bit widths for the channel quality information feedback for
UE selected subband CQI for PDSCH transmissions associated with transmission mode 9/10 configured without PMI
reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with 2/4/8 antenna ports
except with feCoMP-CS -Enabled=true, transmission mode 9/10 configured with higher layer parameter eMIMO-Type
and eMIMO-Type2, and eMIMO-Type2 configured without PMI reporting with 2/4/8 antenna ports.

Table 5.2.2.6.3-1B show the fields and the corresponding bit widths for the channel quality information feedback for
UE selected subband CQI for PDSCH transmissions associated with transmission mode 10 configured without PMI/RI
reporting or configured with 1 antenna port and higher layer parameter feCoMP-CS -Enabled=true.

Table 5.2.2.6.3-1B-1 show the fields and the corresponding bit widths for the channel quality information feedback for
UE selected subband CQI for PDSCH transmissions associated with transmission mode 10 configured without PMI
reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B' with 2/4/8 antenna ports and
higher layer parameter feCoMP-CSl -Enabled=true.

For Table 5.2.2.6.3-1B and Table 5.2.2.6.3-1B-1, in the case of CRI=2, the rank value correspondsto RIO for codeword
0 and RI1 for codeword 1.
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Table 5.2.2.6.3-1: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 1, transmission mode 2, transmission mode 3, transmission mode 7,
transmission mode 8 configured without PMI/RI reporting, transmission mode 9 configured without
PMI/RI reporting or configured with 1 antenna port, transmission mode 10 configured without PMI/RI
reporting or configured with 1 antenna port except with feCoMP-CSI-Enabled=true, and transmission
mode 6 for BL/CE UESs)

Field Bit width
Wide-band CQI codeword 4
Subband differential CQI 2
Position of the M selected subbands L

Table 5.2.2.6.3-1A Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 9/10 configured without PMI reporting and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with 2/4/8 antenna ports except with feCoMP-CSI-
Enabled=true, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 configured without PMI reporting with 2/4/8 antenna ports)

Field Bit width
Rank =1 | Rank >1

Wide-band CQI codeword 0
Subband differential CQI codeword 0
Wide-band CQI codeword 1
Subband differential CQI codeword 1
Position of the M selected subbands

—lolon|s
= LNIEN TN ES

Table 5.2.2.6.3-1B: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 10 configured without PMI/RI reporting or configured with 1 antenna port
and higher layer parameter feCoMP-CSI-Enabled=true)

Field Bit width for CRI=0 or 1
Wide-band CQI 4
Subband differential CQI 2
Position of the M selected subbands L
Field Bit width for CRI=2

Wide-band CQI codeword 0
Subband differential CQI codeword 0
Wide-band CQI codeword 1
Subband differential CQI codeword 1
Position of the M selected subbands

FIN|BA N~

Table 5.2.2.6.3-1B-1: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 10 configured without PMI reporting and higher layer parameter eMIMO-
Type, and eMIMO-Type is set to 'CLASS B' with 2/4/8 antenna ports and higher layer parameter
feCoMP-CSI-Enabled=true)

Field Bit width for CRI=0or 1
Rank =1 Rank >1
Wide-band CQI codeword 0 4 4
Subband differential CQI codeword 0 2 2
Wide-band CQI codeword 1 0 4
Subband differential CQI codeword 1 0 2
Position of the M selected subbands L L
Field Bit width for CRI=2
Rank =1 Rank >1
Wide-band CQI codeword 0 4 4
Subband differential CQI codeword 0 2 2
Wide-band CQI codeword 1 4 4
Subband differential CQI codeword 1 2 2
Position of the M selected subbands L L
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Table5.2.2.6.3-2, Table 5.2.2.6.3-2A and Table 5.2.2.6.3-2B show the fields and the corresponding bit widths for the
channel quality information feedback for UE selected subband CQI for PDSCH transmissions associated with
transmission mode 4, transmission mode 6, transmission mode 8 configured with PMI/RI reporting, transmission mode
9 configured with PMI/RI reporting with 2/4/8 antenna port except with advancedCodebookEnabled=TRUE,
transmission mode 10 configured with PMI/RI reporting with 2/4/8 antenna ports except with
advancedCodebookEnabled=TRUE, and transmission mode 9/10 configured with PMI/RI reporting with 2/4/8 antenna
ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1 except with feCoMP-
CS-Enabled=true and K=1 except with alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10
configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI
reporting with 2/4/8 antenna ports except with alter nativeCodebookEnabledCLASSB _K1=TRUE, where the number of
configured CSI-RS resourcesin a CSl process K is defined in [3] and alternativeCodebookEnabledCLASSB K1 is
configured by higher layers[6].

Table5.2.2.6.3-2-1 and Table 5.2.2.6.3-2A-1 show the fields and the corresponding bit widths for the channel quality
information feedback for UE selected subband CQI for PDSCH transmissions associated with transmission mode 10
configured with PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type
isset to 'CLASS B' with K>1, and higher layer parameter feCoMP-CSl -Enabled=true, except with
alternativeCodeBookEnabledFor4TX-r12=TRUE. The number of configured CSI-RS resourcesin a CS| processK is
defined in [3].

Table 5.2.2.6.3-2B-1 shows the fields and the corresponding bit widths for the channel quality information feedback for
UE selected subband CQI for PDSCH transmissions associated with transmission mode 10 configured with PMI/RI
reporting with 4 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with
K>1, and higher layer parameter feCoMP-CS -Enabled=true, with alternativeCodeBookEnabledFor4TX-r12=TRUE.
The number of configured CSI-RS resourcesin a CSl process K isdefined in [3].

For Table 5.2.2.6.3-2-1, Table 5.2.2.6.3-2A-1 and Table 5.2.2.6.3-2B-1, in the case of CRI=2, the rank value
corresponds to RIO for codeword 0 and RI1 for codeword 1.

Table5.2.2.6.3-2C and Table 5.2.2.6.3-2D show the fields and the corresponding bit widths for the channel quality
information feedback for UE selected subband CQI for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and higher layer parameter eMIMO-Type,
and eMIMO-Typeis set to 'CLASS A' except with advancedCodebookEnabled=TRUE.

Table 5.2.2.6.3-2E shows the fields and the corresponding bit widths for the channel quality information feedback for
UE selected subband CQI for PDSCH transmissions associated with transmission mode 9/10 configured with PMI/RI
reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with
K=1 and alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher layer
parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 2/4/8 antenna
ports with alternativeCodebookEnabledCLASSB_K1=TRUE.

Table5.2.2.6.3-2F and Table 5.2.2.6.3-2G show the fields and the corresponding bit widths for the channel quality
information feedback for UE selected subband CQI for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting with 4/8 antenna ports and higher layer parameter
advancedCodebookEnabled=TRUE.

Table5.2.2.6.3-2H and Table 5.2.2.6.3-21 show the fields and the corresponding bit widths for the channel quality
information feedback for UE selected subband CQI for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and higher layer parameters
advancedCodebookEnabled and eMIMO-Type, and eMIMO-Typeis set to 'CLASS A' and
advancedCodebookEnabled=TRUE.

For Table 5.2.2.6.3-2, Table 5.2.2.6.3-2-1, Table 5.2.2.6.3-2A, Tahle 5.2.2.6.3-2A-1, Table 5.2.2.6.3-2B, Table
5.2.2.6.3-2B-1, Tahle 5.2.2.6.3-2C, Tahle 5.2.2.6.3-2D, Table 5.2.2.6.3-2E, Table 5.2.2.6.3-2F, Table 5.2.2.6.3-2G,
Table5.2.2.6.3-2H and Table 5.2.2.6.3-21, L isdefined in subclause 7.2 of [3]. For Table 5.2.2.6.3-2C, Table 5.2.2.6.3-
2D, Table 5.2.2.6.3-2G, Table 5.2.2.6.3-2H, Table 5.2.2.6.3-2| and Table 5.2.2.6.3-2], the codebook configuration

(N,,N,,0,,0,) isdefinedin[3], and CodebookConfig is configured by higher layers [6]. The parameters (S, S,)
inrank 1 and rank 2 are defined as (S;, S, ) = (1, 1) for CodebookConfig=1and (S,,S, )= (2, 2) for
CodebookConfig =2, 3and 4. The parameters (S , S, ) inrank 3 and 4 are defined as (S,, S, ) = (1, 1) for

o O O
CodebookConfig=1, (S,,S, )= (71 ,72} for CodebookConfig=2, (S,, S, )= (Ol : éj for CodebookConfig=3,
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O
(S,S,)= (Ol , sz for CodebookConfig=4. The parameters (S,, S, ) in rank 5 to 8 are defined as

O O
(S,,S,)=(1,1) for CodebookConfig=1, (S,, S, )= [71 ,sz for CodebookConfig=2/3/4. The parameters

(L,L,) aredefinedas L, = min{4,N,}and L, =2 for N, >N, and N, #1, L, =2 and L, = min{4,N, }
for Ny<N,and N, 21, L, =min{8,N,} and L, =1 for N, =1.

Table 5.2.2.6.3-2: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 4, transmission mode 6, transmission mode 8 configured with PMI/RI
reporting except with alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 9
configured with PMI/RI reporting with 2/4 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE or advancedCodebookEnabled=TRUE, transmission
mode 10 configured with PMI/RI reporting with 2/4 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE or advancedCodebookEnabled=TRUE, transmission
mode 9/10 configured with PMI/RI reporting with 2/4 antenna ports and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1 except with feCoMP-CSI-Enabled=true,
and K=1 except with alternativeCodebookEnabledCLASSB_K1=TRUE, except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 2/4 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank=1 | Rank=2 | Rank=1 | Rank >1

Wide-band CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2 2 2 2
Wide-band CQI codeword 1 0 4 0 4
Subband differential CQI codeword 1 0 2 0 2
Position of the M selected subbands L L L L
Precoding matrix indicator 4 2 8 8

Table 5.2.2.6.3-2-1: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 10 configured with PMI/RI reporting with 2/4 antenna ports and higher
layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1, and higher layer
parameter feCoMP-CSI-Enabled=true, except with alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width for CRI=0 or 1
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank >1
Wide-band CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2 2 2 2
Wide-band CQI codeword 1 0 4 0 4
Subband differential CQI codeword 1 0 2 0 2
Position of the M selected subbands L L L L
Precoding matrix indicator 4 2 8 8
Bit width for CRI=2
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank >1
Wide-band CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2 2 2 2
Wide-band CQI codeword 1 4 4 4 4
Subband differential CQI codeword 1 2 2 2 2
Position of the M selected subbands L L L L
Precoding matrix indicator codeword O 4 2 8 8
Precoding matrix indicator codeword 1 4 2 8 8
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Table 5.2.2.6.3-2A: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 9 configured with PMI/RI reporting with 8 antenna ports except with
advancedCodebookEnabled=TRUE, transmission mode 10 configured with PMI/RI reporting with 8
antenna ports except with advancedCodebookEnabled=TRUE, transmission mode 9/10 configured
with PMI/RI reporting with 8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type
is set to 'CLASS B' with K>1 except with feCoMP-CSI-Enabled=true, and K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 8 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE)

Bit width
Field
Rank = | Rank = | Rank= | Rank= | Rank = | Rank= | Rank = | Rank =
1 2 3 4 5 6 7 8
Wide-band CQI codeword 0 4 4 4 4 4 4 4 4
Subband differential CQI 2 > > > 2 2 2 2
codeword 0
Wide-band CQI codeword 1 0 4 4 4 4 4 4 4
Subband differential CQI
codeword 1 0 2 2 2 2 2 2 2
Position of the M selected L L L L L L L L
subbands
Wideband first PMI i1 4 4 2 2 2 2 2 0
Wideband second PMI i2 4 4 4 3 0 0 0 0
Subband second PMI i2 4 4 4 3 0 0 0 0

Table 5.2.2.6.3-2A-1: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 10 configured with PMI/RI reporting with 8 antenna ports and higher
layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1, and higher layer
parameter feCoMP-CSI-Enabled=true)

Bit width for CRI=0 or 1
Rank=1 | Rank=2 | Rank=3 | Rank=4

Field
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Wide-band CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2 2 2 2
Wide-band CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2 2 2
Position of the M selected subbands L L L L
Wideband first PMI il 4 4 2 2
Wideband second PMI i2 4 4 4 3
Subband second PMI i2 4 4 4 3
Field Bitwidth for CRI=0or 1
Rank =5 Rank =6 Rank =7 Rank =8
Wide-band CQI codeword 0 4 4 4 4
Subband differential CQI codeword O 2 2 2 2
Wide-band CQI codeword 1 4 4 4 4
Subband differential CQI codeword 1 2 2 2 2
Position of the M selected subbands L L L L
Wideband first PMI i1 2 2 2 0
Wideband second PMI i2 0 0 0 0
Subband second PMI i2 0 0 0 0
Field Bit width for CRI=2
Rank =1 Rank =2 Rank =3 Rank =4
Wide-band CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2 2 2 2
Wide-band CQI codeword 1 4 4 4 4
Subband differential CQI codeword 1 2 2 2 2
Position of the M selected subbands L L L L
Wideband first PMI i1 codeword O 4 4 2 2
Wideband second PMI i2 codeword O 4 4 4 3
Subband second PMI i2 codeword 0 4 4 4 3
Wideband first PMI i1 codeword 1 4 4 2 2
Wideband second PMI i2 codeword 1 4 4 4 3
Subband second PMI i2 codeword 1 4 4 4 3

Table 5.2.2.6.3-2B: Fields for channel quality information feedback for UE selected subband CQI
reports with 4 antenna ports (transmission modes 8, 9 and 10 configured with PMI/RI reporting, 4
antenna ports and alternativeCodeBookEnabledFor4TX-r12=TRUE, except with
advancedCodebookEnabled=TRUE, transmission mode 9/10 configured with PMI/RI reporting with 4
antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1
except with feCoMP-CSI-Enabled=true, and K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE, with alternativeCodeBookEnabledFor4TX-
r12=TRUE, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 4 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE)

. Bit width
Field
Rank =1 | Rank =2 | Rank =3 | Rank =4
Wide-band CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2 2 2 2
Wide-band CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2 2 2
Position of the M selected subbands L L L L
Wideband first PMI il 4 4 0 0
Wideband second PMI i2 4 4 4 4
Subband second PMI i2 4 4 4 4
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Table 5.2.2.6.3-2B-1: Fields for channel quality information feedback for UE selected subband CQI
reports with 4 antenna ports (transmission mode 10 configured with PMI/RI reporting with 4 antenna
ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1, and
higher layer parameter feCoMP-CSI-Enabled=true, with alternativeCodeBookEnabledFor4TX-

r12=TRUE)
Field Bit width for CRI=0 or 1
Rank =1 | Rank =2 | Rank =3 | Rank =4
Wide-band CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2 2 2 2
Wide-band CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2 2 2
Position of the M selected subbands L L L L
Wideband first PMI i1 4 4 0 0
Wideband second PMI i2 4 4 4 4
Subband second PMI i2 4 4 4 4
Field Bit width for CRI=2
Rank =1 | Rank =2 | Rank =3 | Rank =4
Wide-band CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2 2 2
Wide-band CQI codeword 1 4 4 4 4
Subband differential CQI codeword 1 2 2 2 2
Position of the M selected subbands L L L L
Wideband first PMI i1 codeword O 4 4 0 0
Wideband second PMI i2 codeword O 4 4 4 4
Subband second PMI i2 codeword 0 4 4 4 4
Wideband first PMI i1 codeword 1 4 4 0 0
Wideband second PMI i2 codeword 1 4 4 4 4
Subband second PMI i2 codeword 1 4 4 4 4
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Table 5.2.2.6.3-2C: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter eMIMO-
Type, and eMIMO-Type is set to 'CLASS A" with codebook configuration (N,N,,Q,Q) and

CodebookConfig=1, except with advancedCodebookEnabled=TRUE)
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Bit width
Rank =1 Rank =2 Rank =3 Rank = 4

Field

Wide-band
cal 4 4 4 4
codeword 0
Subband
differential
cQl
codeword 0
Wide-band
cal 0 4 4 4
codeword 1
Subband
differential
cQl
codeword 1
Position of
the M
selected L L L L
subbands

S, i | oo | [

ﬁygtlc:ge,a?:}lcfz (|092(N202 )—‘ ('092(’\'202 )—| “092 ( N,O,/ Sz)—‘ ﬁng ( N,0,/ %)—‘
Wideband
second PMI 2 2 1 1

i2
Subband
second PMI 2 2 1 1
i2

Bit width
Rank =5 Rank =6 Rank =7 Rank =8

Field

Wide-band
cal 4 4 4 4
codeword O
Subband
differential
cQl
codeword 0
Wide-band
cal 4 4 4 4
codeword 1
Subband
differential
cQl
codeword 1
Position of
the M
selected L L L L
subbands

e | [0, (N.O,/S)] [[10g,(NO,/S)]|  [10g,(NO,/S)] | [log,(NO,/S)]

o oo | [109,(N,0,7S,)] [[log, (N,0,/S,)]|  [log,(N,0,/S,)] | [log, (N,0,/S,)]
Wideband
second PMI 0 0 0 0
i2
Subband
second PMI 0 0 0 0
i2
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Table 5.2.2.6.3-2D: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter eMIMO-
Type, and eMIMO-Type is set to 'CLASS A" with codebook configuration (N,N,,Q,Q) and

CodebookConfig=2/3/4, except with advancedCodebookEnabled=TRUE)
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Field

Bit width

Rank =1

Rank =2

Rank = 3

Rank =4

Wide-
band CQI
codeword

0

Subband
differential
cQl
codeword
0

Wide-
band CQI
codeword

1

Subband
differential
CQl
codeword
1

Position
of the M
selected
subbands

Wideband
first PMI
i1,1

|—|092(N101 / 2)-|

|—| 0g,(N;0; / 2)-|

o fe5])

Wideband
first PMI
i1,2

(|092(N202 /2)—‘

(|092(N202/2)—|

[10g,(N,0,/S,)]

Wideband
second
PMI i2

Subband
second
PMI i2

Field

Bit width

Rank =5

Rank = 6

Rank =7

Rank =8

Wide-
band CQI
codeword

0

Subband
differential
CQl
codeword
0

Wide-
band CQI
codeword

1

Subband
differential
Cql
codeword
1

Position
of the M
selected
subbands

Wideband
first PMI
i1,1

’_|092 ( N101/ Sl)—|

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

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

’_|092 ( N101/ Sl)—|
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Wideband
frstpui | [10g, (N0, /8,)] [[10g, (N.0:/S,)]  [10g.(N.0:/S,)] | [log, (N:0,/,)]
11,
Wideband
second 0 0 0 0
PMI i2
Subband
second 0 0 0 0
PMI i2

Table 5.2.2.6.3-2E: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 9/10 configured with PMI/RI reporting with 2/4/8 antenna ports and
higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K=1 and
alternativeCodebookEnabledCLASSB_K1=TRUE and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 2/4/8 antenna ports with alternativeCodebookEnabledCLASSB_K1=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank =2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4 4 4
Subband differential CQI codeword 0 2 2 2 2 2 2
Wideband CQI codeword 1 0 4 0 4 4 4
Subband differential CQI codeword 1 0 2 2 2 2 2
Position of the M selected subbands L L L L L L
Wideband Precoding matrix indicator 2 1 3 3 2 1
Subband Precoding matrix indicator 2 1 3 3 2 1
Bit width
Field 8 antenna ports
Rank =1 | Rank =2 | Rank =3 | Rank =4 Rank =5~8
Wideband CQI codeword 0 4 4 4 4 4
Subband differential CQI codeword 0 2 2 2 2 2
Wideband CQI codeword 1 0 4 4 4 4
Subband differential CQI codeword 1 0 2 2 2 2
Position of the M selected subbands L L L L L
Wideband Precoding matrix indicator 4 4 4 3 0
Subband Precoding matrix indicator 4 4 4 3 0

Table 5.2.2.6.3-2F: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 9/10 configured with PMI/RI reporting with 4 antenna ports and higher
layer parameter advancedCodebookEnabled=TRUE)

Field Bit width
Rank =1 | Rank =2 | Rank =3 | Rank =4

Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2 2 2 2
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2 2 2
Position of the M selected subbands L L L L
Wideband first PMI i1,1-1 3 3 0 0
Wideband first PMI i1,2-1 0 0 0 0
Wideband first PMI i1,1-2 0 0 0 0
Wideband first PMI i1,2-2 0 0 0 0
Wideband first PMI i1,p-2 2 2 0 0
Wideband second PMI i2 6 12 4 4
Subband second PMI i2 6 12 4 4
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Table 5.2.2.6.3-2G: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 9/10 configured with PMI/RI reporting with 8 antenna ports and higher
layer parameter advancedCodebookEnabled=TRUE)

Bit width
Field Rank Rank Rank Rank Rank Rank
Rank =1 Rank = 2 33 34 3 f 37 3
Wide-band CQI 4 4 4 4 4 4 4 4
codeword 0
Subband differential
CQI codeword 0 2 2 2 2 2 2 2 2
Wide-band CQI 0 4 4 4 4 4 4 4
codeword 1
Subband differential
CQI codeword 1 0 2 2 2 2 2 2 2
Position of the M
selected subbands E L L L L L L L
Wideband first PMI
A [log,(NO) | | [log,(NO) || 2 | 2 | 2 | 2 | 2 | o
Wldebgnd first PMI 0 0 0 0 0 0 0 0
i1,2-1
Wideband first PMI
Wideband first PMI
i1.2-2 0 0 0 0 0 0 0 0
Wideband first PMI
i1,p-2 2 2 0 0 0 0 0 0
Wideband second
PMI i2 6 12 4 3 0 0 0 0
Subband second
PMI 2 6 12 4 3 0 0 0 0
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Table 5.2.2.6.3-2H: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer parameters
advancedCodebookEnabled and eMIMO-Type, and advancedCodebookEnabled=True and eMIMO-
Type is set to 'CLASS A" with codebook configuration (N,N,,Q,0) and CodebookConfig=1)
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Field

Bit width

Rank =1

Rank =2

Rank =3

Rank =4

Wide-
band CQI
codeword

0

Subband
differential
CQl
codeword
0

Wide-
band CQI
codeword

1

Subband
differential
Ccql
codeword
1

Position
of the M
selected
subbands

L

L

Wideband
first PMI
i1,1-1

ﬂ OgZ(Nlol)—‘

ﬂOgZ(Nlolﬂ

Pog{'\'équ(zﬂg‘gm

)

(Iogz{N;le{2+L9_8N2

i

Wideband
first PMI
i1,2-1

|—|092(N202)-|

|—|092(N202)-|

’VIng ( Nzoz / S?)—‘

Dogz ( Nzoz / Sz)—‘

Wideband
first PMI
i1,1-2

[log,(L,) |

[log,(L,) |

Wideband
first PMI
i1,2-2

[log,(L,) ]

[log,(L,) ]

Wideband
first PMI
i1,p-2

Wideband
second
PMI i2

12

Subband
second
PMI i2

12

Field

Bit width

Rank =5

Rank = 6

Rank =7

Rank =8

Wide-
band CQI
codeword

0

Subband
differential
Cql
codeword
0

Wide-
band CQI
codeword

1

Subband
differential
cQl
codeword
1
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Position
of the M
selected L L L L
subbands
Wideband
ﬁritlpi/” [log,(N,O,/S)] |[log,(N,O,/S)] [log,(N,O,/S)]| [log,(N,O,/S)]
| , L=
Wideband
frstpmil | [log, (N.0,/S,)] |[log, (N.0:/ )] [log. (N.O,/8,)] | [log,(N.0:/S)]
| ,2-
Wideband
first PMI 0 0 0 0
i1,1-2
Wideband
first PMI 0 0 0 0
i1,2-2
Wideband
first PMI 0 0 0 0
i1,p-2
Wideband
second 0 0 0 0
PMI i2
Subband
second 0 0 0 0
PMI i2
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Table 5.2.2.6.3-21: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer parameters
advancedCodebookEnabled and eMIMO-Type, and advancedCodebookEnabled=TRUE and eMIMO-
Type is set to 'CLASS A" with codebook configuration (N,N,,Q,0) and CodebookConfig=2/3/4)
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Field

Bit width

Rank =1

Rank =2

Rank =3

Rank = 4

Wide-
band CQI
codeword

0

Subband
differential
CQl
codeword
0

Wide-
band CQI
codeword

1

Subband
differential
CQl
codeword
1

Position
of the M
selected
subbands

L

L

Wideband
first PMI
i1,1-1

ﬂogz(Nlol)—l

ﬂ ng(Nlol)—‘

(Iogz{N;le{2+L9_8N2

i

Pog{'\'élolx(zﬂg‘s'\b

]

Wideband
first PMI
i1,2-1

|—|092(N202)-|

|—|092(N202)-|

Dogz ( Nzoz / Sz)—‘

’VIng ( Nzoz / S?)—‘

Wideband
first PMI
i1,1-2

[log,(L,) |

[log,(L,) |

Wideband
first PMI
i1,2-2

[log,(L,) ]

[log,(L,) ]

Wideband
first PMI
i1,p-2

Wideband
second
PMI i2

12

Subband
second
PMI i2

12

Field

Bit width

Rank =5

Rank =6

Rank =7

Rank = 8

Wide-
band CQI
codeword

0

Subband
differential
CQl
codeword
0

Wide-
band CQI
codeword

1

Subband
differential
cQl
codeword
1
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Position

of the M L L L L

selected
subbands

Wideband

ﬁ:itle:'\LM |_|ng ( NG, / %)—‘ ’_|092 ( NG,/ Sﬂ ’_|092 ( NG,/ Sﬂ |_|ng ( NG, / %)—‘

Wideband

firstPMi- | [log, (N,O,/S,)] |[log,(N,O,/S,) [l [log,(N,0,/S,)] [10g, (N,0,/S,)]

i1,2-1

Wideband
first PMI 0 0 0 0
i1,1-2

Wideband
first PMI 0 0 0 0
i1,2-2

Wideband
first PMI 0 0 0 0
i1,p-2

Wideband
second 0 0 0 0
PMI i2

Subband
second 0 0 0 0
PMI i2

Table 5.2.2.6.3-2J shows the fields and the corresponding bit widths for i1 for UE selected subband CQI reports for
PDSCH transmissions associated with transmission mode 9/10 configured with higher layer parameter eMIMO-Type
and eMIMO-Type2, and eMIMO-Typeis set to 'CLASS A" with 8/12/16/20/24/28/32 antenna ports and eMIMO-Type2 is
set to 'CLASS B, whereilis associated with Class A.

Table 5.2.2.6.3-2J: Fields for i1 feedback (transmission mode 9/10 configured with higher layer
parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type is set to 'CLASS A" with codebook
configuration (N,N,,Q,Q) , where il is associated with Class A)

Bit width
Field Max 1 or 2 layers Max 4 or 8 layers
Rank =1 Rank =1 Rank =3
Wideband
first PMI [log,(N,0,/S))] [log,(N,0,/S))] Pogz('\glolX(Z{Q_s'\lsz
i1,1
Wideband
frst PMI [10g,(N,O,/S,)] [10g,(N,O,/S,)] [10g,(N,O, /S, )]
i1,2

Table 5.2.2.6.3-3 shows the fields and the corresponding bit widths for the rank indication feedback for UE selected
subband CQI reports for PDSCH transmissions associated with transmission mode 3, transmission mode 4, transmission
mode 8 configured with PMI/RI reporting, transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna
ports, transmission mode 10 configured with PMI/RI reporting with 2/4/8 antenna ports, transmission mode 9/10
configured with PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type
isset to 'CLASS B' with K=1, transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter
csi-RS-NZP-mode set to 'multi-shot' and with activatedResources=1 and more than one port for the activated CSI-RS
resource, transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter csi-RS-ConfigNZP-
ApList and the higher layer parameter csi-RS-NZP-mode is set to "aperiodic’ and more than one port for the activated
CSI-RS resource, transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2,
and eMIMO-Type2 configured with PMI/RI reporting with 2/4/8 antenna ports and rank indication is associated with
eMIMO-Type2, transmission mode 9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and
higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A', and transmission mode 9/10 configured
without PMI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with K=1 with
with 2/4/8 antenna ports, transmission mode 9/10 configured without PMI reporting and higher layer parameter csi-RS
NZP-mode set to 'multi-shot' and with activatedResources=1 and more than one port for the activated CSI-RS resource,
transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter csi-RS-ConfigNZP-ApList and the
higher layer parameter csi-RS-NZP-mode is set to ‘aperiodic’ and more than one port for the activated CSI-RS resource,
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and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-
Type2 configured without PMI reporting with 2/4/8 antenna ports and rank indication is associated with eMIMO-Type2.

Table 5.2.2.6.3-3A shows the fields and the corresponding bit widths for the CSI-RS resource indication feedback for
UE selected subband CQI reports for PDSCH transmissions associated with transmission mode 9/10 configured with 1
antenna port for each CSI-RS resource except with feCoMP-CS -Enabled=true and higher layer parameter eMIMO-
Type, and eMIMO-Typeis set to 'CLASS B' with K>1 except with higher layer parameter csi-RS-NZP-mode configured,
and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-
Typeisset to 'CLASS B' with K>1, where CRI is assocated with the eMIMO-Type.

Table 5.2.2.6.3-3B shows the fields and the corresponding bit widths for the joint CRI and RI feedback for UE selected
subband CQI report for PDSCH transmissions associated with transmission mode 9/10 configured without PMI
reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1 except with
feCoMP-CS -Enabled=true, and except with higher layer parameter csi-RS-NZP-mode configured, transmission mode
9/10 configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B'
with K>1 except with feCoMP-CS -Enabled=true and 2/4/8 antenna ports except with higher layer parameter csi-RS-
NZP-mode configured.

Table 5.2.2.6.3-3C shows the fields and the corresponding bit widths for the CSI-RS resource indication feedback for
UE selected subband CQI reports for PDSCH transmissions associated with transmission mode 9/10 configured with
higher layer parameter csi-RS-NZP-mode set to 'multi-shot' and with activatedResources>1 and with 1 antenna port per
activated CSI-RS resource except with feCoMP-CS-Enabled=true . N is the value of higher layer parameter
activatedResour ces.

Table 5.2.2.6.3-3D shows the fields and the corresponding bit widths for the joint CRI and RI feedback for UE selected
subband CQI report for PDSCH transmissions associated with transmission mode 9/10 configured without PMI
reporting and higher layer parameter csi-RS-NZP-mode is set to 'multi-shot' and with activatedResources>1 and more
than one port for at least one activated CS|-RS resource except with feCoMP-CSl-Enabled=true, and transmission
mode 9/10 configured with PMI/RI reporting and higher layer parameter csi-RS-NZP-mode is set to 'multi-shot' and
with activatedResources>1 and more than one port for at least one activated CSI-RS resource except with feCoMP-CS -
Enabled=true . N isthe value of higher layer parameter activatedResources.

Table 5.2.2.6.3-3E shows the fields and the corresponding bit width for the rank indication feedback for UE selected
subband CQI reports for PDSCH transmissions associated with transmission mode 9/10 configured with higher layer
parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to 'CLASS A' with8/12/16/20/24/28/32 antenna
ports and eMIMO-Type2 is set to 'CLASS B', where rank indication is associated with the eMIMO-Type.

Table 5.2.2.6.3-3F shows the fields and the corresponding bit width for the joint CRI and RI feedback for UE selected
subband CQI reports for PDSCH transmissions associated with transmission mode 10 configured without PMI reporting
and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with K>1 and higher layer parameter
feCoMP-CS -Enabled=true except with higher layer parameter csi-RS-NZP-mode configured, transmission mode 10
configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with
K>1 CSI-RS resources and more than one port for at least one CSI-RS resource and higher layer parameter feCoMP-
CS-Enabled=true, transmission mode 10 configured without PMI reporting and higher layer parameter csi-RS-NZP-
mode is set to 'multi-shot' and with activatedResources>1 and more than one port for at least one activated CSI-RS
resource and higher layer parameter feCoMP-CS -Enabled=true, and transmission mode 10 configured with PMI/RI
reporting and higher layer parameter csi-RS-NZP-mode is set to 'multi-shot' and with activatedResources>1 and more
than one port for at least one activated CSI-RS resource and higher layer parameter feCoMP-CS -Enabled=true. In the
case of CRI=2, Rank indication in Table 5.2.2.6.1-2F correspondsto { RIO, RI1}, where RIO is the rank indication for
codeword 0 and RI1 is the rank indication for codeword 1.

Table 5.2.2.6.3-3G shows the fields and the corresponding bit width for the CRI feedback for UE selected subband CQI
reports for PDSCH transmissions associated with transmission mode 10 configured with PMI/RI reporting and higher
layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with K>1 CSI-RS resources and one port for each
CSI-RS resource and higher layer parameter feCoMP-CS -Enabled=true, and transmission mode 10 configured with
higher layer parameter csi-RS-NZP-mode set to 'multi-shot' and with activatedResources>1, and 1 antenna port per
activated CSI-RS resource and higher layer parameter feCoMP-CS -Enabled=true.
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Table 5.2.2.6.3-3: Fields for rank indication feedback for UE selected subband CQI reports
(transmission mode 3, transmission mode 4, transmission mode 8 configured with PMI/RI reporting,
transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports and transmission
mode 10 configured with PMI/RI reporting with 2/4/8 antenna ports, transmission mode 9/10
configured with PMI/RI or without PMI reporting with 2/4/8 antenna ports and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to 'CLASS B’ with K=1, transmission mode 9/10 configured with
PMI/RI or without PMI reporting and higher layer parameter csi-RS-NZP-mode is set to 'multi-shot’
with activatedResources=1 and more than one port for the activated CSI-RS resource, transmission
mode 9/10 configured with PMI/RI reporting and higher layer parameter csi-RS-ConfigNZP-ApList and
the higher layer parameter csi-RS-NZP-mode is set to 'aperiodic’ and more than one port for the
activated CSI-RS resource, transmission mode 9/10 configured with higher layer parameter eMIMO-
Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI or without PMI reporting with 2/4/8
antenna ports and rank indication is associated with eMIMO-Type2, and transmission mode 9/10
configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to 'CLASS A")

Bit width
Field 2 antenna 4 antenna ports 8/12/16/20/24/28/32 antenna ports
ports Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
layers layers layers layers layers
_ Rank 1 1 2 1 2 3
indication

Table 5.2.2.6.3-3A: Fields for CSI-RS resource indication feedback for UE selected subband CQI
reports (transmission mode 9/10 configured with 1 antenna port for each CSI-RS resource except
with feCoMP-CSI-Enabled=true and higher layer parameter eMIMO-Type, and eMIMO-Type is set to
'CLASS B' with K>1 except with higher layer parameter csi-RS-NZP-mode configured, and
transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and
eMIMO-Type is set to 'CLASS B' with K>1, where CRI is assocated with the eMIMO-Type)

Field Bit width
K=2 K =3 and K=4 K=5to K=8
CRI 1 2 3

Table 5.2.2.6.3-3B: Fields for joint CRI and RI feedback for UE selected subband CQI report
(transmission mode 9/10 configured without PMI reporting and higher layer parameter eMIMO-Type,
and eMIMO-Type is set to 'CLASS B’ with K>1 except with feCoMP-CSI-Enabled=true, and except with
higher layer parameter csi-RS-NZP-mode configured, and transmission mode 9/10 configured with
PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with
K>1 except with feCoMP-CSI-Enabled=true and 2/4/8 antenna ports except with higher layer
parameter csi-RS-NZP-mode configured)

Bit width
" 4 antenna ports 8 antenna ports
Field 2 anot;etr;na Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
P layers layers layers layers layers
CRI [log, (K)] [log,(K)| | [log,(K)] | T[log,(K)] | [log,(K)] | [log,(K)]
_ Rank 1 1 2 1 2 3
indication

Table 5.2.2.6.3-3C: Fields for CSI-RS resource indication feedback for UE selected subband CQI
reports (transmission mode 9/10 configured with higher layer parameter csi-RS-NZP-mode set to
'multi-shot' and with activatedResources>1, and 1 antenna port per activated CSI-RS resource except
with feCoMP-CSI-Enabled=true)

Field

Bit width

N =

3and N=4

CRI

2
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Table 5.2.2.6.3-3D: Fields for joint CRI and RI feedback for UE selected subband CQI report
(transmission mode 9/10 configured without PMI reporting and higher layer parameter csi-RS-NZP-
mode is set to 'multi-shot' and with activatedResources>1 and more than one port for at least one

activated CSI-RS resource except with feCoMP-CSI-Enabled=true , and transmission mode 9/10
configured with PMI/RI reporting and higher layer parameter csi-RS-NZP-mode is set to 'multi-shot’
and with activatedResources>1 and more than one port for at least one activated CSI-RS resource
except with feCoMP-CSI-Enabled=true)

Bit width
. 4 antenna ports 8 antenna ports
HEE 2 anc;[retr;na Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
P layers layers layers layers layers
CRI [logo(N)] | [logo(N)] | [log,(N)] | [log,(N)] | [log,(N)] | [log,(N)]
_ Rank 1 1 2 1 2 3
indication

Table 5.2.2.6.3-3E: Fields for rank indication feedback for UE selected subband CQI reports
(transmission mode 9/10 and higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-
Type2 configured with PMI/RI or without PMI reporting with 2/4/8 antenna ports, with eMIMO-Type set
to 'CLASS A', where rank indication is associated with the eMIMO-Type)

Bit width
Field 8/12/16/20/24/28/32 antenna ports
Max 1 or 2 layers | Max 4 or 8 layers
Rank indication 0 1

Table 5.2.2.6.3-3F: Fields for joint CRI and RI feedback for UE selected subband CQI reports
(transmission mode 10 configured without PMI reporting and higher layer parameter eMIMO-Type,
and eMIMO-Type is set to 'CLASS B' with K>1 and higher layer parameter feCoMP-CSI-Enabled=true
except with higher layer parameter csi-RS-NZP-mode configured, transmission mode 10 configured
with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B’
with K>1 CSI-RS resources and more than one port for at least one CSI-RS resource and higher layer
parameter feCoMP-CSI-Enabled=true, transmission mode 10 configured without PMI reporting and
higher layer parameter csi-RS-NZP-mode is set to 'multi-shot’ and with activatedResources>1 and
more than one port for at least one activated CSI-RS resource and higher layer parameter feCoMP-
CSl-Enabled=true, and transmission mode 10 configured with PMI/RI reporting and higher layer
parameter csi-RS-NZP-mode is set to 'multi-shot' and with activatedResources>1 and more than one
port for at least one activated CSI-RS resource and higher layer parameter feCoMP-CSI-
Enabled=true)

Bit width
. 4 antenna ports 8 antenna ports
Field 2 anotretrsma Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
P layers layers layers layers layers
CRI 2 2 2 2 2 2
_ Rank 2 2 4 2 4 4
indication

Table 5.2.2.6.3-3G: Fields for CRI feedback for UE selected subband CQI reports (transmission mode
10 configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set
to 'CLASS B' with K>1 CSI-RS resources and one port for each CSI-RS resource and higher layer
parameter feCoMP-CSI-Enabled=true, and transmission mode 10 configured with higher layer
parameter csi-RS-NZP-mode set to 'multi-shot’ and with activatedResources>1, and 1 antenna port
per activated CSI-RS resource and higher layer parameter feCoMP-CSI-Enabled=true)

Field Bit width
CRI 2
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The channel quality bitsin Table 5.2.2.6.3-1, Table 5.2.2.6.3-1B, Table 5.2.2.6.3-1B-1, Table 5.2.2.6.3-2, Table
5.2.2.6.3-2-1, Table 5.2.2.6.3-2A, Table 5.2.2.6.3-2A-1, Table 5.2.2.6.3-2B, Table 5.2.2.6.3-2B-1, Table 5.2.2.6.3-2C,
Table5.2.2.6.3-2D, Table 5.2.2.6.3-2E, Table 5.2.2.6.3-2F, Table 5.2.2.6.3-2G, Table 5.2.2.6.3-2H, Table 5.2.2.6.3-2I,
Table5.2.2.6.3-3B, and Table 5.2.2.6.3-3D form the bit sequence 0y, 0;,0,,...,05_; With 0y corresponding to the first

bit of the first field in each of the tables, o, corresponding to the second bit of the first field in each of the tables, and
0g_4 corresponding to the last bit in the last field in each of the tables. The field of PMI shall start with the wideband

PMI followed by the PMI for the M selected subbands. The first bit of each field corresponds to MSB and the last bit
LSB. The RI bits sequencein Table 5.2.2.6.3-3, Table 5.2.2.6.3-3B, Tahle 5.2.2.6.3-3D, Table 5.2.2.6.3-3E, Table
5.2.2.6.3-3F, and the CRI sequence in Table 5.2.2.6.3-3A, Table 5.2.2.6.3-3C and Table 5.2.2.6.3-3G are encoded
according to subclause 5.2.2.6.

For transmission mode 9/10 configured with Class B CSl reporting and K>1, the number of antenna port in Table
5.2.2.6.3-3B (or Table 5.2.2.6.3-3F with feCoMP-CS -Enabled=true) refers to the maximum number of antenna ports
of K CSI-RS resources configured for the CSl-process for the UE.

For transmission mode 9/10 configured with Class B CSI reporting and K>1 except with feCoMP-CS -Enabled=true
and with activatedResources>1, the number of antenna port in Table 5.2.2.6.3-3D refers to the maximum number of
antenna ports of N CSI-RS resources activated for the CSl-process for the UE. N isthe value of higher layer parameter
activatedResources.

For a UE configured with the higher layer parameter shortTTlI, the entries associated with codeword 1 in Table
5.2.2.6.3-1A, Table5.2.2.6.3-2, Table 5.2.2.6.3-2A, Table 5.2.2.6.3-2B, Table 5.2.2.6.3-2C, Table 5.2.2.6.3-2D, Table
5.2.2.6.3-2E, Table 5.2.2.6.3-2F, Table 5.2.2.6.3-2G, Table 5.2.2.6.3-2H and Table 5.2.2.6.3-2| are not applicable.

5.2.2.64 Channel coding for CQI/PMI information in PUSCH

The channel quality bits input to the channel coding block are denoted by 0g,0;,05,03,...,00_1 Where O isthe number
of bits. The number of channel quality bits depends on the transmission format. When PUCCH-based reporting format
is used, the number of CQI/PMI bitsis defined in subclause 5.2.3.3.1 for wideband reports and in subclause 5.2.3.3.2
for UE selected subbands reports. When PUSCH-based reporting format is used, the number of CQI/PMI bitsis defined
in subclause 5.2.2.6.1 for wideband reports, in subclause 5.2.2.6.2 for higher layer configured subbands reports and in
subclause 5.2.2.6.3 for UE selected subbands reports.

The channel quality information isfirst coded using a (32, O) block code. The code words of the (32, O) block code are
alinear combination of the 11 basis sequences denoted M; , and defined in Table 5.2.2.6.4-1.
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Table 5.2.2.6.4-1: Basis sequences for (32, O) code

i Mio | Mix | Mi2 | Miz | Mia | Mis | Mie | Mi7 | 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
31| 1 0 0 0 0 0 0 0 0 0 0

The encoded CQI/PMI block is denoted by by, b;,b,,bs,...,bg_; where B=32 and
0-1
b= (on-Mj,)mod2 wherei=0,1,2, ..., B-L
n=0
The output bit sequence Q,,q;,d,,0;,-.., qNL-Qcol _, Isobtained by circular repetition of the encoded CQI/PMI block as
follows
di =B(imoap) Wherei =0, 1,2, ..., N.Qca-1, where N. is the number of layers the corresponding UL-SCH
transport block is mapped onto.

5.2.2.6.5 Channel coding for more than 11 bits of HARQ-ACK information

The HARQ-ACK bitsinput to the channel coding block are denoted by 0™ of ..., 0255 | where 11< 0** <22
is the number of bits.

. ACK ACK ACK CK CK CK CK ACK
The sequences of bits o5 ,0; —,0, ""'O‘gACK/zL and oACK/zW’OoACK/21+1’°oACK/21+2""'°0ACK71 are encoded

asfollows
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(OACK /2]

G= > (o,fCK-Mi’n)modZ

n=0

and

oACK _(OACK 121

G= Y (0%, Min Jmod2

n=0
wherei =0, 1, 2, ..., 31 and the basis sequences M; , are defined in Table 5.2.2.6.4-1.

The output bit sequence g5, ", g7 ...,ad" , is obtained by the concatenation and circular repetition of the it

sequences o, Gy, 0y,.-.,,G3; and Tg, 0, 0s,-.r, O3y @sfollows:
Seti=0
while i </Q/2]-Q,

ACK _ =
i = Oimods2

q
i=i+1

end while

Seti=0

while i <(@-/Q/2)-Q,

ACK _=
q(Q'/ZW-QmH = Ui mod32

i=i+1

end while

5.2.2.6A Channel coding of AUL-UCI

Control data arrives at the coding unit in the form of AUL uplink control information (AUL-UCI),

op Ve oYY oYY o8 Y and istransmitted on AUL PUSCH as defined in [3].

When the UE transmits AUL-UCI bitsin the AUL PUSCH, it shall determine the number of modulation coded symbols
per layer Q" for AUL-UCI as

PUSCH —initial (x) ~\ PUSCH —initial (x)  pPUSCH
r (O+L)-M < ) Nsymb " Foffset PUSCH PUSCH
Q =min Mg Ny

where

- O isthe number of AUL-UCI bits, and

- L isthe number of CRC bitsgivenby L =16, and
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Quiva =QW-Q'and BT = BEYY where B2V shall be determined according to [3]

depending on the number of transmission codewords for the corresponding AUL PUSCH, and where Qr(nx) isthe
modulation order of transport block "x".

- M S isthe bandwidth assigned in the most recent AUL activation DCI as defined in [3] for PUSCH
transmission for the transport block.

M ZUSernial6) N NGO and NPV are defined in 5.2.2.6.

Thevariable"X" in Kr(x) represents the transport block index corresponding to the highest Iwcs value indicated by the

most recent AUL activation DCI. In case the two transport blocks have the same lvcs value in the corresponding AUL
activation DCI, "x =1", which corresponds to the first transport block. M FYSHM @00 “C0) anq K 9 are obtained
from the most recent AUL activation DCI as defined in [3] for the same transport block.

For UL-SCH datainformation transmitted on the AUL PUSCH, G = Nix) . (N PUSCH | MSFC’USCH .Qr<nx) -Quiua ) where

symb

N fx) is the number of layers the corresponding UL-SCH transport block is mapped onto.

Table 5.2.2.6A-1 shows the fields and the corresponding bit widths for the AUL-UCI that is transmitted on the AUL
PUSCH configured for 1 transport block and 2 transport blocks, respectively.

Table 5.2.2.6A-1: Fields for AUL-UCI

Bit width
Field 1 transport 2 transport
block blocks
AUL C-RNTI 16 16
HARQ process number 4 4
Redundancy version 2 2
New data indicator 1 2
PUSCH starting symbol 1 1
PUSCH ending symbol 1 1
Channel Occupanqy ije (COT) sharing 1 1
indication

The CRC attachment, channel coding and rate matching of the AUL-UCI is performed according to subclauses 5.1.1,

5.1.3.1and 5.1.4.2, respectively. The input bit sequence to the CRC attachment operation is

Og\ vver OlAUL_UCI ) OQUL_UC' yeees ogﬁ’f U which is obtained by concatenating the fields as given in Table 5.2.2.6A-

1. 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 AUL-UCI is denoted by

o o Y ¢ A o A qﬁg;‘:im _,» where N isthe number of layers the corresponding UL-

SCH transport block is mapped onto.

5.2.2.7 Data and control multiplexing

The control and data multiplexing is performed such that HARQ-ACK information is present on both slotsand is
mapped to resources around the demodulation reference signals. In addition, the multiplexing ensures that control and

data information are mapped to different modulation symbols.

Theinputs to the data and control multiplexing are the coded bits of the control information denoted by
Qo> > A2 gs-++» ANy -Qogy -1 and the coded bits of the UL-SCH denoted by f,, f;, f,, f5,..., fg_; . The output of the data

and control multiplexing operation is denoted by go,gl,gz,gs,...,gw&,where H :(G+ N - Qcol ) and
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H’=H/(N_-Qp) , and whereg , i =0,..,H -1 are column vectors of length (Qy,-N_). H isthe total number of

coded bits allocated for UL-SCH data and CQI/PMI information acrossthe N, transmission layers of the transport
block.

In case where more than one UL-SCH transport block are transmitted in a subframe of an UL cell, the CQI/PMI
information is multiplexed with data only on the UL-SCH transport block with highest Imcs value on theinitial grant or
for the initial PUSCH. In case the two transport blocks have the same Iucs value in the corresponding initial UL grant or
for the initial PUSCH, the CQI/PMI information is multiplexed with data only on the first transport block. For that UL-
SCH transport block or in the case of single transport block transmission, and assuming that N, isthe number of layers

onto which the UL-SCH transport block is mapped, the control information and the data shall be multiplexed as
follows:

Seti, j, kto O

while j <N, Qg - first place the control information

gk = [q1 ---qJ'+NL4Qm,1]T

i=J+N_-Qn
k=k+1
end while

while i < G -- then place the data
g, =[fi fi+Qm»N|_—1]T
i=i+Quy-N_
k=k+1

end while

5.2.2.7A Data and control multiplexing for Partial PUSCH Mode 1

If the control information is channel quality information and the control information is transmitted on the Partial
PUSCH Mode 1, the UL-SCH data information and control information are multiplexed such that the CQI/PMI
information is present only on the second slot of the subframe.

Theinputs to the data and control multiplexing are the coded bits of the control information denoted by
Qo> G+ G2 Gg-++» ANy Qe -1 and the coded bits of the UL-SCH denoted by fg, fi, f5, fs,..., fg; . The output for UL-

SCH datainformationisdenotedby g ,9,.9,.9,.-9,, ., Where H=G and H'=H/(N_ -Q,) , and whereg_,
i =0,.., H =1 are column vectors of length (Qm : NL) . The output for channel quality information is denoted by

Gyr G, G, o Where G, i=0,..., Qo —1 are column vectors of length (Qm-N.) and where Q. =Quy /Q,.-
999 Gy, - 4

For a UL-SCH transport block, and assuming that N, isthe number of layers onto which the UL-SCH transport block
is mapped, the output for UL-SCH data information is obtained as follows:

Seti,ktoO

while i <G

9, =[fi .. fi+Qm«N|_—1]T
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k=k+1
end while

In case where more than one UL-SCH transport block are transmitted in a subframe of an UL cell, the CQI/PMI
information is multiplexed with data only on the UL-SCH transport block with highest Imcs value for the initial PUSCH.
In case the two transport blocks have the same Iucs value for the initial PUSCH, the CQI/PMI information is
multiplexed with data only on the first transport block. For that UL-SCH transport block or 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, the output for the CQI/PMI information is obtained as follows:
Seti,ktoO

while i < N,_.Qu

q.= [q "'qi+N,_-Qm—1]T

i=i+N_-Q,
k=k+1
end while

5.2.2.7B Data and control multiplexing for AUL PUSCH

If the control information is AUL-UCI and the control information is transmitted on the AUL PUSCH, the UL-SCH
datainformation and control information are multiplexed such that the AUL-UCI is mapped from symbol 1 to symbol
12 of the subframe.

Theinputs to the data and control multiplexing are the coded bits of the control information denoted by
G g g Y Ao, -1 @nd the coded bits of the UL-SCH denoted by

fo, f1, T2, f3,..., Ty - The output for UL-SCH data information is denoted by 9,:9,:9,: 9549, where H =G
and H'=H/(N_-Qy) , and whereg. , i =0,.., H’~1 are column vectors of length (Qp,- N|.). The output for AUL-

AUL-UCI AUL-UCI AUL-UCI

UCI is denoted by q g, s where g™ | i =0,...,Q} o —1 are column vectors of length

2 ) .
QauL-uci -1 i

(Qm' NL) and where Q,AUL—UCI =Qauuai / Qn:

For a UL-SCH transport block, and assuming that N, isthe number of layers onto which the UL-SCH transport block
is mapped, the output for UL-SCH data information is obtained as follows:

Seti,ktoO

while i < G

g, =[fi.. fi+Qm4N|_—1]T

k=k+1
end while

In case where more than one UL-SCH transport block are transmitted in a subframe of an UL cell, the AUL-UCI is
multiplexed with data only on the UL-SCH transport block with highest Imcs value indicated by the AUL activation
DCI. In case the two transport blocks have the same Iucs value in the corresponding AUL activation DCI, the AUL-UCI
is multiplexed with data only on the first transport block. For that UL-SCH transport block or in the case of single
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transport block transmission, and assuming that N, is the number of layers onto which the UL-SCH transport block is
mapped, the output for the AUL-UCI is obtained as follows:

Seti,ktoO

while i < N, Qv

gkAUL—UCI — [inUL—UCI q|.A¢.l|J\jLL_(L;:7|1]T
i=i+N_-Q,
k=k+1

end while

5.2.28 Channel interleaver

The channel interleaver described in this subclause in conjunction with the resource element mapping for PUSCH in[2]
implements a time-first mapping of modulation symbols onto the transmit waveform while ensuring that

- if the PUSCH is Partial PUSCH Mode 1, the CQI/PMI and RI information are present only on the second dlot of
the subframe regardless of the number of actually transmitted slot(s) for the subframe based on the result of the
channel access procedurein 4.2.1 defined in [8];

- if the PUSCH is Partid PUSCH Mode 2 or 3, the CQI/PMI and RI information are present only on the scheduled
dot of the subframe;

- if the PUSCH is AUL PUSCH, the AUL-UCI is mapped from symbol 1 to symbol 12 of the subframe;

- otherwise, the HARQ-ACK and RI information are present on both dotsin the subframe for PUSCH with
subframe duration. HARQ-ACK information is mapped to resources around the uplink demodulation reference
signals while RI information is mapped to resources around those used by HARQ-ACK.

The input to the channel interleaver are denoted by

R R _RI RI . . . )
- 959,09,000,, 9 -9 -9, ,...,thl _l,and 90,91,,,,,9%_1, if the PUSCH is Partial PUSCH Mode 1;

- 9,.9,,9,49,,ad g gL g | if the PUSCH is AUL PUSCH;

1 PR | v
0 —1 —Qaut-uci 1

R R R RI ACK ACK _ ACK ACK
R i A I T

- otherwise 90,91,92:---19 —Qack -1

In case where more than one UL-SCH transport block are transmitted in a subframe of an UL cell, the HARQ-ACK and
RI information are multiplexed with data on both UL-SCH transport blocks.

The number of modulation symbols per layer in the subframe is given by

Him = H'+Q4y +Qy if the PUSCH for the subframe is Partial PUSCH Mode 1and the CQI/PMI is
multiplexed with data on this UL-SCH transport block,

H.,., =H +Q, g If the PUSCH for the subframeis AUL PUSCH and the AUL-UCI is multiplexed with data
on this UL-SCH transport block, and

Hiya = H + Qg oOtherwise.
In the case sub-PRB allocation is used, H'= H's is the number of modulation symbolsin a BL/CE subframe s of the S

subframes alocated to a UL-SCH transport block, s= 0, 1, 2, ..., S-1[3]. The output bit sequence from the channel
interleaver is derived as follows:
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(1) Assign Cy,, = NEIE™ to be the number of columns of the matrix. The columns of the matrix are numbered O,
1,2,...,Chx —1fromleft toright. NG5+ is determined according to subclause 5.2.2.6, or by higher layer
parameter symPUSCH-UpPts for PUSCH transmission in UpPTS.

(2) The number of rows of the matrix is Ry, = (Hom - Q- Ny )/ Cryx @nd we define Ry, = Ry /(Q - Ny ).
The rows of the rectangular matrix are numbered O, 1, 2,..., R, —1 from top to bottom.

(3) If rank information is transmitted in this subframe/slot/subslot, the vector sequence q(F;' ,qu' ,q?' ,...,qg', Lis
=0 ' "= QR -

written onto the columns depending on PUSCH duration and DMRS pattern for PUSCH with subslot duration
and by sets of (Qm . N,_) rows starting from the last row and moving upwards according to the following pseudo-
code.

Seti,jtoO.
Setrto R, —1
whilei < Qf
if the PUSCH is Partial PUSCH Mode 1
Cy = Column Set(j +2)
else
Cr = ColumnSet(j)
end if

RI
erCmUX+cR| T

i=i+1
if the duration of the PUSCH is subframe

r = Riu—1-[i/4]
j=(j+3)mod4
elseif the duration of the PUSCH is slot, or if the PUSCH is Partial PUSCH Mode 1, 2 or 3
r =R ~1-[i/2]
j=(j+1)mod2
elseif the duration of the PUSCH is subslot
r=R,—1-i
end if
end while
Where ColumnSet is given
- inTable5.2.2.8-1A if the PUSCH is scheduled by DCI format OA/OB/4A/4B and
- indexed left toright from O to 1 if the PUSCH is Partial PUSCH Mode 1, 2, or 3;

- indexed left to right from O to 3 otherwise;
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- otherwise,
- inTable5.2.2.8-1 indexed left to right from 0 to 3 for PUSCH with subframe duration,
- inTable5.2.2.8-1 indexed left to right from O to 1 for PUSCH with slot duration,

- as{1} if DMRS pattern field of corresponding uplink DCI formatsis'00" for subslot#0, '10' for
subslot#1, '01' for subslot#2, '10' for subslot#4, ‘00" for subslot#5 in case Nggs isequal to 0, or ‘01" for
subgot#5, and as {0} otherwise, for PUSCH with subslot duration.

(3a) If CQI/PMI information istransmitted in this subframe with Partial PUSCH mode 1, the vector sequence
Gys Gy O, ISWritten onto the (Riux XCrux ) Matrix by setsof (Q.,- N, ) rows from the column with
—v — cQl

XLC 2] to the column with Xc » and rows 0 to (Qm -N_ —1) and skipping the matrix entries that are already
occupied:
Yo Y Y, L Yo
Xcm Xcmxﬂ Xc,m +2 L XZCWX—l
M M M O M

The pseudocode is as follows:
Seti,ktoO.

whilek < Qg .

if y. isnot assigned to RI symbolsin step (3) and imodC,,,, | C,,,./2 ]|

¥ =4
k=k+1
end if
i =i+l
end while

(3b) If AUL-UCI istransmitted in this subframe, the vector sequence quL‘UC' ,quL‘UC' qg,UL‘UC' | iswritten onto
- - —~AUL-UCI -

the (Rpy X Crx ) matrix by setsof (Qy,-N|) rows from the column with y, tothe columnwith y_  and

ZCwn-2

rows0to (Q,-N, —1):

[<
o
[<
[
<
N

|_
AN

= Crux

2Co Ye )+l Xcm+2 chwx—l

mu;

M M M O M

The pseudocode is as follows:;
Seti, kto 0.

whilek < QruLua

if imodC_, >1and imodC,,, <C_, —2

mux —
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Zi :gkAUL—UCI
k=k+1
end if
i=i+l
end while

(4) Write the input vector sequence, fork=0, 1,..., H’—1, into the (R XCx ) Matrix by setsof (Q,,-N,)
rows starting with the vector Y in column 0 and rows 0 to (Q,- N, —1) and skipping the matrix entries that are

aready occupied:
Yo Y Y, o Yo
RAN RACHNNT] Yo +2 o Yoc,
X(R;mx—l)xcrmx Z(R;nux ~D)xCpux +1 X(Rﬁux—l)xcnux"'z o X(Rﬁuxxcn‘ux—l)

The pseudocode is as follows:
Seti,ktoO.
whilek <H’,

if Y. is not assigned to Rl symbols, or CQI/PMI symbolsin step (3a), or AUL-UCI symbolsin step (3b)

Yi=9,
k=k+1
end if
i=i+1
end while

(5) If HARQ-ACK information is transmitted in this subframe/slot/subslot, the vector sequence

q (’;CK ,q fCK . SCK v ] S,CK , iswritten onto the columns depending on PUSCH duration and DMRS pattern
- - —Qack -

for PUSCH with subslot duration, and by sets of (Qm : NL) rows starting from the last row and moving upwards

according to the following pseudo-code. Note that this operation overwrites some of the channel interleaver
entries obtained in step (4).

Seti,jto0.

Setrto R, —1-Q if No2"=1and R’ —Q > Q) for PUSCH with subslot duration, Q7 —1 if

Nowa " =1and R’ —Qf, < Q) for PUSCH with subsiot duration, and R, —1 otherwise

whilei < Quck

Cack = ColumnSet(j)

ercmuercACK —i
i=i+l

if the duration of the PUSCH is subframe
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r=R—1-]i/4]

j=(j+3)mod4

elseif the duration of the PUSCH is slot
=R ~1-[i/2]

j=(j+1)mod2

elseif the duration of the PUSCH issubsiot, R’ —Q, > Qq, ad N2 =1

r= I:{nux_l_i _Q;?I

elseif the duration of the PUSCH issubsiot, R’ —Q, < Qi ad N2 =1

T=0Quk—1-1

elseif the duration of the PUSCH is subslot and NZYS°H =2 or NSO =3

symb
r=R,—1-i
end if
end while
Where ColumnSet is given
- inTable5.2.2.8-2 indexed left to right from O to 3 for PUSCH with subframe duration,
- inTable5.2.2.8-2 indexed l€eft to right from 0 to 1 for PUSCH with slot duration,

- as{1} if DMRS pattern field of corresponding uplink DCI formatsis'01' for subslot#0, '11' for subslot#1,
'10" for subslot#3, or '11' for subslot#4, and as {0} otherwise, for PUSCH with subslot duration.

(6) The output of the block interleaver is the bit sequence read out column by column from the (R, XC )

matrix. The bits after channel interleaving are denoted by hy, by ,h,,....h, . o 1, where NL s the number
of layersthe corresponding UL-SCH transport block is mapped onto.

Table 5.2.2.8-1: Column set for Insertion of rank information for PUSCH not scheduled using DCI
Format OA, 4A, OB and 4B

CP configuration Column Set
Normal {1, 4,7, 10}
Extended {0, 3,5, 8}

Table 5.2.2.8-1A: Column set for Insertion of rank information for PUSCH scheduled using DCI

Format OA, 4A, OB and 4B

PUSCH Starting

CP Configuration = Column Set
Position
At symbol 0, or at
symbol 7 {1,4,7,10}
Normal Within symbol 0, or
at symbol 1, or (0,3 6,9

within symbol 7, or
at symbol 8
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Table 5.2.2.8-2: Column set for Insertion of HARQ-ACK information

CP configuration Column Set
Normal {2,3,8, 9}
Extended {1,2,6,7}

The same channel interleaver procedures for Rl are applied for CRI, using CRI instead of RI in the equations.

5.2.3 Uplink control information on PUCCH

Data arrives to the coding unit in the form of indicators for measurement indication, scheduling request and HARQ
acknowledgement.

Three forms of channel coding are used as shown in Figure 5.2.3-1,

- onefor HARQ-ACK and for combination of HARQ-ACK and periodic CSI transmitted on PUCCH format 3,
including the cases with scheduling request,

- another for the channel quality information CQI/PMI transmitted on PUCCH format 2,
- and another for combination of CQI/PMI and HARQ-ACK transmitted on PUCCH format 2/2a/2b.

A fourth form of channel coding is used as shown in Figure 5.2.3-2, for HARQ-ACK and for combination of HARQ-
ACK and periodic CSl transmitted on PUCCH format 4 or PUCCH format 5 including the cases with scheduling
request, or for periodic CSI transmitted on PUCCH format 4 or PUCCH format 5 including the cases with scheduling
request.

Ay, 3y, Ap g l

Channel coding

by, by, by l

Figure 5.2.3-1: Processing for UCI

ao,al,...,a/_\& l

CRC attachment

Co:CyseC g v

Channel coding

00.40,..d9, |

Rate matching

€€ € l

Figure 5.2.3-2: Processing for UCI
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5.23.1 Channel coding for UCI HARQ-ACK on PUCCH

The HARQ-ACK hits are received from higher layers for each subframe of each cell. Each positive acknowledgement
(ACK) isencoded as abinary '1' and each negative acknowledgement (NACK) is encoded as abinary '0'. For UES
configured with no more than five DL cells, or for UEs configured by higher layers with codebooksi zeDeter mination-
r13 = cc, and for the case where PUCCH format 3, PUCCH format 4 or PUCCH format 5 [2] is configured by higher
layers and is used for transmission of the HARQ-ACK feedback information, the HARQ-ACK feedback consists of the
concatenation of HARQ-ACK hits for each of the serving cells. For UEs configured by higher layers with
codebooksizeDetermination-r13 = dai, the HARQ-ACK feedback consists of the HARQ-ACK bits for the serving cells
depending on the Downlink Assignment Index (DAI) asin Table 5.3.3.1.2-2 and as defined in [3]. For cells configured
with transmission modes 1, 2, 5, 6 or 7 [3], i.e., single codeword transmission modes, 1 bit of HARQ-ACK information,
a, , isused for that cell. For cells configured with other transmission modes, 2 bits of HARQ-ACK information are

used for those cells, i.e., a,,a,,; with a, corresponding to HARQ-ACK bit for codeword O and a,; corresponding to
that for codeword 1.

Define O*“ asthe number of HARQ-ACK feedback bitsand N FYSOH foma 3 g the number of HARQ-ACK

feedback bits including the possible concurrent transmission of scheduling request and/or periodic CSI when PUCCH
format 3 is used for transmission of HARQ-ACK feedback (subclause 10.1 in [3]), and NEFWCeHoma4 g the number of

AIN
HARQ-ACK feedback bits including the possible concurrent transmission of scheduling request and/or periodic CSI
when PUCCH format 4 is used for transmission of HARQ-ACK feedback (subclause 10.1in[3]), and N {iccHiomas gg

AIN
the number of HARQ-ACK feedback bits including the possible concurrent transmission of scheduling request and/or
periodic CSI when PUCCH format 5 is used for transmission of HARQ-ACK feedback (subclause 10.1 in [3]).

For UEs configured by higher layers with codebooksizeDeter mination-r13 = dai, the bit sequence

0,0, ..., G(ffg'é _, isdetermined according to the Downlink Assignment Index (DAI) asin Table 5.3.3.1.2-2 and
as defined in [3]. Otherwise, the bit sequence Gy, 5,"°" ..., 0 % _, is determined as below.

For FDD when the UE is not configured with EN-DC and higher layer parameter subframeAssignment-r15, the
ACK ~ ACK

sequence of bits GOACK ,61 yeeey Ogack g isthe result of the concatenation of HARQ-ACK bits for different cells
according to the following pseudo-code:

Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell

Setj = 0— HARQ-ACK bit index

Set N2 to the number of cells configured by higher layers for the UE

DL

whilec < Ngjs

if transmission mode configured in cell ce {1,2,5,6,7} -- 1 bit HARQ-ACK feedback for this cell

6/ = HARQ-ACK bit of this cell

j=j+1
ese

if the UE is configured with spatial bundling on PUCCH by higher layers and if the UE is configured with
PUCCH format 4 or PUCCH format 5 or if HARQ-ACK isto be transmitted on subslot SPUCCH as
described in subclause 5.2.3.1A

~ACK
O:

= binary AND operation of the HARQ-ACK bits corresponding to the first and second codewords of

this cell
j=j+1

else
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HARQ-ACK bit corresponding to the first codeword of this cell

HARQ-ACK hit corresponding to the second codeword of this cell

i=j+1
end if
end if
c=c+1
end while

For the aggregation of more than one DL cell including a primary cell using FDD and at |east one secondary cell using

TDD when the UE is not configured with EN-DC and higher layer parameter subframeAssignment-r15, the sequence of

bits O, 6, ,...,Géﬁﬁ _, istheresuilt of the concatenation of HARQ-ACK bits for different cells. Define N s as

the number of cells configured by higher layers for the UE and BcD " asthe number of subframes for which the UE

needs to feed back HARQ-ACK bitsin UL subframe n for the c-th serving cell. For a cell using TDD, the subframes are
determined by the DL-reference UL/DL configuration if the UE is configured with higher layer parameter eimta-

HARQ-ReferenceConfig, and determined by the UL/DL configuration otherwise. For acell using TDD, BCD L=1if

subframe n-4 in the cell, or subframe n-3 in the cell if higher layer parameter shortProcessingTime is configured for the
cell, isaDL subframe or a special subframe with special subframe configurations 1/2/3/4/6/7/8/9/10 and normal
downlink CP or a specia subframe with specia subframe configurations 1/2/3/5/6/7 and extended downlink CP, and

BS" =0 otherwise. For acell using FDD, B =1.

~ ACK ~ ACK

The sequence of bits GOACK ,O] ..., 05ac, isperformed according to the following pseudo-code:

Set ¢ = 0 —cell index: lower indices correspond to lower RRC indices of corresponding cell
Setj = 0-HARQ-ACK bit index

DL

whilec < Ngjs

DL _
it B =1
if transmission mode configured in cell ce {1,2,5,6,7} -- 1 bit HARQ-ACK feedback for this cell

6/ = HARQ-ACK bit of this cell

j=j+1
else

if the UE is configured with spatial bundling on PUCCH by higher layers and if the UE is configured with
PUCCH format 4 or PUCCH format 5 or if HARQ-ACK isto be transmitted on subslot SPUCCH as
described in subclause 5.2.3.1A

ACK _

0 J binary AND operation of the HARQ-ACK bits corresponding to the first and second codewords

of thiscell
j=j+1
else

~ ACK
0. =

] HARQ-ACK hit corresponding to the first codeword of this cell
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j=j+1

6/ = HARQ-ACK bit corresponding to the second codeword of this cell
j=i+1
end if
end if
c=c+1
end while

For the cases with TDD primary cell or EN-DC with FDD primary cell and higher layer parameter
subframeAssignment-r 15 configured, the sequence of bits 05", 6," ,..., 6(932 _, isobtained from the HARQ-ACK
bits for different cells and different subframes.

Define chhs as the number of cells configured by higher layers for the UE and BcDL as the number of subframes for

which the UE needs to feed back HARQ-ACK bitsin cell ¢ as defined in Subclause 7.3 of [3].

The number of HARQ-ACK bits k and the number of HARQ-ACK bits after spatial bundling k, are computed as
follows:

Set k = 0 — counter of HARQ-ACK bits
Set k, = 0 — counter of HARQ-ACK bits after spatial bundling

Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell

DL

whilec < Ngjs

setl =0;
whilel < B2*

if transmission mode configuredin cell ce {1,2,5,6,7} -- 1 bit HARQ-ACK feedback for this cell
k=k+1
ko =kp+ 1
else
k=k+2
ko=ko+ 1
end if
[=1+1
end while
c=c+1

end while

In case the transmission of HARQ-ACK feedback using PUCCH format 3, PUCCH format 4 or PUCCH format 5
coincides with a sub-frame configured to the UE by higher layers for transmission of scheduling request, the number of
scheduling request bit O is 1; otherwise OR=0.
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In case the transmission of HARQ-ACK feedback using PUCCH format 3, PUCCH format 4 or PUCCH format 5
coincides with a sub-frame configured to the UE by higher layers for transmission of periodic CSI, O isthe number
of periodic CSl bit(s) for the CSI report as defined in subclause 7.2.2 [3]; otherwise OS'=0.

For PUCCH format 3, the number of HARQ-ACK feedback bits O*“¥ is computed as follows:
Set K, =20 when TDD isused in all the configured serving cell(s) of the UE and K, =21 when FDD isused in at

least one of the configured serving cells with TDD primary cell and k., =21 when the UE is configured with EN-DC
with FDD primary cell and higher layer parameter subframeAssignment-r15.

If k<K and O =0, orif k+0% +OR <22 and 0°9>0, orif k, + O +OR > 22 and k <k, , then

OACK =k

else,

OACK — kb

For PUCCH format 4 or PUCCH format 5, O”“K =k if the UE is not configured with spatial bundling on PUCCH by
higher layers; otherwise O* =k, .

If O =k and the HARQ-ACK isto be transmitted on slot SPUCCH or PUCCH, the multiplexing of HARQ-ACK
bitsis performed according to the following pseudo-code:

Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell
Setj = 0-HARQ-ACK bit index

DL

whilec < Ngjs

setl=0;
whilel < B>

if transmission mode configured in cell ce {1,2,5,6,7} -- 1 bit HARQ-ACK feedback for this cell

~ ACK ACK

0; " =0;;" HARQ-ACK bit of this cell as defined in Subclause 7.3 of [3]
j=j+1
else
[6,°°,0/¢" 1 =[025",0.5] HARQ-ACK bit of this cell as defined in Subclause 7.3 of [3]
j=j+2
end if
[=1+1
end while
c=c+1

end while

If O =k, orif HARQ-ACK isto be transmitted on subslot SPUCCH as described in subclause 5.2.3.1A, spatial

bundling is applied to al subframesin all cells and the multiplexing of HARQ-ACK bitsis performed according to the
following pseudo-code

Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell
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Setj =0-HARQ-ACK bit index

DL

whilec < Ngjs

setl=0;
whilel < B>

if transmission mode configuredin cell ce {1,2,5,6,7} —1 bit HARQ-ACK feedback for this cell

0, = 0ofI™ HARQ-ACK bit of this cell as defined in Subclause 7.3 of [3]
j=j+1
else
5J-ACK = OS,CK binary AND operation of the HARQ-ACK hits corresponding to the first and second

codewords of this cell as defined in Subclause 7.3 of [3]
j=j+1
end if
[ =1+1
end while
c=c+1
end while

In case the transmission of HARQ-ACK feedback using PUCCH format 3, PUCCH format 4 or PUCCH format 5 [2]
coincides with a sub-frame configured to the UE by higher layers for transmission of scheduling request, the scheduling
request bit (1 = positive SR; 0 = negative SR) is appended at the end of the sequence of concatenated HARQ-ACK hits.

In case the transmission of HARQ-ACK feedback using PUCCH format 3, PUCCH format 4 or PUCCH format 5[2]
coincides with a sub-frame configured to the UE by higher layers for transmission of periodic CSl, and periodic CSl is
not dropped as defined in subclause 7.3.2 and subclause 10.1.1 of [3], the periodic CSl bits for the CSI report as defined
in subclause 7.2.2 [3] are appended at the end of the sequence of concatenated HARQ-ACK bits and scheduling request
bit (if any), where in case of CSI report for more than one DL cell, the CSI report for each DL cell isappended in
increasing order of cell index. As with the transmission of the scheduling request, the procedure above is used with

N RYCCH format 3 -\ RUCCH format 4 g PUCCH format S el uding the number of periodic CSI bits and scheduling request bit
(if any).

For NRVSCHfoma 3 < 11 | the bit sequence a,, &y, ..., , 8o foma s 4 is obtained by setting a; =0, " .
For 11< NRYSCeH format 3 < 55 the bit sequence ay, &y, ..., , 8 o fama s 1S Obtained by setting &, = 0, ifiis
even and a(NEIZJ’\(I:CHformtS/ZL(i_l)/Z =0 ACKif i is odd.
For NERVSCHformat3 < 11 | the sequence of bits ay, &, ay...., , 8 puccH fomats_y is encoded as follows
NKL/JﬁCH format371

E)‘i = Z:(an'Mi,n)mOd2
n=0

wherei =0, 1, 2, ..., 31 and the basis sequences M; , are defined in Table 5.2.2.6.4-1.
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The output bit sequence by, b, b, ....,,bg_; isobtained by circular repetition of the sequence 50,51, 52 ,631

b :b(i mod32)
wherei=0,1,2,...,B-1and where B=4-N2? .

For 11 < NRYCeH fomat 3 < 55 | the sequences of bits ao,al,az,...,,a{NF.UCCHfom.tg/211 and

a’—N RUCCH format 3, 2-‘, a’—N PUCCH format 3 2-|+1 ’— NPUCCH format 3 21+2 9 aN PUCCH format 3_y are encoded as follows

PUCCH format 3
NS 2}

b = Z(an-Mi’n)modZ
n=0

and

PUCCH format 3 PUCCH format 3
Na/N {NA/N ’21’1

Z (a{NKl/JﬁCHformaaslan ‘ Mi,n)mOdZ

n=0

on

wherei =0, 1, 2, ..., 23 and the basis sequences M; , are defined in Table 5.2.2.6.4-1.

The output bit sequence by, b;,b,,...,,bg_; where B = 4. N8 isobtained by the alternate concatenation of the bit
sequences by,b;,b,....,, b, and 50,51,52,...,,523 as follows

Seti,j=0

while i < 4-N2B

b zij Q+1:bj 1
b =bj, h+3=bj+1
i=i+4
j=j+2

end while

For N cerfomas 5 22 the bit sequence a,,a,,a,,-..,, 8 meoniaras_, 1S ODtaiNEd by setting g = =6, and the output bit

sequence after the rate matching is denoted by &,,€,€,,...,,6 ,, Where E=Q, - Mg “"*-NJ 7™ -NZF, Q_ isthe
modulation order of the PUCCH format 4, NJ°°" is determined according to subclause 5.2.4.1, and M g5 """

represents the bandwidth of the PUCCH format 4 in terms of resource blocks [2]. The CRC attachment, channel coding
and rate matching are performed according to subclauses 5.1.1 by setting L to 8 bits, 5.1.3.1 and 5.1.4.2, respectively.
The input bit sequence to the CRC attachment operation is a,,a,,a,,...,, 8 coiomas_y - . 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.

For NceHmas 5 22 | the bit sequence a,,a,,a,,...,, @ mconiams_, 1S ODtaINed by setting a; = =5, and the output bit

sequence after the rate matching is denoted by ,,€,,6,,...,,6.,, where E=Q, - NS> - NP /2, Q, isthe

modulation order of the PUCCH format 5 and NZ->*" is determined according to subclause 5.2.4.1. The CRC

attachment, channel coding and rate matching are performed according to subclauses 5.1.1 by setting L to 8 bits, 5.1.3.1
and 5.1.4.2, respectively. The input bit sequence to the CRC attachment operationis a,,a,,a,,...,, 8 ucosamas_ - . The
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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.

When PUCCH format 3, PUCCH format 4 or PUCCH format 5 is not used for transmission of HARQ-ACK feedback,
the HARQ-ACK bits are processed for transmission according to subclause 10.1 in [3].

5.2.3.1A Channel coding for UCI HARQ-ACK on SPUCCH

The HARQ-ACK hbits are received from higher layers for each subframe of each cell and for each dot or subslot of each
cell if higher layer parameter dI-TTI-Length is configured for the cell. Each positive acknowledgement (ACK) is
encoded as abinary '1' and each negative acknowledgement (NACK) is encoded as a binary ‘0. For UES configured
with more than one DL cell and no more than five DL cells, or for UEs configured by higher layers with
codebooksizeDeterminationSTTI-rel15 = cc, the HARQ-ACK feedback consists of the concatenation of HARQ-ACK
bits for each of the serving cells. For UEs configured by higher layers with codebooksizeDeterminationSTTI-rel 15 =
dai, the HARQ-ACK feedback consists of the HARQ-ACK bits for the serving cells depending on the Downlink
Assignment Index (DAI) asin Table 5.3.3.1.2-2 and as defined in [3]. For acell configured with higher layer parameter
di-TTl-Length, 1 bit of HARQ-ACK information, a,, isused for that cell.

Define O”“* as the number of HARQ-ACK feedback bits and N,?',Dt,f,CCHformat3 as the number of HARQ-ACK

feedback bits including the possible concurrent transmission of scheduling request when SPUCCH format 3 is used for
transmission of HARQ-ACK feedback (subclause 10.1in[3]), and N3 ™4 as the number of HARQ-ACK
feedback bits including the possible concurrent transmission of scheduling request when SPUCCH format 4 is used for
transmission of HARQ-ACK feedback (subclause 10.1in [3]).

For UEs configured by higher layers with codebooksizeDeter minationSTTI-rel 15 = dai, the bit sequence
~ SACK =~ sACK ~ SACK

0, 'O reon OJadk is determined according to the Downlink Assignment Index (DAI) asin Table 5.3.3.1.2-2 and
as defined in [3]. Otherwise, the bit sequence ;"0 ,...,05uec _, is determined as below.

For FDD with at least one cell configured with higher layer parameter dI-TTI-Length or for the aggregation of more

than one DL cell including a primary cell using FDD and at least one secondary cell using TDD and at least one DL cell
~ SACK =~ sACK ~SACK

configured with higher layer parameter dI-TTI-Length, define the bit sequence O, "0 ..., Ok 4 corresponding
to PDSCH with slot/subslot duration as the result of the concatenation of HARQ-ACK bits for one or multiple DL cells
configured with higher layer parameter dI-TTI-Length, N L asthe number of cells configured with dI-TTI-Length for

cells

the UE and BCSD - asthe number of dot(s) or subdot(s) for which the UE needs to feed back HARQ-ACK bitsin UL
slot or subglot n for the c-th serving cell. For acell using FDD and configured with dI-TTI-Length=subslot and ul-TTI-
Length=subslot, or for acell using FDD and configured with dl-TTI-Length=slot and ul-TTI-Length=slot, BCSD L=1.

For acell using FDD and configured with dI-TTI-Length=subslot and ul-TTI-Length=slot, BCSD " =3.Foracdl us ng

TDD, BCSDL =1if dot n-4inthecell isin aDL subframe, or ot n-4 is the first slot in a special subframe with special
subframe configurations 1/2/3/4/6/7/8/9/10 and normal downlink CP, or dot n-4 isthe second dot in a specia subframe
with special subframe configurations 3/4/8 and normal downlink CP, and BCSD " =0 otherwise.

The bit sequence 050 ,..., 0552 _, is performed according to the following pseudo-code:

Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell configured with dI-TTI-
Length

Setj = 0—HARQ-ACK bit index
whilec< N-
setl =0;

. DL
whilel < B;
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SACI

0™ = HARQ-ACK bit of this cell

j=j+1

=1+1
end while
c=c+1

end while

For FDD with at least one cell configured with higher layer parameter dI-TTI-Length or for the aggregation of more

than one DL cell including a primary cell using FDD and at least one secondary cell using TDD and at least one DL cell

configured with higher layer parameter dI-TTI-Length, define the bit sequence 0“0, ..., G 0 | asthe result of

the concatenation of HARQ-ACK bits corresponding to PDSCH with subframe duration for one or multiple DL cells.

The bit sequence 0,"““0,"" ..., 6(;3%5_1 is determined as for bit sequence 6% 6, ..., C)gfc’f( _, insubclause

5.2.3.1 and spatia bundling is performed if the HARQ-ACK isto be transmitted on subslot SPUCCH or if the HARQ-
ACK isto betransmitted on slot SPUCCH and spatial bundling is configured. For FDD with at least one cell configured
with higher layer parameter dI-TTI-Length or for the aggregation of more than one DL cell including a primary cell
using FDD and at least one secondary cell using TDD and at least one DL cell configured with higher layer parameter

dI-TTI-Length, the sequence of bits Gy, 0,"°“ ,..., 0\ _, isthe resuilt of the concatenation of HARQ-ACK bits for
different cells and is obtained by concatenation of the bit sequence 059%™ ..., 055 | and

0o ., 65525_1 in the cases defined in subclause 7.3 of [3]. In all other cases, the sequence of bits

~ACK ~ACK  ~ACK . _ . ~sACK & ~

Oy 40 ys00ux, isgivenby 070%™ ..., 055 .

In case the transmission of HARQ-ACK feedback using SPUCCH format 3 or SPUCCH format 4 coincides with a
dlot/subslot configured to the UE by higher layers for transmission of scheduling request, the number of scheduling
request bits OR is 1; otherwise OSR=0, and the scheduling request bit (1 = positive SR; 0 = negative SR) is appended at
the end of the sequence of concatenated HARQ-ACK bits.

SPUCCH format 3
For Ny §

<11, the bit sequence ao,al,az,...,,aNSPUCCH,O,milis obtained by setting g = SiACK and is encoded
asfollows

SPUCCH format3
NN -1

b = Z(an‘Mi,n)mOdz

n=0

wherei=0,1,2,...,B-1and B=2- N2, the basis sequences M, ,, are defined in Table5.2.2.6.4-1.

For SPUCCH format 4, the output sequence is of length E, where E=Q,_ - M g‘B’UCCHfOFmaM N ;l]JbCCHformaM ‘NP®, Q, isthe

SPUCCH format 4 -

modulation order of the SPUCCH format 4, Ng is equal to Ng " —1 for slot SPUCCH format 4 and
equal to N " for subslot SPUCCH format 4, N3 2> is determined according to subclause 5.2.4.1, and

M SUcceHformad represents the bandwidth of the SPUCCH format 4 in terms of resource blocks [2].

For N °cm ¢ <11, the bit sequence 84,8y, ..., & succromas_, 1S Obtained by setting & =5,"““ and is encoded
AN 7
asfollows

SPUCCH format4
NA/N -1

5= Y (oM, Jmod2

wherei =0, 1, 2, ..., 31 and the basis sequences M, , are defined in Table 5.2.2.6.4-1.

The output bit sequence by,,0;,b,,...,,0c ; isobtained by circular repetition of the sequence By, by, 05 ,..., , by
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b = b(i mod32)

wherei =0, 1, 2, ..., E-1.

For 11 < NSPuecHfomd 4 < 55 the bit sequence Ay, 845 85.n0y, A succHtomas is obtained by setting a;,, = E')iACK
A/N -

iy ifiis

~ACK . ... .
even and a(Nf,",jCCHf‘“'m“/zL(i—l)/z =0 if i isodd. The sequences of bits 5 3 a,,..., L N———"
a{NiF;l'JVCCH formaA/Z—‘l quCCH formaA/Z—l_*_ll quCCHformaM/z-l*_z 1ty aNEUNCCH formaAil are enCOded as fOI I ows
~ [ chcH format4 2},1
G- Y(a-M,)mod2

n=0
and

SPUCCH format4 SPUCCH format4
NS {NA, /2}1

bl = Z:‘) qN%CCHfmmaA/ZLH : Mi'n)mOdZ
wherei =0, 1, 2, ..., 31 and the basis sequences M; , are defined in Table 5.2.2.6.4-1.

The output bit sequence by, B,,b,,..., b _; is obtained by the concatenation and circular repetition of the bit sequences

60,61,52,...,,b31and 50,61,62,...,,b31 as follows

£

i=0
while i <[E/2]

bl = Mimods2
i=i+1
end while

while i <E-[E/2]

l%z/z])ri =

i=i+1

o

mod 32

end while

For NZPceHoma4 > 22, the output bit sequence after the rate matching is denoted by €,,€,€,,...,,€-_, . The CRC
attachment, channel coding and rate matching are performed according to subclauses 5.1.1 by setting L to 8 bits, 5.1.3.1
and 5.1.4.2, respectively. The input bit sequence to the CRC attachment operationis g ,a,,a,,.. . The

R R aNSF‘UCCH format 4 -1
AIN

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.

When SPUCCH format 3 or SPUCCH format 4 is not used for transmission of HARQ-ACK feedback, the HARQ-ACK
bits are processed for transmission according to subclause 10.1in [3].

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].
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5.2.3.3 Channel coding for UCI channel quality information

The channel quality and possible concurrent scheduling request bits input to the channel coding block are denoted by
ag,8y,8y,483,...,a5; Where Aisthe number of bits, and where the scheduling request bit (if present) is prepended to

the sequence of channel quality bits. The number of channel quality bits depends on the transmission format as
indicated in subclause 5.2.3.3.1 for wideband reports and in subclause 5.2.3.3.2 for UE-sel ected subbands reports.

For PUCCH format 2, the channel quality information is coded using a (20, A) code. The code words of the (20, A) code
are alinear combination of the 13 basis sequences denoted M; , and defined in Table 5.2.3.3- 1.

Table 5.2.3.3-1: Basis sequences for (20, A) code

i | Mio | Mia | Mi2 | Miz | Mia | Mis | Mis | Mi7z | Mig | Mig | Mitwo | Min | Mia2
0 1 1 0 0 0 0 0 0 0 0 1 1 0
1 1 1 1 0 0 0 0 0 0 1 1 1 0
2 1 0 0 1 0 0 1 0 1 1 1 1 1
3 1 0 1 1 0 0 0 0 1 0 1 1 1
4 1 1 1 1 0 0 0 1 0 0 1 1 1
5 1 1 0 0 1 0 1 1 1 0 1 1 1
6 1 0 1 0 1 0 1 0 1 1 1 1 1
7 1 0 0 1 1 0 0 1 1 0 1 1 1
8 1 1 0 1 1 0 0 1 0 1 1 1 1
9 1 0 1 1 1 0 1 0 0 1 1 1 1
10 1 0 1 0 0 1 1 1 0 1 1 1 1
11 1 1 1 0 0 1 1 0 1 0 1 1 1
12 1 0 0 1 0 1 0 1 1 1 1 1 1
13 1 1 0 1 0 1 0 1 0 1 1 1 1
14 1 0 0 0 1 1 0 1 0 0 1 0 1
15 1 1 0 0 1 1 1 1 0 1 1 0 1
16 1 1 1 0 1 1 1 0 0 1 0 1 1
17 1 0 0 1 1 1 0 0 1 0 0 1 1
18 1 1 0 1 1 1 1 1 0 0 0 0 0
19| 1 0 0 0 0 1 1 0 0 0 0 0 0

After encoding the bits are denoted by by, b;,b,,bs,...,bg_; where B =20 and with

A
b =Y (a,-M;,)mod2 wherei=0,1,2, ..., B-1
n=0

=

For PUCCH format 4, the output bit sequence after the rate matching is denoted by €,,€,e,,...,,6._, , where
E=Q, -M&“" NJE N, Q, isthe modulation order of the PUCCH format 4, NS> is determined according

symb
to subclause 5.2.4.1, and M ;" represents the bandwidth of the PUCCH format 4 in terms of resource blocks [2].
The CRC attachment, channel coding and rate matching are performed according to subclauses 5.1.1 by setting L to 8
bits, 5.1.3.1 and 5.1.4.2, respectively. The input bit sequence to the CRC attachment operationis a,,a,,a,,...,,a, , . 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.

For PUCCH format 5, the output bit sequence after the rate matching isdenoted by e,,¢,e,,...,,€., , where

E=Q,-Noms " -N&¥ /2, Q, isthe modulation order of the PUCCH format 5 and NZU" is determined

according to subclause 5.2.4.1. The CRC attachment, channel coding and rate matching are performed according to
subclauses 5.1.1 by setting L to 8 bits, 5.1.3.1 and 5.1.4.2, respectively. The input bit sequence to the CRC attachment
operationis a,,a,,a,,...,,a, , - Theoutput bit sequence of the CRC attachment operation is the input bit sequence to the
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channel coding operation. The output bit sequence of the channel coding operation is the input bit sequence to the rate
matching operation.

5.2.3.3.1 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 PDSCH transmissions associated with a transmission mode 1, transmission mode 2, transmission
mode 3, transmission mode 7, transmission mode 8 configured without PMI/RI reporting, transmission mode 9
configured without PMI/RI reporting or configured with 1 antenna port, transmission mode 10 configured without
PMI/RI reporting or configured with 1 antenna port, transmission mode 9/10 configured without PMI with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured without PMI.

Table 5.2.3.3.1-1A shows the fields and the corresponding bit widths for the channel quality information feedback for
wideband reports for PDSCH transmissions associated with transmission mode 9/10 configured without PMI reporting
and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with 2/4/8 antenna ports, transmission
mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured
without PMI reporting with 2/4/8 antenna ports, and transmission mode 9/10 configured with PMI/RI reporting and
higher layer parameters semiOpenLoop and eMIMO-Type.

Table 5.2.3.3.1-1: UCI fields for channel quality information feedback for wideband CQI reports
(transmission mode 1, transmission mode 2, transmission mode 3, transmission mode 7,
transmission mode 8 configured without PMI/RI reporting, transmission mode 9 configured without
PMI/RI reporting or configured with 1 antenna port, transmission mode 10 configured without PMI/RI
reporting or configured with 1 antenna port, and transmission mode 9/10 configured without PMI with
higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B', and transmission mode
9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2
configured without PMI)

Field Bit width
Wide-band CQI 4

Table 5.2.3.3.1-1A: UCI fields for channel quality information feedback for wideband CQI reports
(transmission mode 9/10 configured without PMI reporting and higher layer parameter eMIMO-Type,
and eMIMO-Type is set to 'CLASS B’ with 2/4/8 antenna ports, transmission mode 9/10 configured
with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured without
PMI reporting with 2/4/8 antenna ports, and transmission mode 9/10 configured with PMI/RI reporting
and higher layer parameters semiOpenLoop and eMIMO-Type)

Field Bit width
Rank =1 | Rank >1
Wide-band CQI 4 4
Spatial differential CQI 0 3

Table 5.2.3.3.1-2 shows the fields and the corresponding bit widths for the channel quality and precoding matrix
information feedback for wideband reports for PDSCH transmissions associated with transmission mode 4,
transmission mode 5, transmission mode 6, and transmission mode 8 configured with PMI/RI reporting except with
alternativeCodeBookEnabledFor4TX-r12=TRUE.
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Table 5.2.3.3.1-2: UCI fields for channel quality information feedback for wideband CQI reports
(transmission mode 4, transmission mode 5, transmission mode 6, and transmission mode 8
configured with PMI/RI reporting except with alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank >1
Wide-band CQI 4 4 4 4
Spatial differential CQI 0 3 0 3
Precoding matrix indicator 2 1 4 4

Table 5.2.3.3.1-2A and Table 5.2.3.3.1-2B show the fields and the corresponding bit widths for the channel quality and
precoding matrix information feedback for wideband reports for PDSCH transmissions associated with transmission
mode 9 configured with PMI/RI reporting except with alter nativeCodeBookEnabledFor4TX-r12=TRUE or
advancedCodebookEnabled=TRUE, and transmission mode 10 configured with PMI/RI reporting except with
alternativeCodeBookEnabledFor4TX-r12=TRUE or advancedCodebookEnabled=TRUE, transmission mode 9/10
configured with PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type
isset to 'CLASS B' with K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, or
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with higher layer parameter
eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 2/4/8 antenna ports,
except with alternativeCodebookEnabledCLASSB_K1=TRUE. The number of configured CSI-RS resourcesin a CSl
process K is defined in [3] and alter nativeCodebookEnabledCLASSB_K1 is configured by higher layers [6].

Table 5.2.3.3.1-2A-1and Table 5.2.3.3.1-2A-2 show the fields and the corresponding bit widths for the channel quality
and precoding matrix information feedback for wideband reports for PDSCH transmissions associated with
transmission mode 9 /10 configured with PMI/RI reporting with higher layer parameter eMIMO-Type, and eMIMO-
Typeisset to 'CLASS A' except with advancedCodebookEnabled=TRUE.

Table5.2.3.3.1-2A-3 and Table 5.2.3.3.1-2A-4 show the fields and the corresponding bit widths for the channel quality
and precoding matrix information feedback for wideband reports for PDSCH transmissions associated with
transmission mode 9/10 configured with PMI/RI reporting with 4/8 antenna ports and higher layer parameter
advancedCodebookEnabled= TRUE.

Table 5.2.3.3.1-2A-5 and Table 5.2.3.3.1-2A-6 show the fields and the corresponding bit widths for the channel quality
and precoding matrix information feedback for wideband reports for PDSCH transmissions associated with
transmission mode 9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and higher layer
parameters advancedCodebookEnabled and eMIMO-Type, and eMIMO-Typeis set to 'CLASS A' and
advancedCodebookEnabled= TRUE.

Table 5.2.3.3.1-2B-1 shows the fields and the corresponding bit widths for the channel quality and precoding matrix
information feedback for wideband reports for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting with 4/8 antenna ports and higher layer parameters semi OpenLoop and eMIMO-Type,
and eMIMO-Typeis set to 'CLASS B' with K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE,
K>1, with alternativeCodeBookEnabledFor4TX-r12=TRUE.
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Table 5.2.3.3.1-2A: UCI fields for transmission of wideband CQI and precoding information (i2)
(transmission mode 9 configured with PMI/RI reporting except with
alternativeCodeBookEnabledFor4TX-r12=TRUE or advancedCodebookEnabled=TRUE, and
transmission mode 10 configured with PMI/RI reporting except with
alternativeCodeBookEnabledFor4TX-r12=TRUE or advancedCodebookEnabled=TRUE, transmission
mode 9/10 configured with PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K=1 and except with
alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 2/4/8 antenna ports, except with alternativeCodebookEnabledCLASSB_K1=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports 8 antenna ports
Rank = | Rank = | Rank = | Rank > | Rank = Rank = Rank = | Rank >

1 2 1 1 1 2,3 4 4

Wide-band CQI 4 4 4 4 4 4 4 4

Spatial differential CQI 0 3 0 3 0 3 3 3
Wide-band PMI (2 or 4

antenna ports) 2 1 4 4 4 4 3 0
or i2 (8 antenna ports)

Table 5.2.3.3.1-2A-1: UCl fields for transmission of wideband CQI and precoding information (i2)
(transmission mode 9/10 configured PMI/RI with higher layer parameter eMIMO-Type, and eMIMO-
Type is set to 'CLASS A’ and with codebook configuration (N,N,,Q,Q), and CodebookConfig=1,

except with advancedCodebookEnabled=TRUE)

Bit width
Field 8/12/16/20/24/28/32 antenna ports
Rank = Rank = Rank = Rank = Rank = Rank = Rank = Rank =
1 2 3 4 5 6 7 8
Wide-band CQI 4 4 4 4 4 4 4 4
Spatial differential

col 0 3 3 3 3 3 3 3
W'dei'zband 2 2 1 1 0 0 0 0

Table 5.2.3.3.1-2A-2: UCl fields for transmission of wideband CQI and precoding information (i2)
(transmission mode 9/10 configured PMI/RI with higher layer parameter eMIMO-Type, and eMIMO-
Type is set to 'CLASS A" and with codebook configuration (N,N,,Q,0), and CodebookConfig=2/3/4,

except with advancedCodebookEnabled=TRUE)

Bit width
Field 8/12/16/20/24/28/32 antenna ports
Rank = Rank = Rank = Rank = Rank = Rank = Rank = Rank =
1 2 3 4 5 6 7 8
Wide-band CQI 4 4 4 4 4 4 4 4
Spatial C(ngflerentlal 0 3 3 3 3 3 3 3
Wide-band i2 4 4 4 3 0 0 0 0

Table 5.2.3.3.1-2A-3: UCl fields for transmission of wideband CQIl and precoding information (i2)
(transmission mode 9/10 configured with PMI/RI reporting with 4 antenna ports and higher layer
parameter advancedCodebookEnabled=TRUE)

Field Bit width
Rank =1 Rank > 1
Wideband CQI 4 4
Spatial differential CQI 0 3
Wide-band i2 6 4
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Table 5.2.3.3.1-2A-4: UCl fields for transmission of wideband CQIl and precoding information (i2)
(transmission mode 9/10 configured with PMI/RI reporting with 8 antenna ports and higher layer
parameter advancedCodebookEnabled=TRUE)

Bit width
Field 8 antenna ports
Rank = Rank = Rank = Rank Rank = Rank = Rank = Rank =
1 2 3 =4 5 6 7 8
Wide-band CQI 4 4 4 4 4 4 4 4
Spatial differential

col 0 3 3 3 3 3 3 3
Wide-band i2 6 4 4 3 0 0 0 0

Table 5.2.3.3.1-2A-5: UCl fields for transmission of wideband CQIl and precoding information (i2)
(transmission mode 9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and
higher layer parameters advancedCodebookEnabled and eMIMO-Type, and
advancedCodebookEnabled=TRUE and eMIMO-Type is set to 'CLASS A’ with codebook configuration
(N,N,,Q,0) and CodebookConfig=1)

Bit width
Field 8/12/16/20/24/28/32 antenna ports
Rank = Rank = Rank = Rank = Rank = Rank = Rank = Rank =
1 2 3 4 5 6 7 8
Wide-band CQI 4 4 4 4 4 4 4 4
Spatial differential

col 0 3 3 3 3 3 3 3
W'dei'zband 6 4 1 1 0 0 0 0

Table 5.2.3.3.1-2A-6: UCI fields for transmission of wideband CQI and precoding information (i2)
(transmission mode 9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and
higher layer parameters advancedCodebookEnabled and eMIMO-Type, and
advancedCodebookEnabled=TRUE and eMIMO-Type is set to 'CLASS A’ with codebook configuration
(N,N,,Q,0) and CodebookConfig=2/3/4).

Bit width
Field 8/12/16/20/24/28/32 antenna ports
Rank = Rank = Rank = Rank = Rank = Rank = Rank = Rank =
1 2 3 4 5 6 7 8
Wide-band CQI 4 4 4 4 4 4 4 4
Spatial differential

col 0 3 3 3 3 3 3 3
W'dei'zba”d 6 4 4 3 0 0 0 0
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Table 5.2.3.3.1-2B: UCI fields for transmission of wideband CQI and precoding information (i1, i2) for
transmission mode 9 configured with PMI/RI reporting with 8 antenna ports except with
advancedCodebookEnabled=TRUE, transmission mode 10 configured with PMI/RI reporting with 8
antenna ports except with advancedCodebookEnabled=TRUE, transmission mode 9/10 configured
with PMI/RI reporting with 8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type
is set to 'CLASS B' with K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, K>1,
and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-TypeZ2,
and eMIMO-Type2 configured with PMI/RI reporting with 8 antenna ports, except with
alternativeCodebookEnabledCLASSB_K1=TRUE.

Bit width
Field 8 antenna ports
Rank = Rank = Rank = Rank Rank = Rank = Rank = Rank =
1 2 3 =4 5 6 7 8
Wide-band CQI 4 4 4 4 4 4 4 4
Spatial differential

col 0 3 3 3 3 3 3 3
i1 3 3 1 1 2 2 2 0
Wide-band i2 1 1 3 3 0 0 0 0

Table 5.2.3.3.1-2B-1: UCl fields for transmission of wideband CQI and precoding information (il1) for
transmission mode 9/10 configured with PMI/RI reporting with 4/8 antenna ports and higher layer
parameters semiOpenLoop and eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K=1 and
except with alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, with
alternativeCodeBookEnabledFor4TX-r12=TRUE.

Bit width
Field 4 antenna ports 8 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank =2
Wide-band CQI 4 4 4 4
Spatial differential CQI 0 3 0 3
i1 2 2 3 3

Table5.2.3.3.1-2C and Table 5.2.3.3.1-2D show the fields and the corresponding bit widths for the channel quality and
precoding matrix information feedback for wideband reports for PDSCH transmissions for 4 antenna ports associated
with transmission modes 8, 9 and 10 configured with PMI/RI reporting and alter nativeCodeBookEnabledFor4TX-
r12=TRUE except with advancedCodebookEnabled=TRUE, transmission mode 9/10 configured with PMI/RI reporting
and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with 4 antenna ports with K=1 and
except with alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, and alter nativeCodeBookEnabledFor4TX-
r12=TRUE, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and
eMIMO-Type2 configured with PMI/RI reporting with 4 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE, and alter nativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.1-2E shows the fields and the corresponding bit widths for the channel quality and precoding matrix
information feedback for wideband reports for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type
isset to 'CLASS B' with K=1 and alter nativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10
configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI
reporting with 2/4/8 antenna ports with alter nativeCodebookEnabledCLASSB_K1=TRUE.
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Table 5.2.3.3.1-2C: UCI fields for transmission of wideband CQI and precoding information (i2) with 4
antenna ports (transmission modes 8, 9 and 10 configured with PMI/RI reporting, 4 antenna ports and
alternativeCodeBookEnabledFord4TX-r12=TRUE except with advancedCodebookEnabled=TRUE, and
transmission mode 9/10 configured with 4 antenna ports and higher layer parameter eMIMO-Type,
and eMIMO-Type is set to 'CLASS B' with K=1 and except with
alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, and alternativeCodeBookEnabledFor4TX-
r12=TRUE, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 4 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE, and alternativeCodeBookEnabledFor4TX-

r12=TRUE)
Bit width
Field 4 antenna ports
Rank =1 Rank =2 Rank =3 Rank =4
Wide-band CQI 4 4 4 4
Spatial differential CQI 0 3 3 3
Wideband i2 4 4 4 4

Table 5.2.3.3.1-2D: UCI fields for transmission of wideband CQI and precoding information (i1, i2)
with 4 antenna ports (transmission modes 8, 9 and 10 configured with PMI/RI reporting, 4 antenna
ports and alternativeCodeBookEnabledFor4TX-r12=TRUE except with
advancedCodebookEnabled=TRUE, and transmission mode 9/10 configured with 4 antenna ports
and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K=1 and except
with alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, and alternativeCodeBookEnabledFor4TX-
r12=TRUE, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 4 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE, and alternativeCodeBookEnabledFor4TX-

r12=TRUE)
Bit width
Field 4 antenna ports
Rank =1 Rank =2 Rank =3 Rank =4

Wide-band CQI 4 4 4
Spatial differential CQI 0 3 3 3
i1 2 2 0 0
Wideband i2 2 2 4 4

Table 5.2.3.3.1-2E: UCI fields for transmission of wideband CQI and precoding information
(transmission mode 9/10 configured with PMI/RI reporting with 2/4/8 antenna ports and higher layer
parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K=1 and
alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 2/4/8 antenna ports with alternativeCodebookEnabledCLASSB_K1=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank =2 | Rank =3 | Rank =4
Wide-band CQI 4 4 4 4 4 4
Spatial differential CQI 0 3 0 3 3 3
Wide-band PMI 2 1 3 3 2 1
Bit width
Field 8 antenna ports
Rank =1 | Rank =2 | Rank =3 | Rank =4 | Rank =5to Rank =8
Wide-band CQI 4 4 4 4 4
Spatial differential CQI 0 3 3 3 3
Wide-band PMI 4 4 4 3 0
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Table 5.2.3.3.1-3 shows the fields and the corresponding bit widths for the rank indication feedback for wideband
reports for PDSCH transmissions associated with transmission mode 3, transmission mode 4, transmission mode 8
configured with PMI/RI reporting, transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports,
transmission mode 10 configured with PMI/RI reporting with 2/4/8 antenna ports, transmission mode 9/10 configured
with PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to
'CLASS B, transmission mode 9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and
higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A" except with
advancedCodebookEnabled=TRUE, and transmission mode 9/10 configured without PMI reporting and higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with 2/4/8 antenna ports, transmission mode 9/10
configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI
reporting with 2/4/8 antenna ports, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type
and eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B' without PMI reporting with 2/4/8 antenna ports.

Table 5.2.3.3.1-3: UCI fields for rank indication feedback for wideband reports (transmission mode 3,
transmission mode 4, transmission mode 8 configured with PMI/RI reporting, transmission mode 9
configured with PMI/RI reporting with 2/4/8 antenna ports, transmission mode 10 configured with
PMI/RI reporting with 2/4/8 antenna ports, transmission mode 9/10 configured with PMI/RI or without
PMI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is
set to 'CLASS B', transmission mode 9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32
antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS A' except
with advancedCodebookEnabled=TRUE, and transmission mode 9/10 configured without PMI
reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with 2/4/8
antenna ports, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI or without PMI reporting with 2/4/8 antenna

ports)
Bit width
Field 2 antenna 4 antenna ports 8/12/16/20/24/28/32 antenna ports
o Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
P layers layers layers layers layers
_ Rank 1 1 2 1 2 3
indication

Table 5.2.3.3.1-3A shows the fields and the corresponding bit widths for the joint transmission of rank indication and il
for wideband reports for PDSCH transmissions associated with transmission mode 9 and transmission mode 10,
transmission mode 9/10 configured with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-
Typeisset to 'CLASS B' with K=1 and except with alternativeCodebookEnabledCLASSB K1=TRUE, and K>1, except
with alternativeCodeBookEnabledFor4TX-r12 =TRUE, and transmission mode 9/10 configured with higher layer
parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with 2/4/8 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE or alternativeCodeBookEnabledFor4TX-r12=TRUE.
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Table 5.2.3.3.1-3A: UCI fields for joint report of Rl and il (transmission mode 9 configured with PMI/RI
reporting with 2/4/8 antenna ports except with alternativeCodeBookEnabledFor4TX-r12 =TRUE and
transmission mode 10 configured with PMI/RI reporting with 2/4/8 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12 =TRUE, transmission mode 9/10 configured with 2/4/8
antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K=1
and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, except with
alternativeCodeBookEnabledFor4TX-r12 =TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with 2/4/8 antenna
ports except with alternativeCodebookEnabledCLASSB_K1=TRUE or
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
" 4 antenna ports 8 antenna ports
acld e anc}retrsma Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
P layers layers layers layers layers
Rank
indication L L 2 4 5 5
i1 - - -

Table 5.2.3.3.1-3B shows the fields and the corresponding bit widths for the joint transmission of rank indication and i1
for wideband reports for PDSCH transmissions associated with transmission modes 8, 9 and 10 configured with PMI/RI
reporting with 4 antenna ports and alter nativeCodeBookEnabledFor4TX-r12 = TRUE, transmission mode 9/10
configured with 4 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with
K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, with
alternativeCodeBookEnabledFor4TX-r12 =TRUE, and transmission mode 9/10 configured with higher layer parameter
eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with 4 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE, with alter nativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.1-3B-1 shows the fields and the corresponding bit widths for the joint transmission of rank indication and
i1 for wideband reports for PDSCH transmissions associated with transmission modes 9 and 10 configured with PMI/RI
reporting with 4/8 antenna ports and higher layer parameters semiOpenLoop and eMIMO-Type, and eMIMO-Typeis
set to 'CLASS B' with K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, with
alternativeCodeBookEnabledFor4TX-r12 =TRUE.

Table 5.2.3.3.1-3B: UCI fields for joint report of Rl and il with 4 antenna ports (transmission modes 8,
9 and 10 configured with PMI/RI reporting, 4 antenna ports and alternativeCodeBookEnabledFor4TX-
r12=TRUE, and transmission mode 9/10 configured with 4 antenna ports and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K=1 and except with
alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, with alternativeCodeBookEnabledFor4TX-
r12 =TRUE, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 configured with 4 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE, with alternativeCodeBookEnabledFor4TX-

r12=TRUE)
Bit width
Field 4 antenna ports
Max 1 or 2 layers Max 4 layers
Rank indication and il 4 5

Table 5.2.3.3.1-3B-1: UCI fields for joint report of Rl and i1 with 4/8 antenna ports (transmission
modes 9 and 10 configured with PMI/RI reporting and higher layer parameters semiOpenLoop and
eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K=1 and except with
alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, with alternativeCodeBookEnabledFor4TX-

r12 =TRUE)
i Bit width
Feld 4/8 antenna ports
Rank indication and il 4
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Table 5.2.3.3.1-3C shows the fields and the corresponding bit widths for the joint report of CRI and rank indication
feedback for wideband reports for PDSCH transmissions associated with transmission mode 9/10 configured with
PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with K>1, and
transmission mode 9/10 configured without PMI reporting and higher layer parameter eMIMO-Type, and eMIMO-Type
isset to 'CLASS B' with K>1 except with activatedResources>0.

Table 5.2.3.3.1-3C: UCI fields for joint report of CRI and rank indication feedback for wideband
reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter eMIMO-
Type, and eMIMO-Type is set to 'CLASS B' with K>1, and transmission mode 9/10 configured without
PMI reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1

except with activatedResources>0)

Bit width
. 4 antenna ports 8 antenna ports
Al 2 a:)n(;[:atr;na Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
layers layers layers layers layers
CRI [log, (K)] [log,(K)] | [log,(K)] | [log,(K)] | [log,(K)] | [log,(K)]
_ Rank 1 1 2 1 2 3
indication

Table 5.2.3.3.1-3D shows the fields and the corresponding bit widths for the joint report of CRI , rank indication and il
feedback for wideband reports for PDSCH transmissions associated with transmission mode 9/10 configured with
PMI/RI reporting with 4/8 ports, and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B’ with
K>1 except with activatedResources>0, with aternativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.1-3D: UCI fields for joint report of CRI, rank indication and il feedback for wideband
reports (transmission mode 9/10 configured with PMI/RI reporting with 8 ports, and higher layer
parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1, transmission mode 9/10

configured with PMI/RI reporting with 4 ports Class B CSl reporting with K>1 with
alternativeCodeBookEnabledFor4TX-r12=TRUE, except with activatedResources>0)

Bit width
Field 4 antenna ports 8 antenna ports
Max 1 or 2 layers Max 4 layers WEV L @7 2 AR E Maae
layers layers

CRI [log, (K)] [log,(K)] | [log,(K)] | [log,(K)] | [log,(K)]

Rank |nd|i<iat|0n and 4 5 4 5 5

Table 5.2.3.3.1-3E shows the fields and the corresponding bit widths for the CRI feedback for wideband reports for
PDSCH transmissions associated with transmission mode 9/10 configured with 1 antenna port for each CSI-RS
resource, Class B CSI reporting with K>1 except with activatedResources>0, and transmission mode 9/10 configured

with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to 'CLASS B' with K>1, where
CRI is associated with eMIMO-Type.

Table 5.2.3.3.1-3E: Fields for CRI feedback for wideband CQI reports (transmission mode 9/10
configured with 1 antenna port for each CSI-RS resource for Class B CSl reporting with K>1 except
with activatedResources>0, and transmission mode 9/10 configured with higher layer parameter
eMIMO-Type and eMIMO-Type2, and eMIMO-Type is set to 'CLASS B' with K>1, where CRI is
associated with eMIMO-Type)

Field Bit width
K=2 K=3andK=4 K=5to K=8
CRI 1 2 3
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Table 5.2.3.3.1-3F shows the fields and the corresponding bit widths for the joint report of CRI and rank indication
feedback for wideband reports for PDSCH transmissions associated with transmission mode 9/10 configured with
PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1 and with
activatedResources>1, and transmission mode 9/10 configured without PMI reporting and higher layer parameter
eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with K>1 and with activatedResources>1. N is the value of higher
layer parameter activatedResour ces.

Table 5.2.3.3.1-3F: UCI fields for joint report of CRI and rank indication feedback for wideband reports
(transmission mode 9/10 configured with PMI/RI or without PMI reporting and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1 and with activatedResources>1)

Bit width
. 4 antenna ports 8 antenna ports
Field 2 %ngﬁr;na Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
layers layers layers layers layers
CRI [log,(N)| | [log,(N)] | [log,(N)] | [log,(N)| | [log,(N)] | [log,(N)]
_ Rank 1 1 2 1 2 3
indication

Table 5.2.3.3.1-3G shows the fields and the corresponding bit widths for the joint report of CRI, rank indication and i1
feedback for wideband reports for PDSCH transmissions associated with transmission mode 9/10 configured with
PMI/RI reporting with 4/8 ports, and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B’ with
K>1 and with activatedResources>1, with alternativeCodeBookEnabledFor4TX-r12=TRUE. N is the value of higher
layer parameter activatedResources.

Table 5.2.3.3.1-3G: UCI fields for joint report of CRI, rank indication and il feedback for wideband
reports (transmission mode 9/10 configured with PMI/RI reporting with 8 ports, and higher layer
parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1 and with
activatedResources>1, and transmission mode 9/10 configured with PMI/RI reporting with 4 ports
Class B CSl reporting with K>1 and with activatedResources>1 with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
. 4 antenna ports 8 antenna ports
Field Max 1 or 2 Max 8
Max 1 or 2 layers Max 4 layers ax-o0 Max 4 layers a
layers layers
CRI [log,(N) | [log,(N) | [log,(N) | [log,(N)| | [log,(N)]
Rank |nd|iclat|on and 4 5 4 5 5

Table 5.2.3.3.1-3H shows the fields and the corresponding bit widths for the CRI feedback for wideband reports for
PDSCH transmissions associated with transmission mode 9/10 configured with 1 antenna port for each CSI-RS
resource, Class B CSl reporting with K>1 and with activatedResources>1. N is the value of higher layer parameter
activatedResour ces.

Table 5.2.3.3.1-3H: Fields for CRI feedback for wideband CQI reports (transmission mode 9/10
configured with 1 antenna port for each CSI-RS resource for Class B CSl reporting with K>1 and with
activatedResources>1)

. Bit width
Field =2 N=3andN=4
CRI 1 2

Parametersil,1-1,i1,2-1,i1,1-2,i1,2-2,, i1,p-2 correspond to parameters i, , i,, , d, , d,, and I, in subclause
7.2.40f [3).

Table5.2.3.3.1-31 and Table 5.2.3.3.1-3J show the fields and the corresponding bit widths for the joint report of rank
indication and i1,p-2 feedback for wideband reports for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting with 4/8 antenna ports and higher layer parameter
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advancedCodebookEnabled=TRUE, and transmission mode 9/10 configured with PMI/RI reporting with
8/12/16/20/24/28/32 antenna ports and higher layer parameters advancedCodebookEnabled and eMIMO-Type, and
eMIMO-Typeis set to 'CLASS A' and advancedCodebookEnabled=TRUE.

Table 5.2.3.3.1-3I: Fields for joint report of rank indication and i1,p-2 feedback for wideband reports
(transmission mode 9/10 configured with PMI/RI reporting with 4 antenna ports and higher layer
parameter advancedCodebookEnabled= TRUE)

Field Bit width
Max 1 or 2 layers | Max 4 layers
Rank indication 1 2
i1,p-2 2 2

Table 5.2.3.3.1-3J: Fields for joint report of rank indication and i1,p-2 feedback for wideband reports
(transmission mode 9/10 configured with PMI/RI reporting with 8 antenna ports and higher layer
parameter advancedCodebookEnabled= TRUE, and transmission mode 9/10 configured with PMI/RI
reporting with 8/12/16/20/24/28/32 antenna ports, and higher layer parameters
advancedCodebookEnabled and eMIMO-Type, and eMIMO-Type is set to 'CLASS A' and
advancedCodebookEnabled=TRUE)

Field Bit width
Max 1 or 2 layers | Max 4 layers | Max 8 layers
Rank indication 1 2 3
i1,p-2 2 2 2

Table 5.2.3.3.1-4 shows the fields and the corresponding bit widths for the precoding matrix information feedback for
wideband reports for PDSCH transmissions associated with transmission mode 9/10 configured with PMI/RI reporting
with 8/12/16/20/24/28/32 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS
A

For Table 5.2.3.3.1-4, 5.2.3.3.1-4B, 5.2.3.3.1-4C, 5.2.3.3.1-4D, the parameters (Sl, Sz) inrank 1 and rank 2 are
defined as (S, S, ) = (1, 1) for CodebookConfig=1and (S,,S,)= (2, 2) for CodebookConfig =2,3 and 4. The

o O
parameters (S,,'S, ) inrank 3 and 4 are defined as (S, S, )= (1, 1) for CodebookConfig=1, (S,, S, )= (?1 ,72)

for CodebookConfig=2, (S,, S, )= (Ol , %j for CodebookConfig=3, (S,, S, )= (Ol : %) for

CodebookConfig=4. The parameters (S, S, ) inrank 5to 8 are defined as (S;, S, ) = (1, 1) for CodebookConfig=1,

0 O
(S.,S,)= (71 ,sz for CodebookConfig=2/3/4. The parameters (L,, L, ) are defined as L, = min{4, N, } and

L,=2for Ny>N,and N,#1, L, =2 and L, =min{4,N,} for N,<N, and N, #1, L, = min{8,N,}
and L, =1for N, =1.

Table 5.2.3.3.1-4: UCI fields for channel quality information feedback for precoding information (il)
(transmission mode 9/10 configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set
to '"CLASS A' with codebook configuration (N,N,,Q,Q), except with

advancedCodebookEnabled=TRUE)

Bit width
Rank =2 | Rank =3 I Rank =4

Field Rank =1 I
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VX%EE?\;P ﬂng(NlOl/Slﬂ (Ing(Niollsl)-‘ (IOQZ{,\?X{ZJ{Q_SNZJJH (IOQ{I\?X[ZJ{Q_E;NZJD—‘
Srstew | [100,(N,0,75,)] [10g,(N,0,7S,)]]  [10g,(N,0,/5,)] llog, (N,0, /5, )]
Flil;lzd Bit width
: Rank =5 Rank =6 Rank =7 Rank =8
vai:igﬁiﬂ”f llog,(N.0,/S,)] |[log,(N.0,/S)]|  [10g,(N,0,/S,)] llog, (N.0,/S,)]
11,
Vﬁi‘éfgiﬂ”? llog, (N,0,/5,)] [log,(N,0,/S,)]|  [log,(N,0,/S,)] llog, (N,0, /S, )]
11,

Table5.2.3.3.1-4A, Table 5.2.3.3.1-4B and Table 5.2.3.3.1-4C show the fields and the corresponding bit widths for the
precoding matrix information feedback for wideband reports for PDSCH transmissions associated with transmission
mode 9/10 configured with PMI/RI reporting with 4/8 antenna ports and higher layer parameter
advancedCodebookEnabled=TRUE , and transmission mode 9/10 configured with PMI/RI reporting with
8/12/16/20/24/28/32 antenna ports and higher layer parameters advancedCodebookEnabled and eMIMO-Type, and
eMIMO-Typeis set to 'CLASS A' and advancedCodebookEnabled=TRUE.

Table 5.2.3.3.1-4A: UCI fields for channel quality information feedback for precoding information (il)
(transmission mode 9/10 configured with PMI/RI reporting with 4 antenna ports and higher layer
parameter advancedCodebookEnabled=TRUE)

Bit width
Rank =1 Rank =2 Rank =3 Rank =4

Field

Wideband
first PMI 3 3 0 0
i1,1-1
Wideband
first PMI 0 0 0 0
i1,2-1
Wideband
first PMI 0 0 0 0
i1,1-2
Wideband
first PMI 0 0 0 0

i1,2-2

Table 5.2.3.3.1-4B: UCI fields for channel quality information feedback for precoding information (il)
(transmission mode 9/10 configured with PMI/RI reporting with 8 antenna ports and higher layer
parameter advancedCodebookEnabled=TRUE)

Bit width

Field Rank = 1 Rank = 2 Rar;k = Rizk Rar;k = Rar%k = Rar;k = Ragk =
Ve | Mog,(NO)T | Tlog,(NO)T| 2 | 2 | 2 | 2 | 2 | o
WE&?";‘{"‘;_ﬁfSt 0 0 0 0 0 0 0 0
Yevinte | Mog)] | flog)] | o | o | o | o | o | o
WE&?";‘f‘g_ﬁert 0 0 0 0 0 0 0 0
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Table 5.2.3.3.1-4C: UCI fields for channel quality information feedback for precoding information (il)
(transmission mode 9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and
higher layer parameters advancedCodebookEnabled and eMIMO-Type, and
advancedCodebookEnabled=TRUE and eMIMO-Type is set to 'CLASS A' with codebook configuration

(N,N,,Q.0))

Field

Bit width

Rank =1

Rank =2

Rank =3

Rank =4

Wideband
first PMI
i1,1-1

[log,(N,0,)]

[log,(N,0,)]

(]

o237

Wideband
first PMI
i1,2-1

|7| OgZ ( NZOZ )—|

|7| ogZ ( NZOZ )—I

[log,(N,0,/S,)]

[log,(N,0,/S,)]

Wideband
first PMI
i1,1-2

[log,(L,)]

[log,(L,)]

Wideband
first PMI
i1,2-2

[log,(L,)]

[log,(L,)]

Field

Bit width

Rank =5

Rank =6

Rank =7

Rank =8

Wideband
first PMI
i1,1-1

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

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

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

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

Wideband
first PMI
i1,2-1

[log,(N,0,/S,)]

[log,(N,0,/S,)]

[log,(N,0,/S,)]

[log,(N,0,/S,)]

Wideband
first PMI
i1,1-2

Wideband
first PMI
i1,2-2

Table 5.2.3.3.1-4D shows the fields and the corresponding bit widths for the joint transmission of i1 and rank indication
for wideband reports for PDSCH transmissions associated with transmission mode 9/10 configured with higher layer
parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to 'CLASS A" with 8/12/16/20/24/28/32 antenna
ports and eMIMO-Type2 is set to 'CLASS B', where il and rank indication are associated with Class A.

Table 5.2.3.3.1-4D: UCI fields for channel quality information feedback for report of i1 and rank
indication feedback (transmission mode 9/10 configured with higher layer parameter eMIMO-Type
and eMIMO-Type2, and eMIMO-Type is set to 'CLASS A" with codebook configuration (N,N,,Q,Q),

where iland rank indication are associated with Class A)

Bit width
Field Max 1 or 2 layers Max 4 or 8 layers
Rank =1 Rank =1 Rank =3
Wideband
first PMI log,(N,0,/S,)] log,(N,0,/5,)] Pog{”;lolx[mf‘s'“zm
i1,1
Wideband
first F;Ml |7|092(N202/82 )—| |V|ng(N202/SZ)—| |7|092(N202/82 )—|
i1,
RI 0 1

The channel quality bitsin Table 5.2.3.3.1-1 through Table 5.2.3.3.1-4C form the bit sequence a,,a,,a,,83,...,85 3
with a, corresponding to the first bit of thefirst 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
of each field corresponds to MSB and the last bit LSB. The RI feedback for one bit is mapped according to Table
5.2.2.6-5with off replaced by a, . The Rl feedback for two bits is mapped according to Table 5.2.2.6-6 with of , o
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replaced by a,,a, . The RI feedback for three bitsis mapped according to Table 5.2.2.6-7 with o , o , o} replaced

by &,,8;,a, . The same procedures for RI mapping are applied to CRI, replacing RI with CRI. The mapping for the
jointly coded Rl and il isprovided in Table 7.2.2-1E of [3].

When multiplexed with UL-SCH, the channel coding and multiplexing for the transmission configurationsin Table
5.2.3.3.1-3, Tahle 5.2.3.3.1-3A, Table 5.2.3.3.1-3B, Table 5.2.3.3.1-3B-1, Table 5.2.3.3.1-3C, Table 5.2.3.3.1-3D, Table
5.2.3.3.1-3F, Tahles 5.2.3.3.1-3G, 5.2.3.3.1-3I, 5.2.3.3.1-3J and Table 5.2.3.3.1-4D is performed assuming RI
transmission in subclause 5.2.2.6. All other transmission configurationsin this subclause are coded and multiplexed
assuming CQI/PMI transmission in subclause 5.2.2.6.

For transmission mode 9/10 configured with Class B CSl reporting and K>1, the number of antenna port in Table
5.2.3.3.1-3C, 5.2.3.3.1-3D refers to the maximum number of antenna ports of K CSI-RS resources configured for the
CSl-process for the UE.

For transmission mode 9/10 configured with Class B CSI reporting and K>1 and with number ActivatedCS -RS
Resource>1, the number of antenna port in Table 5.2.3.3.1-3F, 5.2.3.3.1-3G refers to the maximum number of antenna
ports of N CSI-RS resources activated for the CSl-process for the UE.

5.2.3.3.2 Channel gquality information formats for UE-selected sub-band reports

Table 5.2.3.3.2-1 shows the fields and the corresponding bit widths for the sub-band channel quality information
feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 1, transmission
mode 2, transmission mode 3, transmission mode 7, transmission mode 8 configured without PMI/RI reporting,
transmission mode 9 configured without PMI/RI reporting or configured with 1 antenna port, transmission mode 10
configured without PMI/RI reporting or configured with 1 antenna port, and transmission mode 9/10 configured with
higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B' configured without
PMI/RI reporting or configured with 1 antenna port.

Table 5.2.3.3.2-1A shows the fields and the corresponding bit widths for the sub-band channel quality information
feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9/10
configured without PMI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with
2/4/8 antenna ports, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-
Type2, and eMIMO-Type2 is set to 'CLASS B' configured without PMI reporting with 2/4/8 antenna ports.

Table 5.2.3.3.2-1: UCI fields for channel quality information feedback for UE-selected sub-band CQI
reports (transmission mode 1, transmission mode 2, transmission mode 3, transmission mode 7,
transmission mode 8 configured without PMI/RI reporting, transmission mode 9 configured without
PMI/RI reporting or configured with 1 antenna port, transmission mode 10 configured without PMI/RI
reporting or configured with 1 antenna port, transmission mode 9/10 configured without PMI/RI with
higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B', and transmission mode
9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 is set
to 'CLASS B' configured without PMI/RI reporting or configured with 1 antenna port)

Field Bit width
Sub-band CQI 4
Sub-band label lor2

Table 5.2.3.3.2-1A: UCl fields for channel quality information feedback for UE-selected subband CQI
reports (transmission mode 9/10 configured without PMI reporting and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with 2/4/8 antenna ports, and transmission mode
9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 is set
to 'CLASS B' configured without PMI reporting with 2/4/8 antenna ports)

Field Bit width
Rank =1 | Rank >1
Wide-band CQI 4 4
Spatial differential CQI 0 3
Sub-band label lor2 lor2
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Table 5.2.3.3.2-2 shows the fields and the corresponding bit widths for the sub-band channel quality information
feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 4, transmission
mode 5, transmission mode 6, and transmission mode 8 configured with PMI/RI reporting except with

alter nativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.2-2: UCl fields for channel quality information feedback for UE-selected sub-band
reports (transmission mode 4, transmission mode 5, transmission mode 6 and transmission mode 8
configured with PMI/RI reporting except with alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank=1 | Rank=2 | Rank =1 | Rank > 1
Sub-band CQI 4 4 4 4
Spatial differential CQI 0 3 0 3
Sub-band label lor2 lor2 lor2 lor2

Table5.2.3.3.2-2A and Table 5.2.3.3.2-2B show the fields and the corresponding bit widths for the sub-band channel
quality information feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission
mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports except with alternativeCodeBookEnabledFor4TX-
r12=TRUE, and transmission mode 10 configured with PMI/RI reporting with 2/4/8 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 9/10 configured with PMI/RI reporting with 2/4/8
antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with K=1 and except
with alternativeCodebookEnabledCLASSB_K1=TRUE, or K>1, except with alter nativeCodeBookEnabledFor4TX-
r12=TRUE, transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and
eMIMO-Type2 configured with PMI/RI reporting with 2/4/8 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE or alternativeCodeBookEnabledFor4TX-r12=TRUE. The number of
configured CSI-RS resourcesin a CSl process K is defined in [3] and alternativeCodebookEnabledCLASSB K1 is
configured by higher layers[6].

Table 5.2.3.3.2-2A-1 shows UCI fields for channel quality information feedback for UE-selected sub-band reports
(transmission mode 9/10 configured with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-
Typeisset to 'CLASS B' with K=1 and alternativeCodebookEnabledCLASSB_K1=TRUE, transmission mode 9/10
configured without PMI reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with
2/4/8 antenna ports, transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2,
and eMIMO-Type2 is set to 'CLASS B' configured without PMI reporting with 2/4/8 antenna ports.

Table 5.2.3.3.2-2C shows the fields and the corresponding bit widths for the sub-band channel quality information
feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission modes 8, 9 and 10
configured with PMI/RI reporting and alter nativeCodeBookEnabledFor4TX-r12 = TRUE, transmission mode 9/10
configured with PMI/RI reporting with 4 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis
set to 'CLASS B' with K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and with
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with higher layer parameter
eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 4 antenna ports except
with alternativeCodebookEnabledCLASSB_K1=TRUE , and with alter nativeCodeBookEnabledFor4TX-r12=TRUE.
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Table 5.2.3.3.2-2A: UClI fields for channel quality information feedback for UE-selected sub-band
reports (transmission mode 9 configured with PMI/RI reporting with 2/4 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 10 configured with PMI/RI
reporting with 2/4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE, and
transmission mode 9/10 configured with 2/4 antenna ports and higher layer parameter eMIMO-Type,
and eMIMO-Type is set to 'CLASS B' with K=1 and except with
alternativeCodebookEnabledCLASSB_K1=TRUE, K>1 except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 2/4 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE or
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank=1 | Rank =2 | Rank =1 | Rank >1
Wide-band CQI 0 0 0 0
Sub-band CQI 4 4 4 4
Spatial differential CQI 0 3 0 3
Wide-band i2 0 0 0 0
Sub-band i2 0 0 0 0
Sub-band label lor2 lor2 lor2 lor2

Table 5.2.3.3.2-2A-1: UCI fields for channel quality information feedback for UE-selected sub-band
reports (transmission mode 9/10 configured with 2/4/8 antenna ports and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K=1 and
alternativeCodebookEnabledCLASSB_K1=TRUE, transmission mode 9/10 configured without PMI
reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with 2/4/8
antenna ports, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B' configured without PMI reporting with 2/4/8
antenna ports)

Bit width

Field 2/4/8 antenna ports

Rank =1 | Rank > 1
Wide-band CQI 0 0
Sub-band CQI 4 4
Spatial differential CQI 0 3
Wide-band i2 0 0
Sub-band i2 0 0

Sub-band label lor2 lor2

Table 5.2.3.3.2-2B: UCI fields for channel quality feedback for UE-selected sub-band reports
(transmission mode 9 configured with PMI/RI reporting with 8 antenna ports, transmission mode 10
configured with PMI/RI reporting with 8 antenna ports, and transmission mode 9/10 configured with 8
antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K=1
except with alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, and transmission mode 9/10
configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured
with PMI/RI reporting with 8 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE)

Bit width
Field 8 antenna ports
Rank =1 Rank =2, 3 Rank =4 Rank =5, 6, 7 Rank =8
PTI=0 | PTI=1 | PTI=0 | PTI=1 | PTI=0 | PTI=1 | PTI=0 | PTI=1 | PTI=0 | PTI=1
Wide-band CQI 4 0 4 0 4 0 4 0 4 0
Sub-band CQI 0 4 0 4 0 4 0 4 0 4
Spatial differential CQI 0 0 3 3 3 3 3 3 3 3
Wide-band i2 4 0 4 0 3 0 0 0 0 0
Sub-band i2 0 4 0 2 0 2 0 0 0 0
Sub-band label 0 lor2 0 lor2 0 lor2 0 lor2 0 lor2
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Table 5.2.3.3.2-2C: UCI fields for channel quality feedback for UE-selected sub-band reports with 4
antenna ports (transmission modes 8, 9 and 10 configured with PMI/RI reporting, 4 antenna ports and
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with 4
antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K=1
and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, with
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 4 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE, and with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
Field 4 antenna ports
Rank =1 Rank =2 Rank = 3 | Rank=4

PTI=0 | PTI=1 | PTI=0 | PTI=1 PTI=1 PTI=1
Wide-band CQI 4 0 4 0 0 0
Sub-band CQI 0 4 0 4 4 4
Spatial differential CQI 0 0 3 3 3 3
Wide-band i2 4 0 4 0 0 0
Sub-band i2 0 4 0 2 2 2

Sub-band label 0 lor2 0 lor2 lor2 lor2

Table 5.2.3.3.2-2D shows the fields and the corresponding bit widths for the sub-band channel quality information
feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting and higher layer parameters semiOpenLoop and eMIMO-Type, and eMIMO-Type is
set to 'CLASS B' with 2/4 antenna ports, and K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE,
and K>1, except with alternativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.2-2D: UCI fields for channel quality information feedback for UE-selected sub-band
reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer parameters
semiOpenLoop and eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with 2/4 antenna ports, and
K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, except with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

. Bit width
Fele Rank =1 | Rank =2

Wide-band CQI 0 0
Sub-band CQI 4 4
Spatial differential CQI 0 3
Wide-band i2 0 0
Sub-band i2 0 0

Sub-band label lor?2 1lor2

Table 5.2.3.3.2-2E shows the fields and the corresponding bit widths for the sub-band channel quality information
feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting and higher layer parameters semiOpenLoop and eMIMO-Type, and eMIMO-Type is
set to 'CLASS B' with 4/8 antenna ports, and K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE,
and K>1, with alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with PMI/RI
reporting and higher layer parameters semiOpenLoop and eMIMO-Type, and eMIMO-Typeisset to 'CLASS A"
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Table 5.2.3.3.2-2E: UCI fields for channel quality information feedback for UE-selected sub-band
reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer parameters
semiOpenLoop and eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with 4/8 antenna ports, and
K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, with
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with PMI/RI
reporting and higher layer parameters semiOpenLoop and eMIMO-Type, and eMIMO-Type is set to

'CLASS A)
. Bit width
Pl Rank =1 Rank =2
PTI=0 | PTI=1 | PTI=0 | PTI=1
Wide-band CQI 4 0 4 0
Sub-band CQI 0 4 0 4
Spatial differential CQI 0 0 3 3
Wide-band i2 0 0 0 0
Sub-band i2 0 0 0 0
Sub-band label 0 lor2 0 lor2

Table 5.2.3.3.2-3 shows the fields and the corresponding bit widths for the wide-band channel quality and precoding
matrix information feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission
mode 4, transmission mode 5, transmission mode 6 and transmission mode 8 configured with PMI/RI reporting except
with alternativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.2-3: UCI fields for channel quality information feedback for UE-selected sub-band CQI
reports (transmission mode 4, transmission mode 5, transmission mode 6 and transmission mode 8
configured with PMI/RI reporting except with alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank >1
Wide-band CQI 4 4 4 4
Spatial differential CQI 0 3 0 3
Precoding matrix indicator 2 1 4 4

Table 5.2.3.3.2-3A and Table 5.2.3.3.2-3B show the fields and the corresponding bit widths for the wide-band channel
quality and precoding matrix information feedback for UE-selected sub-band reports for PDSCH transmissions
associated with transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 10 configured with PMI/RI reporting with 2/4/8
antenna ports except with alter nativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured
with PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to
'‘CLASS B’ with K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 9/10 configured with higher layer parameter
eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 2/4/8 antenna ports except
with alternativeCodebookEnabledCLASSB_K1=TRUE or alternativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.2-3A-1 shows the fields and the corresponding bit widths for the wide-band channel quality and precoding
matrix information feedback for UE-sel ected sub-band reports for PDSCH transmissions associated with transmission
mode 9/10 configured with PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and
eMIMO-Typeis set to 'CLASS B' with K=1 and alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission
mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured
with PMI/RI reporting with 2/4/8 antenna ports with alter nativeCodebookEnabledCLASSB_K1=TRUE.

Table 5.2.3.3.2-3A-2 shows the fields and the corresponding bit widths for the wide-band channel quality feedback for
UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9/10 configured with
PMI/RI reporting and higher layer parameters semiOpenLoop and eMIMO-Type, and eMIMO-Typeis set to 'CLASS B'
with 2/4 antenna ports, and K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, except
with alternativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.2-3C shows the fields and the corresponding bit widths for the wide-band channel quality and precoding
matrix information feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission
modes 8, 9 and 10 configured with PMI/RI reporting, 4 antenna ports and alternativeCodeBookEnabledFor4TX-
r12=TRUE, and transmission mode 9/10 configured with PMI/RI reporting with 4 antenna ports and higher layer
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parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with K=1 and except with
alternativeCodebookEnabledCLASSB K1=TRUE, K>1 with alternativeCodeBookEnabledFor4TX-r12=TRUE,
transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2
configured with PMI/RI reporting with 4 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE,

with alter nativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.2-3C-1 shows the fields and the corresponding bit widths for the wide-band channel quality and precoding
matrix information feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission
mode 9/10 configured with higher layer parameters semi OpenLoop and eMIMO-Type, and eMIMO-Typeis set to
'CLASS B' with 4/8 antenna ports, and K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and
K>1, with alter nativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.2-3A: UCI fields for wide-band channel quality and precoding matrix information
feedback for UE-selected sub-band reports (transmission mode 9 configured with PMI/RI reporting
with 2/4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission
mode 10 configured with PMI/RI reporting with 2/4 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 9/10 configured with PMI/RI
reporting with 2/4 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to
'CLASS B' with K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, except
with alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with
higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI
reporting with 2/4 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE or
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank=1 | Rank=2 | Rank =1 | Rank > 1
Wide-band CQI 4 4 4 4
Spatial differential CQI 0 3 0 3
i1 0 0 0 0
Wide-band i2 2 1 4 4

Table 5.2.3.3.2-3A-1: UClI fields for wide-band channel quality and precoding matrix information
feedback for UE-selected sub-band reports (transmission mode 9/10 configured with 2/4/8 antenna
ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K=1 and
alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 2/4/8 antenna ports with alternativeCodebookEnabledCLASSB_K1=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank =2 | Rank =3 | Rank =4
Wideband CQI 4 4 4 4 4 4
Spatial differential CQI 0 3 0 3 3 3
i1 0 0 0 0 0 0
Wide-band i2 2 1 3 3 2 1
Bit width
Field 8 antenna ports
Rank =1 | Rank =2 | Rank =3 | Rank =4 Rank =5~8
Wideband CQI 4 4 4 4 4
Spatial differential CQI 0 3 3 3 3
i1 0 0 0 0 0
Wide-band i2 4 4 4 3 0
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Table 5.2.3.3.2-3A-2: UCI fields for wide-band channel quality feedback for UE-selected sub-band
reports (transmission mode 9/10 configured with higher layer parameters semiOpenLoop and
eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with 2/4 antenna ports, and K=1 and except with
alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, except with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
Field Rank =1 Rank =2
Wideband CQI 4 4
Spatial differential CQI 0 3
Precoding matrix indicator 0 0

Table 5.2.3.3.2-3B: UCI fields for wide-band channel quality and precoding matrix information
feedback for UE-selected sub-band reports (transmission mode 9 configured with PMI/RI reporting
with 8 antenna ports and transmission mode 10 configured with PMI/RI reporting with 8 antenna
ports, and transmission mode 9/10 configured with PMI/RI reporting with 8 antenna ports and higher
layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K=1 and except with
alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, and transmission mode 9/10 configured with
higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI
reporting with 8 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE)

Bit width
. 8 antenna ports
Al Rank =1 Rank =2 Rank =3
PTI=0 | PTI=1 | PTI=0 | PTI=1 | PTI=0 | PTI=1
Wide-band CQI 0 4 0 4 0 4
Spatial differential CQI 0 0 0 3 0 3
i1 4 0 4 0 2 0
Wide-band i2 0 4 0 4 0 4
Bit width
Field 8 antenna ports
Rank = 4 Rank =5, 6, 7 Rank =8
PTI=0 | PTI=1 | PTI=0 | PTI=1 | PTI=0 | PTI=1
Wide-band CQI 0 4 0 4 0 4
Spatial differential CQI 0 3 0 3 0 3
i1 2 0 2 0 0 0
Wide-band i2 0 3 0 0 0 0

Table 5.2.3.3.2-3B-1 shows the fields and the corresponding bit widths for the wide-band channel quality and precoding
matrix information feedback for UE-sel ected sub-band reports for PDSCH transmissions associated with transmission
mode 9/10 configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to

'CLASS A" with CodebookConfig=1. The parameters (S,, S, ) are defined as (S;, S, )= (1, 1) for CodebookConfig=1.

Table 5.2.3.3.2-3B-2 shows the fields and the corresponding bit widths for the wide-band channel quality and precoding
matrix information feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission
mode 9/10 configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to
'CLASS A" with CodebookConfig=2/3/4. . The parameters (S;,'S, ) in rank 1 and rank 2 are defined as

(S.,S,)=(2, 2) for CodebookConfig =2,3 and 4. The parameters (S,, S, ) inrank 3 and 4 are defined as

o O 0
(811 52 ) = 71 ,72] for CodebookConfig =2, (Sl, 32 ) = (Ol , fj for CodebookConfig =3,
@)
(S.S,)=| 0, sz for CodebookConfig =4. The parameters (S;, S, ) in rank 5 to 8 are defined as

O
(S.,S,)= 71 ,TZJ for CodebookConfig =2/3/4.

Table 5.2.3.3.2-3B-3 shows the fields and the corresponding bit widths for the wide-band channel quality and precoding
matrix information feedback for UE-sel ected sub-band reports for PDSCH transmissions associated with transmission
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mode 9/10 configured with higher layer parameters semi OpenLoop and eMIMO-Type, and eMIMO-Typeis set to
'CLASS A" with CodebookConfig=1/2/3/4. The parameters (S, S, ) in rank 1 and rank 2 are defined as

(S,,S,)=(L1) for CodebookConfig=1and (S;,S, )= (2, 2) for CodebookConfig =2, 3 and 4.

Table 5.2.3.3.2-3B-1: UCI fields for wide-band channel quality and precoding matrix information
feedback for UE-selected sub-band reports (transmission mode 9/10 configured with higher layer
parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS A' with codebook configuration (N,N,,Q,Q)

, and CodebookConfig=1)

Bit width
8/12/16/20/24/28/32 antenna ports
Field Rank =1 Rank =2 Rank =3
PTI=0 PTI=1 PTI=0 PTI=1 PTI=0 PTI=1

Wide-
band COI 0 4 0 4 0 4

Spatial
differential 0 0 0 3 0 3

CcQl

el e I R | e e
e 5 O I 5 W 6 I

Wide-
band i2 0 2 0 2 0 1
Bit width
8/12/16/20/24/28/32 antenna ports
Field Rank =4 Rank =5to Rank =8
PTI=0 PTI=1 PTI=0 PTI=1
Wide-
band CQI 0 4 0 4
Spatial
differential 0 3 0 3
CQl
Wideband
B o C Pl o | ) o
i1,1 S
Wideband
first PMI {I og(quﬂ 0 %0 quﬂ 0
i1,2 S S
Wide-
band i2 0 1 0 0
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Table 5.2.3.3.2-3B-2: UCl fields for wide-band channel quality and precoding matrix information
feedback for UE-selected sub-band reports (transmission mode 9/10 configured with higher layer

parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS A' with codebook configuration
(N,N,,Q,0), and CodebookConfig=2/3/4)

Bit width
8/12/16/20/24/28/32 antenna ports
Field Rank =1 Rank = 2 Rank = 3
_ PTI= _ _ _ _
PTI=0 1 PTI=0 PTI=1 PTI=0 PTI=1
Wide-
band COI 0 4 0 4 0 4
Spatial
differentia 0 0 0 3 0 3
| CQl
Wideban
N _
ARSI EREIE
PMI 1,1 S S S
Wideban
N,O
ARG DI RRE
PMI i1,2 S, S S
Wide-
band i2 0 4 0 4 0 4
Bit width
8/12/16/20/24/28/32 antenna ports
. Rank = 4 Rank =5to Rank = 8
Field
PTI=0 PTl': PTI=0 PTI=1
Wide-
band CQI 0 4 0 4
Spatial
differentia 0 3 0 3
| CQI
Wideban _
A I R o
PMI 1,1 St S
Wideban
N
d first {Iogz[ 0, ﬂ 0 PongNzon 0
PMI i1,2 S, =
Wide-
band i2 0 3 0 0
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Table 5.2.3.3.2-3B-3: UClI fields for wide-band channel quality and precoding matrix information
feedback for UE-selected sub-band reports (transmission mode 9/10 configured with higher layer
parameters semiOpenLoop and eMIMO-Type, and eMIMO-Type is set to 'CLASS A' with codebook

configuration (N,N,,Q,Q), and CodebookConfig=1/2/3/4)

Bit width
8/12/16/20/24/28/32 antenna ports

Field Rank =1 Rank = 2

PTI=0 PTI=1 | PTI=0 | PTI=1

Wide-band CQI 0 4 0 4
Spatial differential CQI 0 0 3

s ﬂ ’ P‘){%ﬂ °

N
_ . : N NO
Wideband first PMI i1,2 Pog[ S j—‘ 0 (Io{ s ﬂ 0
0

Wide-band i2 0 0

O

Wideband first PMI i1,1 P og

N

O

Table 5.2.3.3.2-3C: UCI fields for wide-band channel quality and precoding matrix information
feedback for UE-selected sub-band reports with 4 antenna ports (transmission modes 8, 9 and 10
configured with PMI/RI reporting and alternativeCodeBookEnabledFor4TX-r12=TRUE, and
transmission mode 9/10 configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set
to 'CLASS B' with K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1,
with alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with
higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI
reporting with 4 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE, with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
Field 4 antenna ports
Rank =1 Rank =2 Rank = 3 | Rank=4
PTI=0 | PTI=1 | PTI=0 | PTI=1 PTI=1 PTI=1
Wide-band CQI 0 4 0 4 4 4
Spatial differential CQI 0 0 0 3 3 3
il 4 0 4 0 0 0
Wide-band i2 0 4 0 4 4 4

Table 5.2.3.3.2-3C-1: UCI fields for wide-band channel quality and precoding matrix information
feedback for UE-selected sub-band reports with 4/8 antenna ports (transmission mode 9/10
configured with higher layer parameters semiOpenLoop and eMIMO-Type, and eMIMO-Type is set to
'‘CLASS B' with K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

. Bit width
Al Rank =1 Rank =2
PTI=0 | PTI=1 | PTI=0 | PTI=1
Wide-band CQI 0 4 0 4
Spatial differential CQI 0 0 0 3
i1 4 0 4 0
Wide-band i2 0 0 0 0

Table 5.2.3.3.2-4 shows the fields and the corresponding bit width for the rank indication feedback for UE-selected sub-
band reports for PDSCH transmissions associated with transmission mode 3, transmission mode 4, transmission mode 8
configured with PMI/RI reporting except with alternativeCodeBookEnabledFor4TX-r 12=TRUE, transmission mode
9/10 configured with PMI/RI reporting with 2/4/8 antenna ports with higher layer parameter eMIMO-Type, and
eMIMO-Typeis set to 'CLASS B' with K=1 and alter nativeCodebookEnabledCLASSB_K1=TRUE, transmission mode
9/10 configured without PM1 reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B'
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with K=1 and alter nativeCodebookEnabledCLASSB_K1=TRUE for 2/4/8 antenna ports, transmission mode 9/10
configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI
reporting with 2/4/8 antenna ports with alter nativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10
configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured without PMI
reporting with alternativeCodebookEnabledCLASSB_K1=TRUE for 2/4/8 antenna ports.

Table 5.2.3.3.2-4: UCI fields for rank indication feedback for UE-selected sub-band reports
(transmission mode 3, transmission mode 4, and transmission mode 8 configured with PMI/RI
reporting except with alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 9/10

configured with PMI/RI or without PMI reporting with 2/4/8 antenna ports with higher layer parameter
eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K=1 and
alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI or without
PMI reporting with 2/4/8 antenna ports with alternativeCodebookEnabledCLASSB_K1=TRUE)

Bit width
. 4 antenna ports 8 antenna ports
FIEld 2 anc;[retr;na Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
P layers layers layers layers layers
_ Rank 1 1 2 1 2 3
indication

Table 5.2.3.3.2-4A shows the fields and the corresponding bit width for the rank indication and precoder type indication
(PTI) feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9
configured with PMI/RI reporting with 2/4/8 antenna ports and transmission mode 10 configured with PMI/RI reporting
with 2/4/8 antenna ports, and transmission mode 9/10 configured with PMI/RI reporting with 2/4/8 antenna ports and
higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with K=1 and except with
alternativeCodebookEnabledCLASSB_K1=TRUE, or K>1, except with alternativeCodeBookEnabledFor4TX-
r12=TRUE for 4Tx, transmission mode 9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports
and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A', and transmission mode 9/10
configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI
reporting with 2/4/8 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE.

Table 5.2.3.3.2-4B shows the fields and the corresponding bit width for the rank indication and precoder type indication
(PTI) feedback with 4 antenna ports for UE-sel ected sub-band reports for PDSCH transmissions associated with
transmission mode 8, transmission mode 9 and transmission mode 10 configured with PMI/RI reporting and
alternativeCodeBookEnabledFor4TX-r12 = TRUE, transmission mode 9/10 configured with PMI/RI reporting and
higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K=1 and except with
alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, with alternativeCodeBookEnabledFor4TX-r12=TRUE, and
transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2
configured with PMI/RI reporting except with alternativeCodebookEnabledCLASSB_K1=TRUE, with
alternativeCodeBookEnabledFor4TX-r12=TRUE.

ETSI



3GPP TS 36.212 version 15.2.1 Release 15 166 ETSI TS 136 212 V15.2.1 (2018-07)

Table 5.2.3.3.2-4A: UCI fields for joint report of Rl and PTI (transmission mode 9 configured with
PMI/RI reporting with 2/4/8 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE,
transmission mode 10 configured with PMI/RI reporting with 2/4/8 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 9/10 configured with PMI/RI
reporting with 2/4/8 antenna ports with higher layer parameter eMIMO-Type, and eMIMO-Type is set
to 'CLASS B' with K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, or K>1,
except with alternativeCodeBookEnabledFor4TX-r12=TRUE for 4Tx, transmission mode 9/10
configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to 'CLASS A, and transmission mode 9/10 configured with
higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI
reporting with 2/4/8 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE)

Bit width
Field 2 antenna 4 antenna ports 8/12/16/20/24/28/32 antenna ports
ports Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
layers layers layers layers layers
Rank indication 1 1 2 1 2 3
Precoder type ) ) ) 1 1 1
indication

Table 5.2.3.3.2-4B: UCI fields for joint report of Rl and PTI with 4 antenna ports (transmission mode 8,
transmission mode 9 and transmission mode 10 configured with PMI/RI reporting and
alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 9/10 configured with PMI/RI
reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K=1 and
except with alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, with
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
except with alternativeCodebookEnabledCLASSB_K1=TRUE, with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
Field 4 antenna ports
Max 1 or 2 layers | Max 4 layers
Rank indication 1 2
Precoder type indication 1 1

Table 5.2.3.3.2-4C shows the fields and the corresponding bit widths for the joint report of CRI and rank indication
feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with
K>1, and transmission mode 9/10 configured without PM1 reporting with 2/4 antenna ports and higher layer parameter
eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with K>1 except with activatedResources>0.

Table 5.2.3.3.2-4D shows the fields and the corresponding bit widths for the joint report of CRI , rank indication and
PTI feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with
K>1 except with activatedResources>0.
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Table 5.2.3.3.2-4C: UCl fields for joint report of CRI and rank indication feedback for UE-selected
subband reports (transmission mode 9/10 configured with PMI/RI reporting with 2/4 antenna ports
and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1, and
transmission mode 9/10 configured without PMI reporting with 2/4 antenna ports and higher layer
parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1 except with
activatedResources>0)

. Bit width Bit width
Field
2 antenna ports 4 antenna ports
Max 1 or 2 layers Max 4 layers Max 1 or 2 layers Max 4 layers
o [log,(K)] | [log,(K)] |  [log,(K)] | [log,(K)]
Rank indication 1 1 2 2

Table 5.2.3.3.2-4D: UCI fields for joint report of CRI, Rl and PTI (transmission mode 9/10 configured
with PMI/RI reporting with 8 antenna ports with higher layer parameter eMIMO-Type, and eMIMO-Type
is set to 'CLASS B' with K>1, transmission mode 9/10 configured with PMI/RI reporting with 4
antenna ports with Class B CSl reporting with K>1with alternativeCodeBookEnabledFor4TX-
r12=TRUE, except with activatedResources>0)

Bit width
Field 4 antenna ports 8 antenna ports
Max 1 or 2 layers Max 4 layers M?;ytg 2 Max 4 layers I“g?:rg
CRI [log, (K)] [log,(K)] | [log,(K)] | [log,(K)] | [log,(K)]
Rank indication 1 2 1 2 3
Precoder type 1 1 1 1 1
indication

Table 5.2.3.3.2-4E shows the fields and the corresponding bit width for CRI feedback for UE-sel ected sub-band reports
for PDSCH transmissions associated with transmission mode 9/10 configured with 1 antenna port for each CSI-RS
resource reporting for Class B CSI reporting with K>1 except with activatedResources>0, and transmission mode 9/10

configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to 'CLASS B’ with
K>1, where CRI is associated with eMIMO-Type.

Table 5.2.3.3.2-4E: Fields for CRI feedback for transmission mode 9/10 configured with 1 antenna
port for each CSI-RS resource for Class B CSl reporting with K>1 except with activatedResources>0,
and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2,

and eMIMO-Type is set to 'CLASS B' with K>1, where CRI is associated with eMIMO-Type)

Field Bit width
K=2 K=3andK=4 K=5to K=8
CRI 1 2 3

Table 5.2.3.3.2-4F shows the fields and the corresponding bit widths for the joint report of CRI and rank indication
feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with
K>1 and activatedResources>1, and transmission mode 9/10 configured without PMI reporting with 2/4 antenna ports
and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with K>1 and activatedResources>1. N
isthe value of higher layer parameter activatedResour ces.

Table 5.2.3.3.2-4G shows the fields and the corresponding bit widths for the joint report of CRI , rank indication and
PTI feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B' with
K>1 and activatedResources>1. N is the value of higher layer parameter activatedResources.
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Table 5.2.3.3.2-4F: UCI fields for joint report of CRI and rank indication feedback for UE-selected
subband reports (transmission mode 9/10 configured with PMI/RI or without PMI reporting with 2/4
antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1
and activatedResources>1)

. Bit width Bit width
Field
2 antenna ports 4 antenna ports
Max 1 or 2 layers Max 4 layers Max 1 or 2 layers Max 4 layers
CRI
[log,(N) | [log,(N)] [log,(N) ] [log,(N)]
Rank indication 1 1 2 2

Table 5.2.3.3.2-4G: UCl fields for joint report of CRI, Rl and PTI (transmission mode 9/10 configured
with PMI/RI reporting with 8 antenna ports with higher layer parameter eMIMO-Type, and eMIMO-Type
is set to 'CLASS B' with K>1 and activatedResources>1, and transmission mode 9/10 configured with

PMI/RI reporting with 4 antenna ports with Class B CSl reporting with K>1 and with
activatedResources>1 and with alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
. 4 antenna ports 8 antenna ports

Field ax 1or2 Vo B
Max 1 or 2 layers Max 4 layers ax - or Max 4 layers ax

layers layers

CRI [log,(N) | [log,(N)] [log,(N)] [log,(N)| | [log,(N)]
Rank indication 1 2 1 2 3
Precoder type 1 1 1 1 1
indication

Table 5.2.3.3.2-4H shows the fields and the corresponding bit width for CRI feedback for UE-selected sub-band reports
for PDSCH transmissions associated with transmission mode 9/10 configured with 1 antenna port for each CSI-RS
resource reporting for Class B CSI reporting with K>1 and activatedResources>1. N is the value of higher layer
parameter activatedResources.

Table 5.2.3.3.2-4H: Fields for CRI feedback for transmission mode 9/10 configured with 1 antenna
port for each CSI-RS resource for Class B CSl reporting with K>1 and activatedResources>1)

) Bit width
FIEld =2 N=3andN=4
CRI 1 2

Table 5.2.3.3.1-4l shows the fields and the corresponding bit widths for the joint transmission of rank indication and i1
for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9/10 configured with
higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to 'CLASS A' with
8/12/16/20/24/28/32 antenna ports and eMIMO-Type2 is set to 'CLASS B', where rank indication and i1 are associated

with Class A. The parameters (S;,'S, ) inrank 1 and rank 2 are defined as (S,, S, ) = (1, 1) for CodebookConfig=1
and (S,,S,)= (2, 2) for CodebookConfig =2, 3 and 4. The parameters (S, S, ) in rank 3 and 4 are defined as

(S,,S,)=(1,1) for CodebookConfig=1, (S,, S, )= (% ,%) for CodebookConfig=2, (S,,S,)= (Ol : %) for

O
CodebookConfig=3, (S, S, )= [Ol : sz for CodebookConfig=4.
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Table 5.2.3.3.2-41: UClI fields for channel quality information feedback for report of i1 and rank
indication feedback (transmission mode 9/10 configured with higher layer parameter eMIMO-Type
and eMIMO-Type2, and eMIMO-Type is set to 'CLASS A" with codebook configuration (N,N,,Q,Q),

where il and rank indication are associated with Class A)

Bit width
Field Max 1 or 2 layers Max 4 or 8 layers
Rank =1 Rank =1 Rank =3
Wideband
first PMI [log,(N,0,/S))] [log,(N,0,/S))] Pog{Nglal X(2+P_53MJM
i1,1
Wideband
first F;Ml |7|092(N202/Sz )—| |V|ng(N202/SZ)—| |7|092(N202/Sz )—|
i1,
RI 0 1

The channel quality bitsin Table 5.2.3.3.2-1 through Table 5.2.3.3.2-3C-1 form the bit sequence ay, a,,a,,as,...,a51
with a, corresponding to the first bit of thefirst 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

of each field corresponds to MSB and the last bit LSB. The RI feedback for one bit is mapped according to Table
5.2.2.6-5with off replaced by a, . The Rl feedback for two bits is mapped according to Table 5.2.2.6-6 with of , o

replaced by a,,a, . The RI feedback for three bitsis mapped according to Table 5.2.2.6-7 with o , o , o} replaced
by &,,8,a, . The same procedures for RI mapping are applied to CRI, replacing Rl with CRI.

When multiplexed with UL-SCH, the channel coding and multiplexing for the transmission configurationsin Table
5.2.3.3.2-4, Table 5.2.3.3.2-4A, Table 5.2.3.3.2-4B, Table 5.2.3.3.2-4C, Table 5.2.3.3.2-4D, Table 5.2.3.3.2-4F, Table

5.2.3.3.2-4G and Table 5.2.3.3.2-4! is performed assuming RI transmission in subclause 5.2.2.6. All other transmission
configurations in this subclause are coded and multiplexed assuming CQI/PMI transmission in subclause 5.2.2.6.

For transmission mode 9/10 configured with Class B CSI reporting and K>1, the number of antennaport in Table
5.2.3.3.2-4C, 5.2.3.3.2-4D refers to the maximum number of antenna ports of K CSI-RS resources configured for the
CSl-process for the UE.

For transmission mode 9/10 configured with Class B CSl reporting and K>1, and with activatedResources>1, the
number of antenna portsin Table 5.2.3.3.2-4F and Table 5.2.3.3.2-4G refers to the maximum number of antenna ports
of N CSI-RS resources activated for the CSl-process for the UE.

5.2.34 Channel coding for UCI channel quality information and HARQ-ACK

This subclause defines the channel coding scheme for the simultaneous transmission of channel quality information and
HARQ-ACK information in a subframe.

When normal CP is used for uplink transmission, the channel quality information is coded according to subclause
5.2.3.3 with input bit sequence ag,a;,a5,as,...,ay_; and output bit sequence by, b;,b5,b3,...,bg_;, where B’=20. The
HARQ-ACK bits are denoted by aj in case one HARQ-ACK bhit or aj,a; in casetwo HARQ-ACK bits are reported

per subframe. Each positive acknowledgement (ACK) is encoded as a binary 1" and each negative acknowledgement
(NACK) isencoded asabinary '0'.

The output of this channel coding block for normal CP isdenoted by by,b;,b,,b;,...,bg_;, where
b =b/,i=0,.,B"-1

In case one HARQ-ACK bit is reported per subframe:
by =aj and B=(B'+1)

In case two HARQ-ACK hbits are reported per subframe:

by =aj,bg,, =a] and B=(B'+2)
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When extended CP is used for uplink transmission, the channel quality information and the HARQ-ACK bits are jointly
coded. The HARQ-ACK bits are denoted by ag in case one HARQ-ACK bit or [a5,a;] in case two HARQ-ACK bits

are reported per subframe.

The channel quality information denoted by ag,a;,a5,3a5,...,ay_; is multiplexed with the HARQ-ACK bitsto yield the
sequence ag,ay,ay, ag,...,as asfollows

a =a,i=0,.,A-1
and

ay =aj and A=(A"+1) in case one HARQ-ACK bit is reported per subframe, or
ay =aQ, 1) =a; and A=(A"+2) in casetwo HARQ-ACK bits are reported per subframe.

The sequence a,, 8, a,,as,...,a,_4 iSencoded according to subclause 5.2.3.3 to yield the output bit sequence
bo, bl' b2 y b3,..., bB—l Whel’e B = 20 .

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

- Channdl interleaver

5.24.1 Channel coding of control information

Control data arrives at the coding unit in the form of channel quality information (CQI and/or PMI), HARQ-ACK 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 HARQ-ACK bits or rank indicator bits, it shall determine the

number of coded symbols Q’ for HARQ-ACK or rank indicator as

PUSCH PUSCH  PUSCH
O-Mg ) Nsymb ) NS .\ PUSCH
L N g:

Q' =min b

OCQI -MIN
where

- O isthe number of HARQ-ACK bits as defined in subclause 5.2.2.6, or rank indicator bits,

- OCQI _min isthe number of CQI bitsincluding CRC bits assuming rank equalsto 1 for all serving cellsfor
which an aperiodic CSl report istriggered [3],

- N;ﬂb is4 for PUSCH with subframe duration, N;ﬂb is2 for PUSCH with dlot duration, or for Partial PUSCH

Mode 2 or 3. Ng,ﬂb is 1 for PUSCH with subslot duration,

- MY isthe scheduled bandwidth for PUSCH transmission in the current subframe/slot/subslot expressed as
anumber of subcarriersin[2], and

- N;‘fbc” is the number of SC-FDMA symbols in the current PUSCH transmission subframe/slot/subslot given
PUSCH UL PUSCH PUSCH
by Ns.ymb = (Nwmb - NSRS - Nstart - Nend )’ where

N;,';]b = (N;,';]b —1) for PUSCH with slot duration, or for Partial PUSCH Mode 2 or 3, or
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N;,';]b N;ﬁm — Npyrs for PUSCH with subglot duration,

- N;‘nﬂg‘“ is the number of SC-FDMA symbols of the subslot as defined in subclause 4.1 of [2],

Npwyrs i the number of SC-FDMA symbols for DMRS of the subslot as defined in subclause 5.5.2.1.2
of [2]

- otherwise Nme = 2(N§,';]b —1).
- Ngsisequatol

- if UEisconfigured to send PUSCH and SRS in the same subframe/slot/subslot for the current subframe,
or

- if the PUSCH resource alocation for the current subframe/slot/subslot even partialy overlaps with the
cell-specific SRS subframe and bandwidth configuration defined in subclause 5.5.3 of [2], and for
PUSCH with slot/subslot duration if the current slot/subslot isthe last dot/subslot in a subframe, or

- if the current subframe/dlot/subglot is within a UE-specific type-1 SRS subframe as defined in Subclause
8.2 of [3], and for PUSCH with dot/subslot duration if the current slot/subslot is the last slot/subslot in a
subframe, or

- if the current subframe/slot/subg ot is within a UE-specific type-0 SRS subframe as defined in subclause
8.2 of [3] and the UE is configured with multiple TAGs, and for PUSCH with slot/subslot duration if the
current dot/subslot isthe last slot/subslot in a subframe.

- Otherwise Ngqisequal to 0.
N;;J?C " is equal to 1 when the UE configured for uplink transmission on aLAA SCell isindicated to transmit

the PUSCH not starting from the beginning of the first symbol or the seventh symbol of the current subframe,
otherwiseisequal to 0.

Ne, PUSCH isequal to 1 when the UE configured for uplink transmission on aLAA SCell isindicated to transmit

the PUSCH up to the second to last symbol of the current subframe and N ¢ isequal to O, otherwiseis equal to
0.

For HARQ-ACK information Qo = Q,, - Q" and [ SIS = B -AcK / B 1. For UES configured with no

more than five DL cells, Be? "™ shall be determined according to [3] depending on the duration for the

corresponding PUSCH (subframe/slot/subslot), and the beta offset indicator in PDCCH/SPDCCH with DCI format 7-
0A/7-0B when the duration for the corresponding PUSCH is subslot. For UEs configured with more than five DL cells,

eRQ=ACK ghall be determined according to [3] depending on the number of HARQ-ACK feedback bits, the duration

for the corresponding PUSCH (subframe/dl ot/subsl ot),and the beta offset indicator in PDCCH/SPDCCH with DCI
format 7-0A/7-0B when the duration for the corresponding PUSCH is subslot.

For rank indication or CRI, Qg = Q.- Q", Qeg =Q,, - Q" and [ B = B2, / B2 ], where B, sh

be determined according to [3] depending on the duration for the corresponding PUSCH (subframe/slot/subslot), and
the beta offset indicator in PDCCH/SPDCCH with DCI format 7-0A/7-0B when the duration for the corresponding
PUSCH is subslot.

For CQI and/or PMI information QCQI = N;fﬁc” . MSPCUSCH Q, —Qq -

The channel coding and rate matching of the control datais performed according to subclause 5.2.2.6. The coded output
sequence for channel quality information isdenoted by q,,q,,0,,05,..., qQCQ. _,» the coded vector sequence output for
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HARQ-ACK isdenoted by q (’;CK . 1ACK .q ﬁCK ..... q A | and the coded vector sequence output for rank indication or

CRI, is denoted by g7’ ;" .0} -.q5, -

5.2.4.2 Control information mapping

,- Theoutput is

The input are the coded bits of the channel quality information denoted by q,,0;,d,,0s-.-, qQCQ
denoted by 90’91’92’93'""QH'-1’Where H =Q and H'=H/Q,,, andwheregi ,1=0,...,H =1 are column
vectors of length Q,,,. H isthe total number of coded bits allocated for CQI/PMI information.

The control information shall be mapped as follows:

Setj, ktoO
while | <Qco|

9, =[q; ---qj+Qm—1]T

j=i+Qn
k=k+1
end while
5.24.3 Channel interleaver
The vector sequences g, 9,9, 0, 90RI ,gf' ,95' ,...,gg',Rl ,and gg\CK ,quK ,QQCK ,...,9322(_1 are channel

interleaved according subclause 5.2.2.8. The bits after channel interleaving are denoted by hy,hy ,h,,....hy o ;.

5.3 Downlink transport channels and control information

If the UE is configured with a Master Cell Group (MCG) and Secondary Cell Group (SCG) [6], the procedures
described in this clause are applied to the MCG and SCG, respectively. When the procedures are applied to a SCG, the
term primary cell refersto the primary SCell (PSCell) of the SCG.

If the UE is configured with a PUCCH SCell [6], the procedures described in this clause are applied to the group of DL
cells associated with the primary cell and the group of DL cells associated with the PUCCH SCell, respectively. When
the procedures are applied to the group of DL cells associated with the PUCCH SCell, the term primary cell refersto
the PUCCH SCell.

If the UE is configured with a LAA SCell, the procedures described in this clause are applied assuming the LAA SCell
isan FDD SCaell.
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 amaximum of one transport block every transmission time interval (TTI) of 40ms, or 160ms for a MBM S-dedicated
cell. 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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Figure 5.3.1-1: Transport channel processing for BCH

5.3.1.1

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 atransport block delivered to layer
lbyay,a,,8,,8s,...,8,_4, and the parity bitsby py, p;, P2, P3,-.., P31 - Aisthe size of the transport block and set to

24 bitsand L isthe number of parity bits. The lowest order information bit ag is mapped to the most significant bit of
the transport block as defined in subclause 6.1.1 of [5].

The parity bits are computed and attached to the BCH transport block according to subclause 5.1.1 setting L to 16 bits.
After the attachment, the CRC bits are scrambled according to the eNodeB transmit antenna configuration with the
SequUENCE Xant 0s Xant 15+ Xant 15 aSindicated in Table 5.3.1.1-1 to form the sequence of bitscy, ¢, C,,C3,...,C_; Where

c=4a fork=0,1,2 ..., A1l

Ck = (Prea + Xankon)Jmod2  for k= A, A+1, A+2, ..., A+15.

Table 5.3.1.1-1: CRC mask for PBCH

Number of transmit antenna ports at eNodeB

PBCH CRC mask

< Xant,O! Xant,lv'" Xant 15 >
1 <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0>
2 <1,1,1,2,2,2,1,1,1,2,2,1,1,1,1,1>
4 <0,1,0,1,0,1,0,1,0,1,0,1,0,1,0, 1>

5.3.1.2

Channel coding

Information bits are delivered to the channel coding block. They are denoted by ¢,,¢;,C,,C5,...,Cx_; , Where K isthe
number of bits, and they are tail biting convolutionally encoded according to subclause 5.1.3.1.

After encoding the bits are denoted by d”,d",d{?,d",...,d{), , withi = 0,1, and 2, and where D is the number of bits

on thei-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®,d¥ d{ ..., dP , withi =01 and 2, and wherei is the coded stream index and D is the number of bitsin each
coded stream. This coded block is rate matched according to subclause 5.1.4.2.

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

5.3.2 Downlink shared channel, Paging channel and Multicast channel

Figure 5.3.2-1 shows the processing structure for each transport block for the DL-SCH, PCH and MCH transport
channels. 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 aDL cell:

- Add CRC to the transport block

- Code block segmentation and code block CRC attachment
- Channel coding

- Rate matching

- Code block concatenation

The coding steps for PCH and MCH transport channels, and 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.

ao,al,...,aA71 i

Transport block
CRC attachment

bo.bybgs |

Code block segmentation
Code block CRC attachment

Cr0rCrase s Gr(k, -1) v

Channel coding

30 |

Rate matching

€0 &1 C(E) 3

Code block
concatenation

for frpe foa i

Figure 5.3.2-1: Transport block processing for DL-SCH, PCH and MCH

ETSI



3GPP TS 36.212 version 15.2.1 Release 15 175 ETSI TS 136 212 V15.2.1 (2018-07)

53.2.1 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 bitsin a transport block delivered to layer
lbyag,a,a,,a;s,...,a, 4, and the parity bitsby py, p;, P2, P3..-., PL_1- Aisthe size of the transport block and L is the

number of parity bits. The lowest order information bit ag is mapped to the most significant bit of the transport block as
defined in subclause 6.1.1 of [5].

The parity bits are computed and attached to the transport block according to subclause 5.1.1 setting L to 24 bitsand
using the generator polynomial gcreoaa(D).

5.3.2.2 Code block segmentation and code block CRC attachment

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

Code block segmentation and code block CRC attachment are performed according to subclause 5.1.2.

The bits after code block segmentation are denoted by ¢, o, C;1,C,, Cr3,--s Cr(k, -1) » Wherer isthe code block number
and K; isthe 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 ¢, C,1,C,, Crg,.s Cr(k, 1) » Wherer isthe
code block number, and K; is the number of bitsin code block number r. The total number of code blocksis denoted by
C and each code block isindividually turbo encoded according to subclause 5.1.3.2.

After encoding the bits are denoted by d 7, d,d2,d 3., d {, _;), withi =01 and 2, and where D; isthe number of

bits on the i-th coded stream for code block number r,i.e. D, =K, +4.

5.3.2.4 Rate matching

Turbo coded blocks are delivered to the rate matching block. They are denoted by d 7, df,d3,d3....d{{, ;). with

i =01 and 2, and wherer isthe code block number, i isthe coded streamindex, and D, isthe number of bitsin 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 subclause 5.1.4.1.

After rate matching, the bits are denoted by €., €1,€5,€ 3, & (g, 1), Wherer isthe coded block number, and where

E, isthe number of rate matched bits for code block number r.

5.3.25 Code block concatenation

The bitsinput to the code block concatenation block are denoted by €,¢,€,1,€,2,€ 3, & g, for r =0,..,C-1 and
where E, isthe number of rate matched bits for the r-th code block.

Code block concatenation is performed according to subclause 5.1.5.

The bits after code block concatenation are denoted by fy, i, 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 subclause 6.3.1 of [2]. In case of multiple transport blocks per TTI, the transport block to
codeword mapping is specified according to subclause 5.3.3.1.5, 5.3.3.1.5A or 5.3.3.1.5B, depending on the DCI
Format.
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5.3.3 Downlink control information

A DCI transports downlink, uplink or sidelink scheduling information, requests for aperiodic CQI reports, LAA
common information, notifications of MCCH change [6] or uplink power control commands for one cell and one RNTI.
The RNTI isimplicitly encoded in the CRC.

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.

a9, 8y, Ap_y i

CRC attachment

CO’QL""’CKfl v

Channel coding

00,40,..d9, |

Rate matching

€88 i
Figure 5.3.3-1: Processing for one DCI

5.3.3.1 DCI formats
The fields defined in the DCI formats below are mapped to the information bits ag to aa.1 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 ap 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 ao.

5.3.3.11 Format O
DCI format 0 is used for the scheduling of PUSCH in one UL cell.
The following information is transmitted by means of the DCI format O:
- Carrier indicator — 0 or 3 bits. Thisfield is present according to the definitionsin [3].
- Flag for formatO/format1A differentiation — 1 bit, where value O indicates format 0 and value 1 indicates format 1A

- Frequency hopping flag — 1 bit as defined in subclause 8.4 of [3]. Thisfield is used asthe MSB of the
corresponding resource alocation field for resource allocation type 1.
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- Resource block assignment and hopping resource allocation — ﬁog »(Ngs (NRS +1)/ 2)-‘ bits

- For PUSCH hopping (resource alocation type 0 only):

- NuL_nop MSB bits are used to obtain the value of Npgg (i) asindicated in subclause 8.4 of [3]

- (ﬁogz(Ngé (Nas +1)/2)-‘ - NUL_hop) bits provide the resource allocation of the first slot in the UL
subframe

- For non-hopping PUSCH with resource allocation type O:

- (ﬁogz(Ngg (Nps +1)/ 2)-‘ ) bits provide the resource allocation in the UL subframe as defined in
subclause 8.1.1 of [3]
- For non-hopping PUSCH with resource allocation type 1:

- The concatenation of the frequency hopping flag field and the resource block assignment and hopping
resource alocation field provides the resource alocation field in the UL subframe as defined in subclause
8.1.2 of [3]

- Modulation and coding scheme and redundancy version — 5 bits as defined in subclause 8.6 of [3]
- New data indicator — 1 bit

- HARQ process number — 4 bitsif higher layer parameter ul-TTI-Length is configured for the cell, otherwise 3 bits
(thisfield is present when higher layer parameter shortProcessingTime is configured for the cell and the
corresponding DCI is mapped onto the UE specific search space given by the C-RNTI as defined in [3])

- Redundancy version — 2 bits (thisfield is present when higher layer parameter shortProcessingTime is configured
for the cell and the corresponding DCI is mapped onto the UE specific search space given by the C-RNTI as
defined in [3])

- TPC command for scheduled PUSCH — 2 bits as defined in subclause 5.1.1.1 of [3]

- Cyclic shift for DM RS and OCC index and IFDMA configuration — 3 bits as defined in subclause 5.5.2.1.1 of [2]
(thisfield is not present when the format 0 CRC is scrambled by UL-SPS-V-RNTI)

- UL SPS configuration index — 3 bits as defined in subclause 9.2.1 of [3]. (thisfield is present when the format O
CRCisscrambled by UL-SPS-V-RNTI)

- UL index — 2 bits as defined in subclauses 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (thisfield is present only for TDD
operation with uplink-downlink configuration 0, or TDD operation with uplink-downlink configuration 6 and
specia subframe configuration 10 when the higher layer parameter symPUSCH-UpPts or shortProcessingTime
is configured for the cell and the corresponding DCI is mapped onto the UE specific search space given by the
C-RNTI asdefined in [3])

- Downlink Assignment Index (DAI) — 2 bits as defined in subclause 7.3 of [3] (thisfield is present only for the
following cases: 1) TDD primary cell and either TDD operation with uplink-downlink configurations 1-6 or
FDD operation; or 2) EN-DC with FDD primary cell and higher layer parameter subframeAssignment-r15
configured and the corresponding DCI is mapped onto the UE specific search space given by the C-RNTI as
defined in [3])

- CSl request — 1, 2, 3, 4 or 5 bits as defined in subclause 7.2.1 of [3].

If UEs are not configured with CSI-RS-ConfigNZPAperiodic or if UEs are configured with CSI-RS-
ConfigNZPA periodic and numberActivatedA periodicCSI-RS-Resources=1 for each CS| process,

the 2-bit field applies to UEs configured with no more than five DL cells and to

- UEsthat are configured with more than one DL cell and when the corresponding DCI format is mapped
onto the UE specific search space given by the C-RNTI as defined in [3];
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- UEsthat are configured by higher layers with more than one CSI process and when the corresponding
DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

- UEsthat are configured with two CSl measurement sets by higher layers with the parameter csi-
MeasSubframeSet, and when the corresponding DCI format is mapped onto the UE specific search space
given by the C-RNTI as defined in [3];

the 3-bit field appliesto UEs that are configured with more than five DL cells and when the corresponding
DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

otherwise the 1-bit field applies

If UEs are configured with CSI-RS-ConfigNZPA periodic and numberA ctivatedAperiodi cCSI-RS-Resources>1
for at least one CSI process,

the 4-hit field applies to UEs configured with no more than five DL cells and to

- UEsthat are configured with more than one DL cell and when the corresponding DCI format is mapped
onto the UE specific search space given by the C-RNTI asdefined in [3];

- UEsthat are configured by higher layers with more than one CSI process and when the corresponding
DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

- UEsthat are configured with two CSl measurement sets by higher layers with the parameter csi-
MeasSubframeSet, and when the corresponding DCI format is mapped onto the UE specific search space
given by the C-RNTI as defined in [3];

the 5-bit field applies to UEs that are configured with more than five DL cells and when the corresponding
DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

otherwise the 3-hit field applies.

- SRS reguest — 0 or 1 bit. Thisfield can only be present in DCI formats scheduling PUSCH which are mapped onto
the UE specific search space given by the C-RNTI as defined in [3]. The interpretation of thisfield is provided in
subclause 8.2 of [3]

- Resource allocation type — 1 bit. Thisfield isonly present if Ngg < NRg . Theinterpretation of thisfield is
provided in subclause 8.1 of [3]

- Cyclic Shift Field mapping table for DMRS — 1 bit as defined in subclause 5.5.2.1.1 of [2]. The 1-bit field applies
to UEs that are configured with higher layer parameter UL-DMRS-IFDMA, and when the corresponding DCI
format is mapped onto the UE-specific search space given by the C-RNTI as defined in [3]. When the format O
CRC is scrambled by SPS C-RNTI, thisfield is set to zero.

If the number of information bitsin format O mapped onto a given search space is less than the payload size of format
1A for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended
to format 1A), zeros shall be appended to format O until the payload size equals that of format 1A.

5.3.3.1.1A Format OA

DCI format OA is used for the scheduling of PUSCH in a LAA SCell, or activating/releasing AUL transmission as
defined in [3], or indicating AUL downlink feedback information (AUL-DFI) to a UE that is activated with AUL
transmission.

The following information is transmitted by means of the DCI format OA:
- Carrier indicator — 0 or 3 bits. Thisfield is present according to the definitionsin [3].
If the format OA DCI is scrambled by C-RNTI

- Flag for formatOA/format1A differentiation — 1 bit, where value O indicates format OA and value 1 indicates
format 1A;

Else
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Flag for AUL differentiation — 1 bit, where value O indicates activating/releasing AUL transmission and value 1
indicates AUL-DFI.

If the format OA is used for the scheduling of PUSCH inaLAA SCell or activating/releasing AUL transmission for a
UE, all the remaining fields are set as follows:

PUSCH trigger A — 1 bit, where value 0 indicates non-triggered scheduling and value 1 indicates triggered
scheduling as defined in subclause 8.0 of [3].

Timing offset — 4 bits as defined in subclause 8.0 of [3].
- When the PUSCH trigger A issetto O,

- Thefield indicates the absolute timing offset for the PUSCH transmission.
- Otherwise,

- Thefirst two bits of the field indicate the timing offset, relative to the UL offset | as defined in clause 13A
of [3], for the PUSCH transmission.

- Thelast two bits of the field indicate the time window within which the scheduling of PUSCH via
triggered scheduling is valid.

Resource block assignment — 5 or 6 bits provide the resource allocation in the UL subframe as defined in
subclause 8.1.4 of [3]

Modulation and coding scheme — 5 bits as defined in subclause 8.6 of [3]

HARQ process number — 4 bits.

New data indicator — 1 bit

Redundancy version — 2 bits as defined in subclause 8.6.1 of [3]

TPC command for scheduled PUSCH — 2 hits as defined in subclause 5.1.1.1 of [3]
Cyclic shift for DM RS and OCC index — 3 bits as defined in subclause 5.5.2.1.1 of [2]

CSl request — 1, 2 or 3 bits as defined in subclause 7.2.1 of [3]. The 2-bit field applies to UEs configured with no
more than five DL cellsand to

- UEsthat are configured with more than one DL cell and when the corresponding DCI format is mapped onto
the UE specific search space given by the C-RNTI asdefined in [3];

- UEsthat are configured by higher layers with more than one CSI process and when the corresponding DCI
format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

- UEsthat are configured with two CSI measurement sets by higher layers with the parameter csi-
MeasSubframeSet, and when the corresponding DCI format is mapped onto the UE specific search space
given by the C-RNTI as defined in [3];

the 3-bit field appliesto UEs that are configured with more than five DL cells and when the corresponding DCI
format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

otherwise the 1-bit field applies
SRS request — 1 bit. The interpretation of thisfield is provided in subclause 8.2 of [3]

Partial PUSCH Mode — 2 bits as specified in Table 5.3.3.1.1A-3. Thisfield is only present when
partial PUSCHmode is configured by higher layer.

PUSCH starting position — 2 bits
- asgpecified in Table 5.3.3.1.1A-2 if the 'Partial PUSCH Mode' field indicates Partial PUSCH Maode 2;

- asgpecified in Table 5.3.3.1.1A-1 otherwise.
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- PUSCH ending symbol — 1 bit, where

- if the'Partial PUSCH Mode' field indicates Partial PUSCH Mode 3, value 0 indicates symbol 6 of the
subframe, and value 1 indicates symbol 3 of the subframe.

- otherwise value 0 indicates the last symbol of the subframe and value 1 indicates the second to last symbol of
the subframe.

- Channel Accesstype— 1 bit as defined in subclause 4.2 of [8]
- Channel Access Priority Class — 2 bits as defined in subclause 4.2 of [8]

If the format OA is used for indicating AUL-DFI to a UE that is activated with AUL transmission, all the remaining
fields are set asfollows:

- HARQ-ACK bitmap — 16 hits.
- TPC command — 2 bits as defined in subclause 5.1.1.1 of [3].
- All theremaining bitsin format OA are set to zero.

If the number of information bitsin format OA mapped onto a given search space is less than the payload size of format
1A for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended
to format 1A), zeros shall be appended to format OA until the payload size equal s that of format 1A.

Table 5.3.3.1.1A-1: PUSCH starting position

Value | PUSCH starting position
00 symbol 0
01 25ps in symbol 0
10 (25+TA) ps in symbol 0
11 symbol 1

Table 5.3.3.1.1A-2: PUSCH starting position in the second slot

Value | PUSCH starting position
00 symbol 7
01 25ps in symbol 7
10 (25+TA) ps in symbol 7
11 symbol 8

Table 5.3.3.1.1A-3: Partial PUSCH Mode

Value | Partial PUSCH Mode Starting position Ending symbol

00 Partial PUSCH Mode 0 | Indicated by 'PUSCH starting position' The last symbol of the subframe or the
according to Table 5.3.3.1.1A-1 second to last symbol of the subframe

01 Partial PUSCH Mode 1 | Indicated by 'PUSCH starting position’ The last symbol of the subframe or the
or at symbol 7, based on the result of second to last symbol of the subframe
the channel access procedure in 4.2.1
defined in [8]

10 Partial PUSCH Mode 2 | Indicated by 'PUSCH starting position' The last symbol of the subframe or the
according to Table 5.3.3.1.1A-2 second to last symbol of the subframe

11 Partial PUSCH Mode 3 | Indicated by 'PUSCH starting position' Symbol 3 of the subframe or symbol 6
according to Table 5.3.3.1.1A-1 of the subframe

5.3.3.1.1B Format OB

DCI format OB is used for the scheduling of PUSCH in each of multiple subframesin a LAA SCell.
The following information is transmitted by means of the DCI format OB:

- Carrier indicator — 0 or 3 bits. Thisfield is present according to the definitionsin [3].
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- PUSCH trigger A — 1 hit, where value 0 indicates non-triggered scheduling and value 1 indicates triggered
scheduling as defined in subclause 8.0 of [3].
- Timing offset — 4 hits as defined in subclause 8.0 of [3].
- When the PUSCH trigger A isset to 0,
- Thefield indicates the absolute timing offset for the PUSCH transmission.
- Otherwise,

- Thefirst two bits of the field indicate the timing offset, relative to the UL offset | as described in clause
13A of [3], for the PUSCH transmission.

- Thelast two bits of the field indicate the time window within which the scheduling of PUSCH via
triggered scheduling is valid.

- Number of scheduled subframes— 1 or 2 bits. The 1-bit field applies when maxNumber Of SchedSubframes-
FormatOB-r14 is configured by higher layers to two, otherwise the 2-bit field applies.

- Resource block assignment — 5 or 6 bits provide the resource allocation in the UL subframe as defined in
subclause 8.1.4 of [3].

- Modulation and coding scheme — 5 hits as defined in subclause 8.6 of [3].

- HARQ process number - 4 bits. The 4-bit appliesto the first scheduled subframe, and the HARQ process
numbers for other scheduled subframes are defined in subclause 8.0 of [3].

- New dataindicator — maxNumber Of SchedSubframes-Format0B-r 14 bits. Each scheduled PUSCH corresponds to
1 bit.

- Redundancy version — maxNumber Of SchedSubframes-FormatOB-r 14 hits. Each scheduled PUSCH corresponds
to 1 bit asdefined in subclause 8.6.1 of [3].

- TPC command for scheduled PUSCH — 2 bits as defined in subclause 5.1.1.1 of [3].
- Cyclic shift for DM RS and OCC index — 3 bits as defined in subclause 5.5.2.1.1 of [2].

- CSl request — 1, 2 or 3 bits as defined in subclause 7.2.1 of [3]. The 2-hit field applies to UEs configured with no
more than five DL cells and to

- UEsthat are configured with more than one DL cell and when the corresponding DCI format is mapped onto
the UE specific search space given by the C-RNTI as defined in [3];

- UEsthat are configured by higher layers with more than one CSI process and when the corresponding DCI
format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

- UEsthat are configured with two CSI measurement sets by higher layers with the parameter csi-
MeasSubframeSet, and when the corresponding DCI format is mapped onto the UE specific search space
given by the C-RNTI as defined in [3];

the 3-bit field appliesto UEs that are configured with more than five DL cells and when the corresponding DCI
format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

otherwise the 1-bit field applies.
- SRSrequest — 2 bits. The interpretation of thisfield is provided in subclause 8.2 of [3].

- Partial PUSCH Mode 1 — 1 bit only present if partial PUSCHmodel is configured by higher layer, and applicable
to each of the scheduled subframe(s), except for the first scheduled subframe in case the 'Partial PUSCH Mode 2'
field isvalue 1 and the last scheduled subframe in case the 'Partial PUSCH Mode 3' field isvalue 1, where

- value 0 indicates the starting position of the PUSCH is determined following Partial PUSCH Mode 0 as
defined in Table 5.3.3.1.1A-3;

- vaue 1 indicates the starting position of the PUSCH of the first transmitted subframe is determined following
Partial PUSCH Mode 1 as defined in Table 5.3.3.1.1A-3.
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Partial PUSCH Mode 2 — 1 bit. Thisfield is only present if partial PUSCHmode2 is configured by higher layer,
and applicable to only the first scheduled subframe.

Partial PUSCH Mode 3 — 1 hit. Thisfield isonly present if partial PUSCHmode3 is configured by higher layer,
and applicable to only the last scheduled subframe.

PUSCH starting position — 2 bits

- asgpecified in Table 5.3.3.1.1A-2 applicable to only the first scheduled subframe, if the 'Partial PUSCH
Mode 2' field isvalue 1;

- asgpecifiedin Table 5.3.3.1.1A-1 applicable to only the first scheduled subframe otherwise.
PUSCH ending symbol — 1 bit, where

- if the'Partial PUSCH Mode 3' field is value 1, value O indicates symbol 6 of the last scheduled subframe, and
value 1 indicates symbol 3 of the last scheduled subframe;

- otherwise value 0 indicates the last symbol of the last scheduled subframe and value 1 indicates the second to
last symbol of the last scheduled subframe.

Channel Accesstype— 1 bit as defined in subclause 4.2 of [8].
Channel Access Priority Class— 2 bits as defined in subclause 4.2 of [8].

If the number of information bitsin format OB is equal to the payload size for DCI format 1, 2, 2A, 2B, 2C or 2D
associated with the configured DL transmission mode in the same serving cell, one zero hit shall be appended to format

0B.

5.3.3.1.1C Format OC

DCI format OC is used for the scheduling of PUSCH in one UL cell.

The following information is transmitted by means of the DCI format OC:

Flag for format OC/format1A differentiation — 1 bit, where value 0 indicates format OC and value 1 indicates
format 1A

Resource allocation type — 1 bit. Thisfield isonly present if N < N3 . Theinterpretation of thisfield is
provided in subclause 8.1 of [3]

Fregquency hopping flag — 1 bit as defined in subclause 5.3.4 of [2]. Thisfield is used asthe MSB of the
corresponding resource allocation field for resource allocation type 1.

Resource block assignment — (I 09, (Ngs (Ngs +1)/ 2)-‘ bits
- For PUSCH with resource allocation type O:

- ﬁogz(Ngg (Nps +1)/2)-‘ bits provide the resource alocation in the UL subframe as defined in
subclause 8.1.1 of [3]

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

- The concatenation of the frequency hopping flag field and the resource block assignment field provides
the resource allocation field in the UL subframe as defined in subclause 8.1.2 of [3]

Modulation and coding scheme — 5 bits as defined in subclause 8.6 of [3]
Repetition number — 3 bits as defined in subclause 8.0 of [3]

HARQ process number — 3 bits

New data indicator — 1 bit

Redundancy version — 2 bits
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TPC command for scheduled PUSCH — 2 bits as defined in subclause 5.1.1.1 of [3]
Cyclic shift for DM RS and OCC index — 3 bits as defined in subclause 5.5.2.1.1 of [2]

UL index — 2 bits as defined in subclauses 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (thisfield is present only for TDD
operation with uplink-downlink configuration 0)

Downlink Assignment Index (DAI) — 2 bits as defined in subclause 7.3 of [3] (Thisfield is present only for the
following cases: 1) TDD primary cell and either TDD operation with uplink-downlink configurations 1-6 or
FDD operation; or 2) EN-DC with FDD primary cell and higher layer parameter subframeAssignment-r15
configured)

CSl request — 1, 2 or 3 hits as defined in subclause 7.2.1 of [3]. The 2-bit field applies to UEs configured with no
more than five DL cells and to

- UEsthat are configured with more than one DL cell and when the corresponding DCI format is mapped onto
the UE specific search space given by the C-RNTI as defined in [3];

- UEsthat are configured by higher layers with more than one CSI process and when the corresponding DCI
format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

- UEsthat are configured with two CSl measurement sets by higher layers with the parameter csi-
MeasSubframeSet, and when the corresponding DCI format is mapped onto the UE specific search space
given by the C-RNTI as defined in [3];

the 3-bit field applies to UEs that are configured with more than five DL cells and when the corresponding DCI

format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

otherwise the 1-bit field applies

SRS request —1 hit. Theinterpretation of thisfield is provided in subclause 8.2 of [3]
Modulation order override — 1 bit as defined in subclause 8.6.1 of [3]

Precoding information: number of bits as specified in Table 5.3.3.1.8-1. Thisfield is present only if the higher
layer parameter transmissionModeUL is configured to be transmission mode 2. Bit field as shown in Table
5.3.3.1.8-2 and Table 5.3.3.1.8-3, where only codeword 0 is enabled and the indexes corresponding to 1 layer are
used. Note that TPMI for 2 antenna ports indicates which codebook index isto be used in Table 5.3.3A.2-1 of
[2], and TPMI for 4 antenna ports indicates which codebook index isto be used in Table 5.3.3A.2-2, Table
5.3.3A.2-3, Table 5.3.3A.2-4 and Table 5.3.3A.2-5 of [2]. The transport block is mapped to codeword 0.

If the number of information bitsin format OC mapped onto a given search space is less than the payload size of format
1A for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended
to format 1A), zeros shall be appended to format OC until the payload size equal s that of format 1A.

5.3.3.1.2 Format 1

DCI format 1 is used for the scheduling of one PDSCH codeword in one cell.

The following information is transmitted by means of the DCI format 1:

- Carrier indicator — 0 or 3 bits. Thisfield is present according to the definitionsin [3].

- Resource allocation header (resource allocation type 0/ type 1) — 1 bit as defined in subclause 7.1.6 of [3]

If downlink bandwidth is less than or equal to 10 PRBS, there is no resource allocation header and resource
alocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 as defined in subclause 7.1.6.1 of [3]:

- (N rs ! P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined in subclause 7.1.6.2 of [3]:
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- [log,(P)] bits of this field are used as a header specific to this resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

- (( N5 / P-‘— [log, (P)-\—l) bits provide the resource alocation

where the value of P depends on the number of DL resource blocks as indicated in subclause 7.1.6.1 of [3]

- Modulation and coding scheme — 5 bitsif higher layer parameter altMCS-Table is not configured, 6 bits otherwise,
asdefined in subclause 7.1.7 of [3]

- HARQ process number — 4 bitsif higher layer parameter dI-TTI-Length is configured for the cell, otherwise 3 hits
(for cases with FDD primary cell not configured with EN-DC and higher layer parameter subframeAssignment-
r15), 4 bits (for cases with TDD primary cell, or for cases with EN-DC with FDD primary cell and higher layer
parameter subframeAssignment-r15 configured)

- New data indicator — 1 bit

- Redundancy version — 2 bits

- TPC command for PUCCH — 2 bits as defined in subclause 5.1.2.1 of [3]

- Downlink Assignment Index —number of bits as specified in Table 5.3.3.1.2-2.

- HARQ-ACK resource offset (thisfield is present when this format is carried by EPDCCH. Thisfield is not present
when thisformat is carried by PDCCH) — 2 bits as defined in subclause 10.1 of [3]. The 2 bits are set to 0 when
thisformat is carried by EPDCCH on a secondary cell, or when thisformat is carried by EPDCCH on the
primary cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-
ACK feedback.

- MUST interference presence and power ratio — 0 or 2 bits as defined in subclause 6.3.3 of [2]. Thisfield is present
only when the UE is configured for MUST-near operation and the number of antenna ports for CRS transmission
in the serving cell is 2.

- Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping — 2 bits as defined in subclauses 7.1.9
and 7.2.7 of [3]. Thisfield is present only when the UE is configured with CS-RS-ConfigZPAperiodic.

If the UE is not configured to decode PDCCH or EPDCCH with CRC scrambled by the C-RNTI and the number of
information bitsin format 1 is equal to that for format 0/1A, one bit of value zero shall be appended to format 1.

If the UE is configured to decode PDCCH or EPDCCH with CRC scrambled by the C-RNTI and the number of
information bitsin format 1 is equal to that for format 0/1A for scheduling the same serving cell and mapped onto the
UE specific search space given by the C-RNTI as defined in [3], one bit of value zero shall be appended to format 1.

If the number of information bitsin format 1 carried by PDCCH belongsto one of the sizesin Table 5.3.3.1.2-1, one or
more zero bit(s) shall be appended to format 1 until the payload size of format 1 does not belong to one of the sizesin
Table 5.3.3.1.2-1 and is not equal to that of format 0/1A mapped onto the same search space.

Table 5.3.3.1.2-1: Ambiguous Sizes of Information Bits

| {12, 14, 16 ,20, 24, 26, 32, 40, 44, 56} |
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Table 5.3.3.1.2-2: Number of bits for Downlink Assignment Index

Number
of bits
4 For UEs configured by higher layers with codebooksizeDetermination-r13 = dai and when a DCI
format 1/1A/1B/1D/2/2A/2B/2C/2D/6-1A scheduling PDSCH is mapped onto the UE specific
search space given by the C-RNTI as defined in [3], or UEs configured by higher layers with
codebooksizeDeterminationSTTI = dai and when a DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-
1G scheduling PDSCH is mapped onto the UE specific search space given by the C-RNTI as
defined in [3], the 4-bit DAI consists of a 2-bit counter DAI and a 2-bit total DAI.
- Counter DAI — 2 bits as defined in subclause 7.3 of [3]
- Total DAI — 2 bits as defined in subclause 7.3 of [3]
2 For UEs not configured with codebooksizeDetermination-r13 = dai and
codebooksizeDeterminationSTTI-r15=dai, or for UEs configured by higher layers with
codebooksizeDetermination-rl3 = dai and when a DCI format scheduling PDSCH is not mapped
onto the UE specific search space given by the C-RNTI as defined in [3], this field is present for
FDD or TDD operation, for cases with TDD primary cell.
If the UL/DL configuration of all TDD serving cells is same and the UE is not configured to decode
PDCCH with CRC scrambled by eimta-RNTI, then this field only applies to serving cell with UL/DL
configuration 1-6.
If at least two TDD serving cells have different UL/DL configurations or the UE is configured to
decode PDCCH with CRC scrambled by eimta-RNT]I, then this field applies to a serving cell with
DL-reference UL/DL configuration 1-6 as defined in subclause 10.2 of [3].
For UEs configured with EN-DC with FDD primary cell and higher layer parameter
subframeAssignment-r15 and a DCI format scheduling PDSCH is mapped onto the UE specific
search space given by the C-RNTI as defined in [3], this field is present.
0 For UEs not configured with codebooksizeDetermination-r13 = dai and
codebooksizeDeterminationSTTI-r15=dai and not configured with EN-DC and higher layer
parameter subframeAssignment-r15, or for UEs configured by higher layers with
codebooksizeDetermination-rl3 = dai and when a DCI format scheduling PDSCH is not mapped
onto the UE specific search space given by the C-RNTI as defined in [3], this field is not present
for FDD or TDD operation, for cases with FDD primary cell.
For UEs configured with EN-DC with FDD primary cell and higher layer parameter
subframeAssignment-rl5 and a DCI format scheduling PDSCH is not mapped onto the UE
specific search space given by the C-RNTI as defined in [3], this field is not present.

5.3.3.1.3 Format 1A

DCI format 1A isused for the compact scheduling of one PDSCH codeword in one cell and random access procedure
initiated by a PDCCH order. The DCI corresponding to a PDCCH order can be carried by PDCCH or EPDCCH.

The following information is transmitted by means of the DCI format 1A:
- Carrier indicator — 0 or 3 bits. Thisfield is present according to the definitionsin [3].

- Flag for formatO/format1A differentiation or flag for formatOA/format1A differentiation — 1 bit, where value O
indicates format O or format OA and value 1 indicates format 1A

Format 1A isused for random access procedure initiated by a PDCCH order only if format 1A CRC is scrambled
with C-RNTI and all the remaining fields are set as follows:

- Localized/Distributed VRB assignment flag — 1 bit is set to '0’

- Resource block assignment — ﬂogz(Ngé(Ngg +1)/2)-‘ bits, where all bits shall be set to 1

- Preamble Index — 6 bits
- PRACH Mask Index — 4 hits, [5]

- All the remaining bitsin format 1A for compact scheduling assignment of one PDSCH codeword are set to
zero

Otherwise,

- Localized/Distributed VRB assignment flag — 1 bit as defined in 7.1.6.3 of [3]
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- Resource block assignment — (IogZ(NFE’é' (NRs +1)/2)-‘ bits as defined in subclause 7.1.6.3 of [3]:
- For localized VRB:
(I 0g, (N~ (N5 +2)/ 2)—‘ bits provide the resource allocation

- For distributed VRB:

-1f N2 <50 orif the format 1A CRC is scrambled by RA-RNTI, P-RNTI, SI-RNTI, SC-RNTI or G-

RNTI:
- (Iogz(NF'ﬁBL (NS +1)/ 2)—‘ bits provide the resource allocation
- Else
- 1 bit, the MSB indicates the gap value, where value O indicates N g, = N, and value 1 indicates
Ngp = Ngap.2

- (ﬂogz(N%(N% +1)/ 2)—‘ —1) bits provide the resource allocation,
where N, is defined in [2].

- Modulation and coding scheme — 5bits as defined in subclause 7.1.7 of [3]. The MSB is set to O when the UE is
configured with blindSubframePD SCH-Repetitions set to TRUE and the corresponding DCI is mapped onto the
UE specific search space given by the C-RNTI as defined in [3] and the repetition number is greater than 1 and
the higher layer parameter MCS-restrictionSubframePD SCH-Repetitionsis configured to 1.

- HARQ process number — 4 bitsif higher layer parameter dI-TTI-Length is configured for the cell and the
corresponding DCI is mapped onto the UE specific search space given by the C-RNTI asdefined in [3],
otherwise 3 bits (for cases with FDD primary cell not configured with EN-DC and higher layer parameter
subframeAssignment-r 15, or for cases with EN-DC with FDD primary cell and higher layer parameter
subframeAssignment-r 15 configured and the corresponding DCI is hot mapped onto the UE specific search space
given by the C-RNTI as defined in [3]), 4 bits (for cases with TDD primary cell, or for cases with EN-DC with
FDD primary cell and higher layer parameter subframeAssignment-r15 configured and the corresponding DCI is
mapped onto the UE specific search space given by the C-RNTI as defined in [3])

- New dataindicator — 1 bit
- If theformat 1A CRC is scrambled by RA-RNTI, P-RNTI, SI-RNTI, SC-RNTI or G-RNTI:

- If N2 >50 and Localized/Distributed VRB assignment flag is set to 1

- thenew dataindicator bit indicates the gap value, where value O indicates N, = N, andvaluel
indicates Ny = Nggpo -
- Elsethe new dataindicator bit is reserved.
- Else
- The new dataindicator bit as defined in [5]
- Redundancy version — 2 bits
- TPC command for PUCCH — 2 bits as defined in subclause 5.1.2.1 of [3]
- If theformat 1A CRC isscrambled by RA-RNTI, P-RNTI, or SI-RNTI:

- Themost significant bit of the TPC command is reserved.

- Theleast significant bit of the TPC command indicates column N4z of the TBS table defined of [3].
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- If least significant bit isO then Njsg =2 elseNpRg = 3.

- Else

- Thetwo bitsincluding the most significant bit indicates the TPC command
- Downlink Assignment Index — number of bits as specified in Table 5.3.3.1.2-2.

- SRSrequest— 0 or 1 bit. Thisfield can only be present in DCI formats scheduling PDSCH which are mapped
onto the UE specific search space given by the C-RNTI as defined in [3]. Theinterpretation of thisfield is
provided in subclause 8.2 of [3]. Thisfield is not present when the DCI is used for scheduling PDSCH inaLAA
SCell.

- HARQ-ACK resource offset (this field is present when this format is carried by EPDCCH. Thisfield is not
present when this format is carried by PDCCH) — 2 bits as defined in subclause 10.1 of [3]. The 2 bitsare setto 0
when thisformat is carried by EPDCCH on a secondary cell, or when thisformat is carried by EPDCCH on the
primary cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-
ACK feedback.

- SRStiming offset — 3 bits as defined in [3]. Thisfield is present only when the DCI format is used for scheduling
PDSCH inaLAA SCell and the UE is configured with uplink transmission on the LAA Scell.

- Repetition number — 2 bits as defined in Table 5.3.3.1.17-1, where the number of transmissions for PDSCH is
given by higher layer parameter maximumNumber PDSCH-SubframePD SCH-Repetitions for the value of '11'.
Thisfield is present only when the UE is configured with higher layer parameter blindSubframePDSCH-
Repetitions set to TRUE and the corresponding DCI is mapped onto the UE specific search space given by the C-
RNTI asdefinedin [3].

If the UE is not configured to decode PDCCH or EPDCCH with CRC scrambled by the C-RNTI, and the number of
information bitsin format 1A islessthan that of format O, zeros shall be appended to format 1A until the payload size
equalsthat of format 0.

If the UE is configured to decode PDCCH or EPDCCH with CRC scrambled by the C-RNTI and the number of
information bitsin format 1A mapped onto a given search space is less than that of format O for scheduling the same
serving cell and mapped onto the same search space, zeros shall be appended to format 1A until the payload size equals
that of format O, except when format 1A assigns downlink resource on a secondary cell without an uplink configuration
associated with the secondary cell.

If the UE is configured to decode PDCCH or EPDCCH with CRC scrambled by the C-RNTI and the number of
information bitsin format 1A mapped onto a given search space isless than that of format OA for scheduling the same
serving cell and mapped onto the same search space, zeros shall be appended to format 1A until the payload size equals
that of format OA, except when format 1A assigns downlink resource on a secondary cell without an uplink
configuration associated with the secondary cell.

If the number of information bitsin format 1A carried by PDCCH belongs to one of the sizesin Table 5.3.3.1.2-1, one
zero bit shall be appended to format 1A.

When the format 1A CRC is scrambled with a RA-RNTI, P-RNTI, SI-RNTI, SC-RNTI or G-RNTI then the following
fields among the fields above are reserved:

- HARQ process humber

- Downlink Assignment Index (used for cases with TDD primary cell and either FDD operation or TDD operation,
and is not present for cases with FDD primary cell and either FDD operation or TDD operation)

5.3.3.1.3A Format 1B
DCI format 1B is used for the compact scheduling of one PDSCH codeword in one cell with precoding information.
The following information is transmitted by means of the DCI format 1B:

- Carrier indicator — 0 or 3 bits. The field is present according to the definitionsin [3].

- Localized/Distributed VRB assignment flag — 1 bit as defined in subclause 7.1.6.3 of [3]
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- Resource block assignment — (IogZ(NFE’é' (NRS +1)/2)-‘ bits as defined in subclause 7.1.6.3 of [3]

- For localized VRB:

(I 0g, (N~ (N5 +2)/ 2)—‘ bits provide the resource allocation
- For distributed VRB:

-For N2 <50
- (Iogz(NF'ﬁBL (NS +1)/ 2)—‘ bits provide the resource allocation

-For Ng; >50

- 1 bit, the MSB indicates the gap value, where value O indicates N g, = N, and value 1 indicates

Ngap = Ngap,2

- (ﬂogz(N%(N% +1)/2)—‘ —1) bits provide the resource allocation

- Modulation and coding scheme — 5 bitsif higher layer parameter altMCS-Table is not configured, 6 bits otherwise,
as defined in subclause 7.1.7 of [3]

- HARQ process number — 4 bitsif higher layer parameter dI-TTI-Length is configured for the cell, otherwise 3 bits
(for cases with FDD primary cell not configured with EN-DC and higher layer parameter subframeAssignment-
r15), 4 bits (for cases with TDD primary cell, or for cases with EN-DC with FDD primary cell and higher layer
parameter subframeAssignment-r15 configured)

- New dataindicator — 1 bit

- Redundancy version — 2 bits

- TPC command for PUCCH — 2 hits as defined in subclause 5.1.2.1 of [3]

- Downlink Assignment Index —number of bits as specified in Table 5.3.3.1.2-2.

- TPMI information for precoding — number of bits as specified in Table 5.3.3.1.3A-1

TPMI information indicates which codebook index isused in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [2]
corresponding to the single-layer transmission.

- PMI confirmation for precoding — 1 bit as specified in Table 5.3.3.1.3A-2

- HARQ-ACK resource offset (thisfield is present when this format is carried by EPDCCH. Thisfield is not present
when thisformat is carried by PDCCH) — 2 bits as defined in subclause 10.1 of [3]. The 2 bits are set to 0 when
thisformat is carried by EPDCCH on a secondary cell, or when this format is carried by EPDCCH on the
primary cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-
ACK feedback.

- Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping — 2 bits as defined in subclauses 7.1.9
and 7.2.7 of [3]. Thisfield is present only when the UE is configured with CS-RS-ConfigZPAperiodic.

If PMI confirmation indicates that the eNodeB has applied precoding according to PMI(s) reported by the UE, the
precoding for the corresponding RB(s) in subframe n is according to the latest PMI(s) in an aperiodic CSI reported on
or before subframe n-4.

Table 5.3.3.1.3A-1: Number of bits for TPMI information

Number of antenna ports | Number
at eNodeB of bits

2 2

4 4
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Table 5.3.3.1.3A-2: Content of PMI confirmation

Bit field mapped

; Message
to index
0 Precoding according to the indicated TPMI in
the TPMI information field
1 Precoding using the precoder(s) according to
PMI(s) indicated in the latest aperiodic CSI
report.

For aperiodic CSI mode 2-2:

- Precoding of scheduled resource blocks
belonging to the reported preferred M
subband(s), use precoder(s) according to the
preferred M subband PMI(s) indicated in the
latest aperiodic CSI report;

- Precoding of scheduled resource blocks not
belonging to the reported preferred M
subband(s), precoding using a precoder
according to the wideband PMI indicated in the
latest aperiodic CSl report.

If the number of information bitsin format 1B is equal to that for format 0/1A for scheduling the same serving cell and
mapped onto the UE specific search space given by the C-RNTI as defined in [3], one bit of value zero shall be
appended to format 1B.

If the number of information bitsin format 1B carried by PDCCH belongsto one of the sizesin Table 5.3.3.1.2-1, one
or more zero bit(s) shall be appended to format 1B until the payload size of format 1B does not belong to one of the
sizesin Table 5.3.3.1.2-1 and is not equal to that of format 0/1A mapped onto the same search space.

5.3.3.14 Format 1C

DCI format 1C is used for very compact scheduling of one PDSCH codeword, notifying MCCH change [6], notifying
SC-MCCH change and direct indication [6] , reconfiguring TDD, and LAA common information.

The following information is transmitted by means of the DCI format 1C:
If the format 1C is used for very compact scheduling of one PDSCH codeword

- 1bitindicates the gap value, where value O indicates N ., = N g, and valuelindicates Ny, = Ngq 5

- ForN&t <50, thereis no bit for gap indication

- Resource block assignment — ﬂ 09, (I_N\E"R‘Bygap1 INSP J (\_N\?'R‘Bygam I NP J+ D/ 2)—‘ bits as defined in
7.1.6.3 of [3] where N kg ooy isdefinedin[2] and N3 is defined in[3]

- Modulation and coding scheme — 5 bits as defined in subclause 7.1.7 of [3]
Elseif the format 1C is used for notifying MCCH change and direct indication
- Information for MCCH change notification — 8 bits as defined in subclause 5.8.1.3 of [6]

- Direct Indication information — 2 bits provide direct indication of system information update and other fields,
as defined in subclause 6.6a[6]. Thisfield isonly present for MBM S-dedicated cell or feM BM S/Uni cast-

mixed cell with N2- >15 .

RB =

- Reserved information bits are added until the size is equal to that of format 1C used for very compact
scheduling of one PDSCH codeword

Elseif the format 1C is used for notifying SC-M CCH change

- Information for SC-MCCH change notification — 8 bits as defined in subclause 5.8a.1.3 of [6]
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- Reserved information bits are added until the size is equal to that of format 1C used for very compact
scheduling of one PDSCH codeword
Elseif the format 1C is used for reconfiguring TDD
- UL/DL configuration indication:

UL/DL configuration number 1, UL/DL configuration number 2,..., UL/DL configuration number |

Where each UL/DL configuration is 3 bits, | = L%J + Liomar1c 1S equal to the payload size of format 1C

used for very compact scheduling of one PDSCH codeword. The parameter eimta-UL-DL-Configlndex
provided by higher layers determines the index to the UL/DL configuration indication for a serving cell.

- Zeros are added until the sizeis equal to that of format 1C used for very compact scheduling of one PDSCH

codeword
Else

- Subframe configuration for LAA — 4 bits as defined in clause 13A of [3]

- UL duration and offset — 5 bits as defined in clause 13A of [3]. Thefield only applies to a UE configured
with uplink transmission on aLAA SCell

- PUSCH trigger B — 1 bit as defined in subclause 8.0 of [3]. Thefield only applies to a UE configured with
uplink transmission on a LAA SCell

- COT sharing indication for AUL — 1 hit as defined in 4.1.3 of [8]. The field only appliesto a UE configured
with uplink transmission on a LAA SCell

- Reserved information bits are added until the size is equal to that of format 1C used for very compact
scheduling of one PDSCH codeword

5.3.3.1.4A Format 1D

DCI format 1D is used for the compact scheduling of one PDSCH codeword in one cell with precoding and power
offset information.

The following information is transmitted by means of the DCI format 1D:
- Carrier indicator — 0 or 3 bits. The field is present according to the definitionsin [3].
- Localized/Distributed VRB assignment flag — 1 bit as defined in subclause 7.1.6.3 of [3]

- Resource block assignment — (Iogz(Ngg (NRs +1)/2)-‘ bits as defined in subclause 7.1.6.3 of [3]:

- For localized VRB:
’_|092(N5é (N7 +1)/2)-‘ bits provide the resource allocation
- For distributed VRB:
-For N§; <50
- (Iogz(NF?BL (Nas +1)/ 2)—‘ bits provide the resource allocation
-For N2 >50

RB —

- 1 bit, the MSB indicates the gap value, where value O indicates N i, = N, and value 1 indicates

Ngap = Ngap,2
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- (ﬂogz(N%(N% +1)/2)—‘ —1) bits provide the resource allocation

- Modulation and coding scheme — 5 bitsif higher layer parameter altMCS-Table is not configured, 6 bits otherwise,
asdefined in subclause 7.1.7 of [3]

- HARQ process number — 4 bitsif higher layer parameter dI-TTI-Length is configured for the cell, otherwise 3 bits
(for cases with FDD primary cell not configured with EN-DC and higher layer parameter subframeAssignment-
r15), 4 bits (for cases with TDD primary cell, or for cases with EN-DC with FDD primary cell and higher layer
parameter subframeAssignment-r15 configured)

- New dataindicator — 1 bit

- Redundancy version — 2 bits

- TPC command for PUCCH — 2 bits as defined in subclause 5.1.2.1 of [3]

- Downlink Assignment Index —number of bits as specified in Table 5.3.3.1.2-2.

- TPMI information for precoding — number of bits as specified in Table 5.3.3.1.4A-1

TPMI information indicates which codebook index isused in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [2]
corresponding to the single-layer transmission.

- Downlink power offset — 1 bit as defined in subclause 7.1.5 of [3]

- HARQ-ACK resource offset (thisfield is present when this format is carried by EPDCCH. Thisfield is not present
when thisformat is carried by PDCCH) — 2 bits as defined in subclause 10.1 of [3]. The 2 bits are set to 0 when
thisformat is carried by EPDCCH on a secondary cell, or when thisformat is carried by EPDCCH on the
primary cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-
ACK feedback.

- Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping — 2 bits as defined in subclauses 7.1.9
and 7.2.7 of [3]. Thisfield is present only when the UE is configured with CS-RS-ConfigZPAperiodic.

Table 5.3.3.1.4A-1: Number of bits for TPMI information

Number of antenna ports | Number
at eNodeB of bits

2 2

4 4

If the number of information bitsin format 1D isequa to that for format 0/1A for scheduling the same serving cell and
mapped onto the UE specific search space given by the C-RNTI as defined in [3], one bit of value zero shall be
appended to format 1D.

If the number of information bitsin format 1D carried by PDCCH belongs to one of the sizesin Table 5.3.3.1.2-1, one
or more zero bit(s) shall be appended to format 1D until the payload size of format 1D does not belong to one of the
sizesin Table 5.3.3.1.2-1 and is not equal to that of format 0/1A mapped onto the same search space.

5.3.3.15 Format 2
The following information is transmitted by means of the DCI format 2:
- Carrier indicator — 0 or 3 bits. Thefield is present according to the definitionsin [3].
- Resource alocation header (resource alocation type 0/ type 1) — 1 bit as defined in subclause 7.1.6 of [3]

If downlink bandwidth isless than or equal to 10 PRBs, there is no resource alocation header and resource
alocation type 0 is assumed.

- Resource block assignment:

- For resource alocation type 0 defined in subclause 7.1.6.1 of [3]:
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(N R | P-‘ bits provide the resource allocation

- For resource alocation type 1 as defined in subclause 7.1.6.2 of [3]:

- [log,(P)] bits of thisfield are used as a header speific to this resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

- ((N Bl P-‘— [log, (P)-|—1) bits provide the resource allocation

where the value of P depends on the number of DL resource blocks as indicated in subclause 7.1.6.1 of [3]

TPC command for PUCCH — 2 bits as defined in subclause 5.1.2.1 of [3]
Downlink Assignment Index — number of bits as specified in Table 5.3.3.1.2-2.

HARQ process number - 4 bitsif higher layer parameter dI-TTI-Length is configured for the cell, otherwise 3
bits (for cases with FDD primary cell not configured with EN-DC and higher layer parameter
subframeAssignment-r15), 4 bits (for cases with TDD primary cell, or for cases with EN-DC with FDD primary
cell and higher layer parameter subframeAssignment-r15 configured)

Transport block to codeword swap flag — 1 bit

In addition, for transport block 1:

Modulation and coding scheme — 5 bitsif higher layer parameter altMCS-Table is not configured, 6 bits
otherwise, as defined in subclause 7.1.7 of [3]

New dataindicator — 1 bit
Redundancy version — 2 bits

MUST interference presence and power ratio — O or 2 bits as defined in subclause 6.3.3 of [2]. Thisfield is
present only when the UE is configured for MUST-near operation and the number of antenna ports for CRS
transmission in the serving cell is 2

In addition, for transport block 2:

Modulation and coding scheme — 5 bitsif higher layer parameter altMCS-Table is not configured, 6 bits
otherwise, as defined in subclause 7.1.7 of [3]

New dataindicator — 1 bit
Redundancy version — 2 bits

MUST interference presence and power ratio — O or 2 bits as defined in subclause 6.3.3 of [2]. Thisfield is
present only when the UE is configured for MUST-near operation and the number of antenna ports for CRS
transmission in the serving cell is 2

Precoding information — number of bits as specified in Table 5.3.3.1.5-3

HARQ-ACK resource offset (this field is present when thisformat is carried by EPDCCH. Thisfield is not
present when this format is carried by PDCCH) — 2 bits as defined in subclause 10.1 of [3]. The 2 bitsare set to 0
when thisformat is carried by EPDCCH on a secondary cell, or when this format is carried by EPDCCH on the
primary cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-
ACK feedback.

Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping — 2 bits as defined in subclauses 7.1.9
and 7.2.7 of [3]. Thisfield is present only when the UE is configured with CS-RS-ConfigZPAperiodic.

If both transport blocks are enabled, the transport block to codeword mapping is specified according to Table
5.3.3.1.5-1.
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In case one of the transport blocks is disabled as specified in subclause 7.1.7.2 of [3], the transport block to codeword
swap flag is reserved and the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2.

Table 5.3.3.1.5-1: Transport block to codeword mapping
(two transport blocks enabled)

transport block

to codeword codeword 0 codeword 1
(enabled) (enabled)
swap flag value
0 transport block 1 | transport block 2
1 transport block 2 | transport block 1

Table 5.3.3.1.5-2: Transport block to codeword mapping
(one transport block enabled)

transport block 1 transport block 2 (gﬁgmg;d 0 (dﬁgggmggd 1
enabled disabled transport block 1 -
disabled enabled transport block 2 -

The interpretation of the precoding information field depends on the number of enabled codewords according to Table
5.3.3.1.5-4 and Table 5.3.3.1.5-5. Note that TPMI indicates which codebook index is used in Table 6.3.4.2.3-1 or Table
6.3.4.2.3-2 of [2]. For asingle enabled codeword, indices 18 to 34 inclusive in Table 5.3.3.1.5-5 are only supported for
retransmission of the corresponding transport block if that transport block has previously been transmitted using two
layers with closed-loop spatial multiplexing.

If the number of information bitsin format 2 carried by PDCCH belongsto one of the sizesin Table 5.3.3.1.2-1, one
zero bit shall be appended to format 2.

Some entriesin Table 5.3.3.1.5-4 and Table 5.3.3.1.5-5 are used for indicating that the eNodeB has applied precoding
according to PMI(s) reported by the UE. In these cases the precoding for the corresponding RB(S) in subframenis
according to the latest PMI(s) in an aperiodic CSl reported on or before subframe n-4. For aperiodic CSI mode 2-2:
Precoding of scheduled resource blocks belonging to the reported preferred M subband(s) use precoder(s) according to
the preferred M subband PMI indicated by the latest aperiodic CSI report; Precoding of scheduled resource blocks not
belonging to the reported preferred M subband(s) use a precoder according to the wideband PMI indicated by the latest
aperiodic CSI report.

Table 5.3.3.1.5-3: Number of bits for precoding information

Number of antenna ports at eNodeB Number of bits for precoding information
2 3
4 6
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Table 5.3.3.1.5-4: Content of precoding information field for 2 antenna ports

One codeword:
Codeword 0 enabled,
Codeword 1 disabled

Two codewords:
Codeword 0 enabled,
Codeword 1 enabled

Bit field Bit field
mapped to Message mapped Message
index to index

0 2 layers: Transmit 0 2 layers: Precoding

diversity corresponding to
precoder matrix

1(1 1

211 -

1 1 layer: Precoding 1 2 layers: Precoding
corresponding to corresponding to
precoding vector precoder matrix

L 1 /2 1 {1 1 }
2[] -]

2 1 layer: Precoding 2 2 layers: Precoding
corresponding to according to the latest
precoder vector PMI report on

iU PUSCH, using the
[l 1] /\/E precoder(s) indicated
by the reported
PMI(s)

3 1 layer: Precoding 3 reserved
corresponding to
precoder vector

L /v2

4 1 layer: Precoding 4 reserved
corresponding to
precoder vector
b -] /2

5 1 layer: 5 reserved

Precoding according to
the latest PMI report on
PUSCH, using the
precoder(s) indicated by
the reported PMI(s),
if RI=2 was reported,
using 1%t column
multiplied by ~/2 of al
precoders implied by the
reported PMI(s)

6 1 layer: 6 reserved
Precoding according to
the latest PMI report on

PUSCH, using the
precoder(s) indicated by
the reported PMI(s),
if RI=2 was reported,
using 2" column
multiplied by ~/2 of all
precoders implied by the
reported PMI(s)
7 reserved 7 reserved
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Table 5.3.3.1.5-5: Content of precoding information field for 4 antenna ports

One codeword: Two codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled

Bit field Bit field
mapped to Message mapped Message
index to index
0 4 layers: Transmit 0 2 layers: TPMI=0
diversity
1 1 layer: TPMI=0 1 2 layers: TPMI=1
2 1 layer: TPMI=1 . .
. . 15 2 layers: TPMI=15
16 1 layer: TPMI=15 16 2 layers: Precoding
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
17 1 layer: Precoding 17 3 layers: TPMI=0
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
18 2 layers: TPMI=0 18 3 layers: TPMI=1
19 2 layers: TPMI=1 . .
. . 32 3 layers: TPMI=15
33 2 layers: TPMI=15 33 3 layers: Precoding
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
34 2 layers: Precoding 34 4 layers: TPMI=0
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
35-63 reserved 35 4 layers: TPMI=1
49 4 layers: TPMI=15
50 4 layers: Precoding
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
51 -63 Reserved

5.3.3.1.5A Format 2A
The following information is transmitted by means of the DCI format 2A:
- Carrier indicator — 0 or 3 bits. The field is present according to the definitionsin [3].

- Resource alocation header (resource alocation type 0/ type 1) — 1 bit as defined in subclause 7.1.6 of [3]
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If downlink bandwidth isless than or equal to 10 PRBs, there is no resource alocation header and resource
alocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 as defined in subclause 7.1.6.1 of [3]

- (N rs ! P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined in subclause 7.1.6.2 of [3]

- [log,(P)] bits of this field are used as a header speific to this resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

- (( NRs / P-‘— [log, (P)-\—l) bits provide the resource alocation

where the value of P depends on the number of DL resource blocks as indicated in subclause 7.1.6.1 of [3]
- TPC command for PUCCH — 2 bits as defined in subclause 5.1.2.1 of [3]
- Downlink Assignment Index —number of bits as specified in Table 5.3.3.1.2-2.

- HARQ process number - 4 bitsif higher layer parameter dI-TTI-Length is configured for the cell, otherwise 3 bits
(for cases with FDD primary cell not configured with EN-DC and higher layer parameter subframeAssignment-
r15), 4 bits (for cases with TDD primary cell, or for cases with EN-DC with FDD primary cell and higher layer
parameter subframeAssignment-r15 configured)

- Transport block to codeword swap flag — 1 bit
In addition, for transport block 1:

- Modulation and coding scheme — 5 bitsif higher layer parameter altMCS Table is not configured, 6 bits
otherwise, as defined in subclause 7.1.7 of [3]

- New dataindicator — 1 bit
- Redundancy version — 2 bits
In addition, for transport block 2;

- Modulation and coding scheme — 5 bitsif higher layer parameter altMCS Table is not configured, 6 bits
otherwise, as defined in subclause 7.1.7 of [3]

- New dataindicator — 1 bit
- Redundancy version — 2 hits
- Precoding information — number of bits as specified in Table 5.3.3.1.5A-1

- HARQ-ACK resource offset (thisfield is present when this format is carried by EPDCCH. Thisfield is not present
when thisformat is carried by PDCCH) — 2 bits as defined in subclause 10.1 of [3]. The 2 bits are set to 0 when
thisformat is carried by EPDCCH on a secondary cell, or when thisformat is carried by EPDCCH on the
primary cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-
ACK feedback. - MUST interference presence and power ratio — 0 or 2 bits as defined in subclause 6.3.3 of [2].
Thisfield is present only when the UE is configured for MUST-near operation and the number of antenna ports
for CRS transmission in the serving cell is 2.

- Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping — 2 bits as defined in subclauses 7.1.9
and 7.2.7 of [3]. Thisfield is present only when the UE is configured with CSI-RS-ConfigZPAperiodic.

If both transport blocks are enabled, the transport block to codeword mapping is specified according to Table
5.3.3.1.5-1.
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In case one of the transport blocks is disabled, the transport block to codeword swap flag is reserved and the transport
block to codeword mapping is specified according to Table 5.3.3.1.5-2.

The precoding information field is defined according to Table 5.3.3.1.5A-2. For asingle enabled codeword, index 1 in
Table 5.3.3.1.5A-2 is only supported for retransmission of the corresponding transport block if that transport block has
previously been transmitted using two layers with large delay CDD.

For transmission with 2 antenna ports, the precoding information field is not present. The number of transmission layers
isequal to 2 if both codewords are enabled; transmit diversity is used if codeword O is enabled while codeword 1 is
disabled.

If the number of information bitsin format 2A carried by PDCCH belongsto one of the sizesin Table 5.3.3.1.2-1, one
zero bit shall be appended to format 2A.

Table 5.3.3.1.5A-1: Number of bits for precoding information

Number of antenna ports at eNodeB Number of bits for precoding information
2 0
4 2

Table 5.3.3.1.5A-2: Content of precoding information field for 4 antenna ports

One codeword: Two codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled

Bit field Bit field
mapped to Message mapped Message
index to index
0 4 layers: Transmit 0 2 layers: precoder
diversity cycling with large delay
1 2 layers: precoder 1 3 layers: precoder
cycling with large delay cycling with large delay
CDD CDD
2 reserved 2 4 layers: precoder
cycling with large delay
CDD
3 reserved 3 reserved

5.3.3.1.5B Format 2B
The following information is transmitted by means of the DCI format 2B:
- Carrier indicator — 0 or 3 bits. The field is present according to the definitionsin [3].
- Resource alocation header (resource alocation type 0/ type 1) — 1 bit as defined in subclause 7.1.6 of [3]

If downlink bandwidth is less than or equal to 10 PRBS, thereis no resource alocation header and resource
alocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 as defined in subclause 7.1.6.1 of [3]
- (N e | P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined in subclause 7.1.6.2 of [3]

- |_I 09, (P)-| bits of thisfield are used as a header specific to this resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span
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- (( Ngg / P-‘— [log,( P)]—l) bits provide the resource allocation

where the value of P depends on the number of DL resource blocks as indicated in subclause [7.1.6.1] of [3]
- TPC command for PUCCH — 2 bits as defined in subclause 5.1.2.1 of [3]
- Downlink Assignment Index — number of bits as specified in Table 5.3.3.1.2-2.

- HARQ process number - 4 bitsif higher layer parameter dI-TTI-Length is configured for the cell, otherwise 3 bits
(for cases with FDD primary cell not configured with EN-DC and higher layer parameter subframeAssignment-
r15), 4 bits (for cases with TDD primary cell, or for cases with EN-DC with FDD primary cell and higher layer
parameter subframeAssignment-r15 configured)

- Scrambling identity— 1 bit as defined in subclause 6.10.3.1 of [2]

- SRS request — [0-1] hit. Thisfield can only be present for TDD operation and if present is defined in subclause 8.2
of [3]

In addition, for transport block 1:

- Modulation and coding scheme — 5 bitsif higher layer parameter altMCS Table is not configured, 6 bits
otherwise, as defined in subclause 7.1.7 of [3]

- New dataindicator — 1 bit
- Redundancy version — 2 bits
In addition, for transport block 2:

- Modulation and coding scheme — 5 bitsif higher layer parameter altMCS-Table is not configured, 6 bits
otherwise, as defined in subclause 7.1.7 of [3]

- New dataindicator — 1 bit
- Redundancy version — 2 hits

- HARQ-ACK resource offset (thisfield is present when this format is carried by EPDCCH. Thisfield is not present
when thisformat is carried by PDCCH) — 2 hits as defined in subclause 10.1 of [3]. The 2 bits are set to 0 when
thisformat is carried by EPDCCH on a secondary cell, or when thisformat is carried by EPDCCH on the
primary cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-
ACK feedback.

- MUST interference presence and modulation (Thisfield is present only when the UE is configured for MUST
operation) —0 or 2 bits. The field is defined in Table 5.3.3.1.5C-3, where the interfering antenna port isin { 7,8}
excluding the antenna port for transmission. The interfering antenna port has the same scrambling identity as
indicated in the " Scrambling identity"” field.

- SRStiming offset — 3 bits as defined in [3]. Thisfield is present only when the DCI format is used for scheduling
PDSCH inaLAA SCell and the UE is configured with uplink transmission on the LAA SCell.

- Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping — 2 bits as defined in subclauses 7.1.9
and 7.2.7 of [3]. Thisfield is present only when the UE is configured with CSl-RS-ConfigZPAperiodic.

If both transport blocks are enabled, the number of layers equals two; transport block 1 is mapped to codeword 0; and
transport block 2 is mapped to codeword 1. Antenna ports 7 and 8 are used for spatial multiplexing.

In case one of the transport blocksis disabled, the number of layers equals one; the transport block to codeword
mapping is specified according to Table 5.3.3.1.5-2; and the antenna port for single-antenna port transmission is
according to Table 5.3.3.1.5B-1.

Table 5.3.3.1.5B-1: Antenna port for single-antenna port transmission (one transport block disabled)

New data indicator of the disabled transport block | Antenna port
0 7

1 8
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If the number of information bitsin format 2B carried by PDCCH belongsto one of the sizesin Table 5.3.3.1.2-1, one
zero bit shall be appended to format 2B.

5.3.3.1.5C Format 2C
The following information is transmitted by means of the DCI format 2C:
- Carrier indicator — 0 or 3 hits. Thefield is present according to the definitionsin [3].
- Resource allocation header (resource allocation type 0/ type 1) — 1 bit as defined in subclause 7.1.6 of [3]

If downlink bandwidth is less than or equal to 10 PRBS, there is no resource allocation header and resource
alocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 as defined in subclause 7.1.6.1 of [3]

- (N rs ! P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined in subclause 7.1.6.2 of [3]

- |_I 09, (P)-| bits of thisfield are used as a header specific to this resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

- (( Ngg / P-‘— [log,( P)]—l) bits provide the resource allocation

where the value of P depends on the number of DL resource blocks asindicated in subclause [7.1.6.1] of [3]
- TPC command for PUCCH — 2 bits as defined in subclause 5.1.2.1 of [3]
- Downlink Assignment Index —number of bits as specified in Table 5.3.3.1.2-2.

- HARQ process number - 4 bitsif higher layer parameter dI-TTI-Length is configured for the cell, otherwise 3 bits
(for cases with FDD primary cell not configured with EN-DC and higher layer parameter subframeAssignment-
r15), 4 bits (for cases with TDD primary cell, or for cases with EN-DC with FDD primary cell and higher layer
parameter subframeAssignment-r15 configured)

- Antenna port(s), scrambling identity and number of layers — 3 bits as specified in Table 5.3.3.1.5C-1 where hcip IS
the scrambling identity for antenna ports 7 and 8 defined in subclause 6.10.3.1 of [2], or 4 bits as specified in
Table 5.3.3.1.5C-2 where nip is the scrambling identity for antenna ports 7, 8, 11 and 13 defined in subclause
6.10.3.1 of [2] when higher layer parameter dmrs-tableAlt is set to 1, or 1 bit as specified in Table 5.3.3.1.5C-6
where ngip is the scrambling identity for antenna ports 7 and 8 defined in subclause 6.10.3.1 of [2] when higher
layer parameter semiOpenLoop is configured.

- SRS request —[0-1] hit. Thisfield can only be present for TDD operation and if present is defined in subclause 8.2
of [3]

In addition, for transport block 1:

- Modulation and coding scheme — 5 bitsif higher layer parameter altMCS Table is not configured, 6 bits
otherwise, as defined in subclause 7.1.7 of [3]

- New dataindicator — 1 bit
- Redundancy version — 2 bits
In addition, for transport block 2:

- Modulation and coding scheme — 5 bitsif higher layer parameter altMCS-Table is not configured, 6 bits
otherwise, as defined in subclause 7.1.7 of [3]
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- New dataindicator — 1 bit
- Redundancy version — 2 bits

- HARQ-ACK resource offset (thisfield is present when this format is carried by EPDCCH. Thisfield is not present
when thisformat is carried by PDCCH) — 2 bits as defined in subclause 10.1 of [3]. The 2 bits are set to 0 when
thisformat is carried by EPDCCH on a secondary cell, or when this format is carried by EPDCCH on the
primary cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-
ACK feedback.

- MUST interference presence, antenna port, and modulation (thisfield is only present when the UE is configured
for MUST operation) — 2 bits when higher layer parameter dmrs-tableAlt is not configured or is set to O, 4 bits
when higher layer parameter k-max is set to 1 and dmrs-tableAlt =1, or 6 bits when k-max is set to 3 and dnrs-
tableAlt =1. For the 2 and 6 bit fields, two bits are defined for each interfering antenna port in Table 5.3.3.1.5C-
3, where asingle interfering antenna port isin { 7,8} excluding the antenna port for transmission, and multiple
interfering antenna portsarein {7,8,11,13} excluding the antenna ports for transmission. For the 6 bit field, the
two or four LSB are reserved in the case of two or one interfering antenna port, respectively. For the 4 bit field,
two MSB are defined for interference presence and antenna port in Table 5.3.3.1.5C-4 where the single
interfering antenna port is one of {7,8,11,13} excluding the antenna port for transmission, and two LSB are
defined for interference modulation in 5.3.3.1.5C-5. The interfering antenna port(s) have the same scrambling
identity and OCC length as indicated in the " Antenna port(s), scrambling identity and number of layers' field.

- SRStiming offset — 3 bits as defined in [3]. Thisfield is present only when the DCI format is used for scheduling
PDSCH inaLAA SCell and the UE is configured with uplink transmission on the LAA SCell.

- Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping — 2 bits as defined in subclauses 7.1.9
and 7.2.7 of [3]. Thisfield is present only when the UE is configured with CSI-RS-ConfigZPAperiodic.

If both transport blocks are enabled; transport block 1 is mapped to codeword O; and transport block 2 is mapped to
codeword 1. When higher layer parameter semiOpenLoop is configured, antenna ports 7 and 8 are used for spatial
multiplexing.

In case one of the transport blocks is disabled; the transport block to codeword mapping is specified according to Table
5.3.3.1.5-2. For the single enabled codeword, Value=4, 5, 6 in Table 5.3.3.1.5C-1 or Value= 12, 13,14 in Table
5.3.3.1.5C-2 are only supported for retransmission of the corresponding transport block if that transport block has
previously been transmitted using two, three or four layers, respectively. When higher layer parameter semiOpenLoop is
configured, antenna ports 7 and 8 are used for transmit diversity.

If the number of information bitsin format 2C carried by PDCCH belongsto one of the sizesin Table 5.3.3.1.2-1, one
zero bit shall be appended to format 2C.

Table 5.3.3.1.5C-1: Antenna port(s), scrambling identity and number of layers indication

One Codeword: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled

Value Message Value Message

2 layers, ports 7-8, nscip=0
2 layers, ports 7-8, nscip=1
3 layers, ports 7-9
4 layers, ports 7-10
5 layers, ports 7-11
6 layers, ports 7-12
7 layers, ports 7-13
8 layers, ports 7-14

1 layer, port 7, nscip=0
1 layer, port 7, nscip=1
1 layer, port 8, nscip=0
1 layer, port 8, nscip=1

2 layers, ports 7-8

3 layers, ports 7-9

4 layers, ports 7-10

Reserved

N[O |WIN|FL|O
N[O~ |WIN|FO
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Table 5.3.3.1.5C-2: Antenna port(s), scrambling identity and number of layers indication

One Codeword: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled
Value Message Value Message

0 1 layer, port 7, nscip=0 (OCC=2) 0 2 layer, port 7-8, nscip=0 (OCC=2)

1 1 layer, port 7, nscip=1 (OCC=2) 1 2 layer, port 7-8, nscip=1 (OCC=2)

2 1 layer, port 8, nscip=0 (OCC=2) 2 2 layer, port 7-8, nscip=0 (OCC=4)

3 1 layer, port 8, hscip=1 (OCC=2) 3 2 layer, port 7-8, nscip=1 (OCC=4)

4 1 layer, port 7, nscip=0 (OCC=4) 4 2 layer, port 11,13, nscip=0 (OCC=4)

5 1 layer, port 7, nscip=1 (OCC=4) 5 2 layer, port 11,13, nscip=1 (OCC=4)

6 1 layer, port 8, nscip=0 (OCC=4) 6 3 layer, port 7-9

7 1 layer, port 8, nscip=1 (OCC=4) 7 4 layer, port 7-10

8 1 layer, port 11, nscip=0 (OCC=4) 8 5 layer, port 7-11

9 1 layer, port 11, nscip=1 (OCC=4) 9 6 layer, port 7-12

10 1 layer, port 13, nscip=0 (OCC=4) 10 7 layers, ports 7-13

11 1 layer, port 13, nscip=1 (OCC=4) 11 8 layers, ports 7-14

12 2 layers, ports 7-8 12 3 layers, ports 7, 8,11, nscip=0
(occ=4)

13 3 layers, ports 7-9 13 4 layers, ports 7, 8,11,13, nscip=0
(Occ=4)

14 4 layers, ports 7-10 14 Reserved

15 Reserved 15 Reserved

Table 5.3.3.1.5C-3: Content of MUST interference presence and modulation for an antenna port

Bit field Message
00 No interference presence
01 Interference is present with QPSK
10 Interference is present with 16QAM
11 Interference is present with 64QAM or 256QAM

Table 5.3.3.1.5C-4: Content of MUST interference presence and antenna port

Bit field Message
00 No interference presence
01 First antenna port
10 Second antenna port
11 Third antenna port

Table 5.3.3.1.5C-5:

Content of MUST interference modulation

Bit field Message
00 QPSK
01 16QAM
10 64QAM
11 256QAM

Table 5.3.3.1.5C-6: Antenna port(s), scrambling identity and number of layers indication

One Codeword:Codeword 0 enabled, Codeword 1 disabled

Or
Two Codewords:Codeword 0 enabled, Codeword 1 enabled
Value Message
0 2 layer, port 7-8, nscip=0
1 2 layer, port 7-8, nscip=1
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5.3.3.1.5D Format 2D
The following information is transmitted by means of the DCI format 2D:
- Carrier indicator — 0 or 3 bits. The field is present according to the definitionsin [3].
- Resource allocation header (resource allocation type 0/ type 1) — 1 bit as defined in subclause 7.1.6 of [3]

If downlink bandwidth is less than or equal to 10 PRBS, thereis no resource alocation header and resource
alocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 as defined in subclause 7.1.6.1 of [3]

- ’_N Re | P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined in subclause 7.1.6.2 of [3]

- |_I 09, (P)-| bits of thisfield are used as a header specific to this resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

- q_ N/ P-‘— [log,(P)] —1) bits provide the resource allocation

where the value of P depends on the number of DL resource blocks asindicated in subclause [7.1.6.1] of [3]
- TPC command for PUCCH — 2 bits as defined in subclause 5.1.2.1 of [3]
- Downlink Assignment Index — number of bits as specified in Table 5.3.3.1.2-2.

- HARQ process number - 4 bitsif higher layer parameter dI-TTI-Length is configured for the cell, otherwise 3 bits
(for cases with FDD primary cell not configured with EN-DC and higher layer parameter subframeAssignment-
r15), 4 bits (for cases with TDD primary cell, or for cases with EN-DC with FDD primary cell and higher layer
parameter subframeAssignment-r15 configured)

- Antenna port(s), scrambling identity and number of layers — 3 bits as specified in Table 5.3.3.1.5C-1 (or Table
5.3.3.1.5D-1 for two codewords when higher layer parameter qcl-Operation is set to 'typeC') where ngip isthe
scrambling identity for antenna ports 7 and 8 defined in subclause 6.10.3.1 of [2], or 4 bits as specified in Table
5.3.3.1.5C-2 (or Table 5.3.3.1.5D-2 for two codewords when higher layer parameter gcl-Operation is set to
'typeC") where nscip is the scrambling identity for antenna ports 7, 8, 11 and 13 defined in subclause 6.10.3.1 of
[2] when higher layer parameter dmrs-tableAlt isset to 1, or 1 bit as specified in Table 5.3.3.1.5C-6 where hscip
isthe scrambling identity for antenna ports 7 and 8 defined in subclause 6.10.3.1 of [2] when higher layer
parameter semiOpenLoop is configured.

- SRS request —[0-1] bit. Thisfield can only be present for TDD operation and if present is defined in subclause 8.2
of [3]

In addition, for transport block 1:

- Modulation and coding scheme — 5 bitsif higher layer parameter altMCS-Table is not configured, 6 bits
otherwise, as defined in subclause 7.1.7 of [3]

- New dataindicator — 1 bit
- Redundancy version — 2 bits
In addition, for transport block 2:

- Modulation and coding scheme — 5 bitsif higher layer parameter altMCS Table is not configured, 6 bits
otherwise, as defined in subclause 7.1.7 of [3]

- New dataindicator — 1 bit
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- Redundancy version — 2 bits
- PDSCH RE Mapping and Quasi-Co-Location Indicator — 2 bits as defined in subclauses 7.1.9 and 7.1.10 of [3]

- HARQ-ACK resource offset (thisfield is present when this format is carried by EPDCCH. Thisfield is not present
when thisformat is carried by PDCCH) — 2 bits as defined in subclause 10.1 of [3]. The 2 bits are set to 0 when
thisformat is carried by EPDCCH on a secondary cell, or when this format is carried by EPDCCH on the
primary cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-
ACK feedback.

- MUST interference presence, antenna port, and modulation (thisfield is only present when the UE is configured
for MUST operation) — 2 bits when higher layer parameter dmrs-tableAlt is not configured or is set to O, 4 bits
when higher layer parameter k-max is set to 1 and dmrs-tableAlt =1, 6 bits when k-max is set to 3 and dnrs-
tableAlt =1. For the 2 and 6 bit fields, two bits are defined for each interfering antenna port in Table 5.3.3.1.5C-
3, where asingleinterfering antenna port isin { 7,8} excluding the antenna port for transmission, and multiple
interfering antenna portsarein {7,8,11,13} excluding the antenna ports for transmission. For the 6 bit field, the
two or four LSB are reserved in the case of two or one interfering antenna port, respectively. For the 4 bit field,
two MSB are defined for interference presence and antenna port in Table 5.3.3.1.5C-4 where the single
interfering antenna port is one of {7,8,11,13} excluding the antenna port for transmission, and two LSB are
defined for interference modulation in 5.3.3.1.5C-5. The interfering antenna port(s) have the same scrambling
identity and OCC length as indicated in the " Antenna port(s), scrambling identity and number of layers' field.

- SRStiming offset — 3 bits as defined in [3]. Thisfield is present only when the DCI format is used for scheduling
PDSCH inaLAA SCell and the UE is configured with uplink transmission on the LAA SCell.

- Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping — 2 bits as defined in subclauses 7.1.9
and 7.2.7 of [3]. Thisfield is present only when the UE is configured with CSI-RS-ConfigZPAperiodic.

If both transport blocks are enabled; transport block 1 is mapped to codeword O; and transport block 2 is mapped to
codeword 1. When higher layer parameter semiOpenLoop is configured, antenna ports 7 and 8 are used for spatial
multiplexing.

In case one of the transport blocks is disabled; the transport block to codeword mapping is specified according to Table
5.3.3.1.5-2. For the single enabled codeword, Value=4, 5, 6 in Table 5.3.3.1.5C-1 or Value= 12, 13,14 in Table
5.3.3.1.5C-2 are only supported for retransmission of the corresponding transport block if that transport block has
previously been transmitted using two, three or four layers, respectively. When higher layer parameter semiOpenLoop is
configured, antenna ports 7 and 8 are used for transmit diversity.

If the number of information bitsin format 2D carried by PDCCH belongs to one of the sizesin Table 5.3.3.1.2-1, one
zero bit shall be appended to format 2D.

Table 5.3.3.1.5D-1: Antenna port(s), scrambling identity and number of layers indication

Two Codewords
Value Message
0 2 layers, ports 7-8, nscip=0
1 2 layers, ports 7-8, nscip=1
2 3 layers, ports 7,9,10
3 4 layers, ports 7-10
4 5 layers, ports 7,8,9,10,12
5 6 layers, ports 7,8,11,9,10,12
6 7 layers, ports 7,8,11,9,10,12,14
7 8 layers, ports 7,8,11,13,9,10,12,14
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Table 5.3.3.1.5D-2: Antenna port(s), scrambling identity and number of layers indication

Two Codewords

Value Message
0 2 layer, port 7-8, Ngcip=0 (OCC=2)
1 2 layer, port 7-8, Nnscip=1 (OCC=2)
2 2 layer, port 7-8, Ngcip=0 (OCC=4)
3 2 layer, port 7-8, Nscip=1 (OCC=4)
4 2 layer, port 11,13, ngcip=0 (OCC=4)
5 2 layer, port 11,13, nscip=1 (OCC=4)
6 3 layers, ports 7,9,10
7 4 layers, ports 7-10
8 5 layers, ports 7,8,9,10,12
9 6 layers, ports 7,8,11,9,10,12
10 7 layers, ports 7,8,11,9,10,12,14
11 8 layers, ports 7,8,11,13,9,10,12,14
12 Reserved
13 Reserved
14 Reserved
15 Reserved

5.3.3.1.6 Format 3

DCI format 3 is used for the transmission of TPC commands for PUCCH, SPUCCH corresponding to semi-persistently
scheduled PDSCH with slot/subslot duration, semi-persistently scheduled PUSCH with slot/subslot duration, and
PUSCH with subframe durationw ith 2-bit power adjustments.

The following information is transmitted by means of the DCI format 3:

- TPC command number 1, TPC command number 2,..., TPC command number N

L
where N = L%J , and where Lsqmat o 1Sequal to the payload size of format O before CRC attachment when

format O is mapped onto the common search space, including any padding bits appended to format 0. The
parameter tpc-Index or tpe-1ndex-PUCCH-SCell-r13 provided by higher layers determines the index to the TPC
command for agiven UE.

L L
If { f°r;a[° J < f°r;a[° , ahit of value zero shall be appended to format 3.

For BL/CE UE, Ltormato@nd format O are replaced by Lrormat 604 8nd format 6-0A, respectively, in the description above.

5.3.3.1.7 Format 3A

DCI format 3A isused for the transmission of TPC commands for PUCCH, SPUCCH corresponding to semi-
persistently scheduled PDSCH with slot/subslot duration, semi-persistently scheduled PUSCH with slot/subsl ot
duration, and PUSCH with subframe duration with single bit power adjustments.

The following information is transmitted by means of the DCI format 3A:
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- TPC command number 1, TPC command number 2,..., TPC command number M

where M = Ligrmat o, and where Ligma o 1S €qual to the payload size of format O before CRC attachment when format

0 is mapped onto the common search space, including any padding bits appended to format 0. The parameter tpc-1ndex
or tpc-1ndex-PUCCH-SCell-r 13 provided by higher layers determines the index to the TPC command for a given UE.

For BL/CE UE, Liorma 0 @nd format O are replaced by Liorma 6-0a @nd format 6-0A, respectively, in the description above.

5.3.3.1.7A Format 3B

DCI format 3B 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 aso be transmitted.

The following information is transmitted by means of the DCI format 3B:
- block number 1, block humber 2, ..., block number B

where the starting position of ablock is determined by the parameter startingBitOfFormat3B provided by higher
layers for the UE configured with the block.

If aUE has more than 5 TDD SCells configured without PUCCH and without PUSCH, one block is configured for the
UE by higher layers, with the following fields defined for the block:

- SRSrequest —0or 2 bits. Thisfield is present, and if present interpreted, according to the definition in Subclause
8.2 of [3].

- TPC command number 1, TPC command number 2, ..., TPC command number n

The n TPC command fields correspond to a set of n TDD SCells without PUCCH and without PUSCH, with the
set indicated by the SRS request field or determined by higher layersif thereis no SRS request field present. A
TPC command field has 1 bit if the parameter fieldTypeFormat3B provided by higher layers has avalue of 1 or
3, and 2 bitsif the parameter fieldTypeFormat3B has avalue of 2 or 4.

If aUE has up to 5 TDD SCells configured without PUCCH and without PUSCH, one or more blocks each
corresponding to an SCell are configured by higher layers, with the following fields defined for each block:

- SRSrequest - 0, 1, or 2 bits, where the number of bitsis determined in Subclause 8.2 of [3].

- TPC command - 1 or 2 hits, where the number of bitsis 1 if the parameter fieldTypeFormat3B provided by higher
layershasavaue of 1 or 3, and 2 if the parameter fieldTypeFormat3B has avalue of 2 or 4.

The size of format 3B isequal t0 Ligmat g, and where Liomat o 1S equal to the payload size of format O before CRC
attachment when format 0 is mapped onto the common search space, including any padding bits appended to format O.

5.3.3.1.8 Format 4
DCI format 4 is used for the scheduling of PUSCH in one UL cell with multi-antenna port transmission mode,
The following information is transmitted by means of the DCI format 4:

- Carrier indicator — 0 or 3 bits. Thefield is present according to the definitionsin [3].

UL
- Resource block assignment - max[ [log, (N (NS +1)/2) |, {IOQZ(UNRB / P”Tm J bits, where P is the
4

UL RBG size as defined in subclause 8.1.2 of [3]

- For resource alocation type O:

- The (’_Iogz(NFL{’é(Ngé +1)/2)-‘ j L SBs provide the resource alocation in the UL subframe as defined in

subclause 8.1.1 of [3]
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- For resource alocation type 1:

INY/P+1 | - o
- The|log, 4 L SBs provide the resource allocation in the UL subframe as defined in

subclause 8.1.2 of [3]
- TPC command for scheduled PUSCH — 2 bits as defined in subclause 5.1.1.1 of [3]

- Cyclic shift for DM RS and OCC index and IFDMA configuration — 3 bits as defined in subclause 5.5.2.1.1 of
(2]

- UL index — 2 bits as defined in subclauses 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (thisfield is present only for TDD
operation with uplink-downlink configuration O, or TDD operation with uplink-downlink configuration 6 and
specia subframe configuration 10 when the higher layer parameter symPUSCH-UpPts or shortProcessingTime
is configured for the cell)

- Downlink Assignment Index (DAI) — 2 bits as defined in subclause 7.3 of [3] (thisfield is present only for the
following cases: 1) TDD primary cell and either TDD operation with uplink-downlink configurations 1-6 or
FDD operation; or 2) EN-DC with FDD primary cell and higher layer parameter subframeAssignment-r15
configured)

- CSlrequest—1, 2, 3, 4 or 5 bits as defined in subclause 7.2.1 of [3].

If UEs are not configured with CSI-RS-ConfigNZPAperiodic or if UEs are configured with CSI-RS-
ConfigNZPA periodic and numberActivatedA periodicCSI-RS-Resources=1 for each CS| process,

the 2-bit field applies to UEs configured with no more than five DL cells and to
- UEsthat are configured with more than one DL cell;
- UEsthat are configured by higher layers with more than one CSI process,

- UEsthat are configured with two CSI measurement sets by higher layers with the parameter csi-
MeasSubframeSet;

the 3-hit field appliesto UEs that are configured with more than five DL cells;
otherwise the 1-hit field applies

If UEs are configured with CSI-RS-ConfigNZPAperiodic and numberActivatedAperiodicCSl-RS-Resources>1
for at least one CSl process,

the 4-hit field applies to UEs configured with no more than five DL cells and to
- UEsthat are configured with more than one DL cell;
- UEsthat are configured by higher layers with more than one CSl process;

- UEsthat are configured with two CSI measurement sets by higher layers with the parameter csi-
MeasSubframeSet;

the 5-bit field appliesto UEs that are configured with more than five DL cells;
otherwise the 3-bit field applies.

- SRSrequest — 2 hits as defined in subclause 8.2 of [3]

- Resource alocation type — 1 bit as defined in subclause 8.1 of [3]

- Cyclic Shift Field mapping table for DMRS — 1 bit as defined in subclause 5.5.2.1.1 of [2]. The 1-bit field
appliesto UEs that are configured with higher layer parameter UL-DMRS-IFDMA.

- HARQ process number — 4 bitsif higher layer parameter ul-TTI-Length is configured for the cell, otherwise 3
bits (thisfield is present when higher layer parameter shortProcessingTime is configured for the cell)
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- Redundancy version — 2 bits (this field is present when higher layer parameter shortProcessingTimeis
configured for the cell)

In addition, for transport block 1:
- Modulation and coding scheme and redundancy version — 5 bits as defined in subclause 8.6 of [3]
- New dataindicator — 1 bit

In addition, for transport block 2:
- Modulation and coding scheme and redundancy version — 5 bits as defined in subclause 8.6 of [3]
- New dataindicator — 1 bit

Precoding information and number of layers: number of bits as specified in Table 5.3.3.1.8-1. Bit field as shownin
Table5.3.3.1.8-2 and Table 5.3.3.1.8- 3. Note that TPMI for 2 antenna ports indicates which codebook index isto be
used in Table 5.3.3A.2-1 of [2], and TPMI for 4 antenna ports indicates which codebook index isto be used in Table
5.3.3A.2-2, Table 5.3.3A.2-3, Table 5.3.3A.2-4 and Table 5.3.3A.2-5 of [2]. If both transport blocks are enabled,
transport block 1 is mapped to codeword 0; and transport block 2 is mapped to codeword 1. In case one of the transport
blocks is disabled, the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2. For asingle
enabled codeword, indices 24 to 39 in Table 5.3.3.1.8-3 are only supported for retransmission of the corresponding
transport block if that transport block has previously been transmitted using two layers.

Table 5.3.3.1.8-1: Number of bits for precoding information

Number of antenna ports at UE Number of bits for precoding information
2 3
4 6

Table 5.3.3.1.8-2: Content of precoding information field for 2 antenna ports

One codeword: Two codewords:
Codeword 0 enabled Codeword 0 enabled
Codeword 1 disabled Codeword 1 enabled
Bit field mapped to index Message Bit field mapped to index Message

0 1 layer: TPMI=0 0 2 layers: TPMI=0
1 1 layer: TPMI=1 1-7 reserved
2 1 layer: TPMI=2
5 1 layer: TPMI=5

6-7 reserved
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Table 5.3.3.1.8-3: Content of precoding information field for 4 antenna ports

One codeword: Two codewords:
Codeword 0 enabled Codeword 0 enabled
Codeword 1 disabled Codeword 1 enabled
Bit field mapped to index Message Bit field mapped to index Message
0 1 layer: TPMI=0 0 2 layers: TPMI=0
1 1 layer: TPMI=1 1 2 layers: TPMI=1
23 1 layer: TPMI=23 15 2 layers: TPMI=15
24 2 layers: TPMI=0 16 3 layers: TPMI=0
25 2 layers: TPMI=1 17 3 layers: TPMI=1
39 2 layers: TPMI=15 27 3 layers: TPMI=11
40-63 reserved 28 4 layers: TPMI=0
29 -63 Reserved

If the number of information bitsin format 4 is equal to the payload size for DCI format 1, 2, 2A, 2B, 2C or 2D
associated with the configured DL transmission mode in the same serving cell, one zero bit shall be appended to format
4.

5.3.3.1.8A Format 4A

DCI format 4 is used for the scheduling of PUSCH ina LAA SCell with multi-antenna port transmission mode, or
activating/releasing AUL transmission for a UE with multi-antenna port transmission mode, or indicating AUL-DFI to a
UE that is activated with AUL transmission with multi-antenna port transmission mode.

The following information is transmitted by means of the DCI format 4A:
- Carrier indicator — 0 or 3 bits. The field is present according to the definitionsin [3].
If the format 4A DCI is scrambled by C-RNTI

- PUSCH trigger A — 1 bit, where value 0 indicates non-triggered scheduling and value 1 indicates triggered
scheduling as defined in subclause 8.0 of [3];

Else

- Flag for AUL differentiation — 1 bit, where value O indicates activating/releasing AUL transmission and value 1
indicates AUL-DFI.

If the format 4A is used for the scheduling of PUSCH inaLAA SCell or activating/releasing AUL transmission for a
UE, all the remaining fields are set as follows:

- Timing offset — 4 hits as defined in subclause 8.0 of [3].
- When the PUSCH trigger A issetto 0,
- Thefield indicates the absolute timing offset for the PUSCH transmission.
- Otherwise,

- Thefirst two bits of the field indicate the timing offset, relative to the UL offset | as defined in clause 13A
of [3], for the PUSCH transmission.

- Thelast two bits of the field indicate the time window within which the scheduling of PUSCH via
triggered scheduling is valid.

- Resource block assignment — 5 or 6 bits provide the resource allocation in the UL subframe as defined in
subclause 8.1.4 of [3].

- HARQ process number — 4 bits.
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- Redundancy version — 2 bits as defined in subclause 8.6.1 of [3] which is common for both transport blocks.
- TPC command for scheduled PUSCH — 2 hits as defined in subclause 5.1.1.1 of [3]
- Cyclic shift for DM RS and OCC index — 3 hits as defined in subclause 5.5.2.1.1 of [2]

- CSl request — 1, 2 or 3 bitsas defined in subclause 7.2.1 of [3]. The 2-hit field applies to UEs configured with no
more than five DL cells and to

- UEsthat are configured with more than one DL cell;
- UEsthat are configured by higher layers with more than one CSI process,

- UEsthat are configured with two CSI measurement sets by higher layers with the parameter csi-
MeasSubframeSet;

the 3-hit field applies to UEs that are configured with more than five DL cells;
otherwise the 1-bit field applies.
- SRSrequest — 2 hits as defined in subclause 8.2 of [3].

- Partial PUSCH Mode - 2 bits as specified in Table 5.3.3.1.1A-3. Thisfield isonly present when
partial PUSCHmode is configured by higher layer.

- PUSCH starting position — 2 bits
- asgpecified in Table 5.3.3.1.1A-2 if the 'Partial PUSCH Mode field indicates Partial PUSCH Mode 2;
- asgspecified in Table 5.3.3.1.1A-1 otherwise.

- PUSCH ending symbol — 1 bit, where

- if the'Partial PUSCH Mode' field indicates Partial PUSCH Mode 3, value 0 indicates symbol 6 of the
subframe, and value 1 indicates symbol 3 of the subframe.

- otherwise value 0 indicates the last symbol of the subframe and value 1 indicates the second to last symbol of
the subframe.

- Channel Accesstype— 1 bit as defined in subclause 4.2 of [8].
- Channel Access Priority Class— 2 bits as defined in subclause 4.2 of [8].

In addition, for transport block 1:
- Modulation and coding scheme and redundancy version — 5 hits as defined in subclause 8.6 of [3].
- New dataindicator — 1 bit.

In addition, for transport block 2:
- Modulation and coding scheme and redundancy version — 5 hits as defined in subclause 8.6 of [3].
- New dataindicator — 1 bit.

Precoding information and number of layers: number of bits as specified in Table 5.3.3.1.8-1. Bit field as shown in
Table5.3.3.1.8-2 and Table 5.3.3.1.8- 3. Note that TPMI for 2 antenna ports indicates which codebook index isto be
used in Table 5.3.3A.2-1 of [2], and TPMI for 4 antenna ports indicates which codebook index isto be used in Table
5.3.3A.2-2, Table 5.3.3A.2-3, Table 5.3.3A.2-4 and Table 5.3.3A.2-5 of [2]. If both transport blocks are enabled,
transport block 1 is mapped to codeword 0; and transport block 2 is mapped to codeword 1. In case one of the transport
blocks is disabled, the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2. For asingle
enabled codeword, indices 24 to 39 in Table 5.3.3.1.8-3 are only supported for retransmission of the corresponding
transport block if that transport block has previously been transmitted using two layers.

If the format 4A is used for indicating AUL-DFI to a UE that is activated with AUL transmission, all the remaining
fields are set as follows:
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HARQ-ACK bitmap — 32 bits.
TPC command — 2 bits as defined in subclause 5.1.1.1 of [3].

Precoding information: number of bits as specified in Table 5.3.3.1.8-1. Bit field as shown in Table 5.3.3.1.8-2
and Table 5.3.3.1.8- 3. Note that TPMI for 2 antenna ports indicates which codebook index isto be used in Table
5.3.3A.2-1 of [2], and TPMI for 4 antenna ports indicates which codebook index isto be used in Table 5.3.3A.2-
2, Table5.3.3A.2-3, Table 5.3.3A.2-4 and Table 5.3.3A.2-5 of [2]. If both transport blocks are enabled, transport
block 1 is mapped to codeword 0; and transport block 2 is mapped to codeword 1. In case one of the transport
blocksis disabled, the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2. For a
single enabled codeword, indices 24 to 39 in Table 5.3.3.1.8-3 are only supported for retransmission of the
corresponding transport block if that transport block has previoudy been transmitted using two layers.

All the remaining bitsin format 4A are set to zero.

If the number of information bitsin format 4A is equal to the payload size for DCI format 1, 2, 2A, 2B, 2C or 2D
associated with the configured DL transmission mode in the same serving cell, one zero bit shall be appended to format

4A.

5.3.3.1.8B Format 4B

DCI format 4B is used for the scheduling of PUSCH with multi-antenna port transmission mode in each of multiple
subframesinaLAA SCell.

The following information is transmitted by means of the DCI format 4B:

Carrier indicator — 0 or 3 bits. Thefield is present according to the definitionsin [3].

PUSCH trigger A — 1 bit, where value 0 indicates non-triggered scheduling and value 1 indicates triggered
scheduling as defined in subclause 8.0 of [3].

Timing offset — 4 bits as defined in subclause 8.0 of [3].
- When the PUSCH trigger A isset to O,

- Thefield indicates the absolute timing offset for the PUSCH transmission.
- Otherwise,

- Thefirst two bits of the field indicate the timing offset, relative to the UL offset | as defined in clause 13A
of [3], for the PUSCH transmission.

- Thelast two bits of the field indicate the time window within which the scheduling of PUSCH via
triggered scheduling is valid.

Number of scheduled subframes— 1 or 2 bits. The 1-bit field applies when maxNumber Of SchedSubframes-
Format4B-r14 is configured by higher layers to two, otherwise the 2-bit field applies.

Resource block assignment — 5 or 6 bits provide the resource allocation in the UL subframe as defined in
subclause 8.1.4 of [3].

HARQ process number — 4 bits. The 4-bit appliesto the first scheduled subframe, and the HARQ process
numbers for other scheduled subframes are defined in subclause 8.0 of [3].

Redundancy version — maxNumber Of SchedSubframes-Format4B-r 14 bits. Each scheduled PUSCH corresponds
to 1 bit as defined in subclause 8.6.1 of [3]. Redundancy version is common for both transport blocks.

TPC command for scheduled PUSCH — 2 bits as defined in subclause 5.1.1.1 of [3].
Cyclic shift for DM RS and OCC index — 3 bits as defined in subclause 5.5.2.1.1 of [2].

CSl request — 1, 2 or 3 hits as defined in subclause 7.2.1 of [3]. The 2-bit field applies to UEs configured with no
more than five DL cells and to

- UEsthat are configured with more than one DL cell;
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- UEsthat are configured by higher layers with more than one CSl process;

- UEsthat are configured with two CSl measurement sets by higher layers with the parameter csi-
MeasSubframeSet;

the 3-bit field applies to UEs that are configured with more than five DL cells;
otherwise the 1-hit field applies.
- SRSrequest — 2 bits as defined in subclause 8.2 of [3].

- Partial PUSCH Mode 1 — 1 bit only present if partial PUSCHmodel is configured by higher layer, and applicable
to each of the scheduled subframe(s), except for the first scheduled subframe in case the 'Partial PUSCH Mode 2'
field isvalue 1 and the last scheduled subframe in case the 'Partial PUSCH Mode 3 field isvalue 1, where

- vaue 0 indicates the starting position of the PUSCH is determined following Partial PUSCH Mode 0 as
defined in Table 5.3.3.1.1A-3;

- vaue 1 indicates the starting position of the PUSCH of the first transmitted subframe is determined following
Partial PUSCH Mode 1 as defined in Table 5.3.3.1.1A-3.

- Partial PUSCH Mode 2 — 1 bit. Thisfield isonly present if partial PUSCHmode2 is configured by higher layer,
and applicable to only the first scheduled subframe.

- Partidl PUSCH Mode 3— 1 hit. Thisfield isonly present if partial PUSCHmode3 is configured by higher layer,
and applicable to only the last scheduled subframe.

- PUSCH starting position — 2 bits

- asgpecified in Table 5.3.3.1.1A-2 applicable to only the first scheduled subframe, if the 'Partial PUSCH
Mode 2' field isvalue 1;

- asspecified in Table 5.3.3.1.1A-1 applicable to only the first scheduled subframe otherwise.
- PUSCH ending symbol — 1 bit, where

- if the'Partial PUSCH Mode 3'isvalue 1, value 0 indicates symbol 6 of the last scheduled subframe, and
value 1 indicates symbol 3 of the last scheduled subframe;

- otherwise value 0 indicates the last symbol of the last scheduled subframe and value 1 indicates the second to
last symbol of the last scheduled subframe.

- Channel Accesstype — 1 bit as defined in subclause 4.2 of [8].
- Channel Access Priority Class — 2 bits as defined in subclause 4.2 of [8].
In addition, for transport block 1:
- Modulation and coding scheme and redundancy version — 5 hits as defined in subclause 8.6 of [3].

- New data indicator — maxNumber Of SchedSubframes-Format4B-r 14 bits. Each scheduled PUSCH corresponds to
1 hit.

In addition, for transport block 2:
- Modulation and coding scheme and redundancy version — 5 hits as defined in subclause 8.6 of [3].

- New data indicator — maxNumber Of SchedSubframes-Format4B-r 14 bits. Each scheduled PUSCH corresponds to
1 hit.

Precoding information and number of layers: number of bits as specified in Table 5.3.3.1.8-1. Bit field as shown in
Table5.3.3.1.8-2 and Table 5.3.3.1.8- 3. Note that TPMI for 2 antenna ports indicates which codebook index isto be
used in Table 5.3.3A.2-1 of [2], and TPMI for 4 antenna ports indicates which codebook index isto be used in Table
5.3.3A.2-2, Table 5.3.3A.2-3, Table 5.3.3A.2-4 and Table 5.3.3A.2-5 of [2]. If both transport blocks are enabled,
transport block 1 is mapped to codeword 0; and transport block 2 is mapped to codeword 1. In case one of the transport
blocksis disabled, the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2. For asingle
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enabled codeword, indices 24 to 39 in Table 5.3.3.1.8-3 are only supported for retransmission of the corresponding
transport block if that transport block has previously been transmitted using two layers.

If the number of information bitsin format 4B is equal to the payload size for DCI format 1, 2, 2A, 2B, 2C or 2D
associated with the configured DL transmission mode in the same serving cell, one zero bit shall be appended to format
4B.

5.3.3.1.9 Format 5

DCI format 5 is used for the scheduling of PSCCH, and a so contains several SCI format O fields used for the
scheduling of PSSCH.

The following information is transmitted by means of the DCI format 5:
- Resource for PSCCH — 6 bits as defined in subclause 14.2.1 of [3]
-TPC command for PSCCH and PSSCH — 1 bit as defined in subclauses 14.2.1 and 14.1.1 of [3]
- SCI format O fields according to 5.4.3.1.1:
- Frequency hopping flag
- Resource block assignment and hopping resource allocation
- Time resource pattern

If the number of information bitsin format 5 mapped onto a given search space is less than the payload size of format 0
for scheduling the same serving cell, zeros shall be appended to format 5 until the payload size equals that of format 0
including any padding bits appended to format O.

5.3.3.1.9A Format 5A

DCI format 5A is used for the scheduling of PSCCH, and also contains several SCI format 1 fields used for the
scheduling of PSSCH.

The following information is transmitted by means of the DCI format 5A:
- Carrier indicator —3 hits. Thisfield is present according to the definitionsin [3].
- Lowest index of the subchannel allocation to the initial transmission - (Iogz(N;Lbchzinnel )-‘ bits as defined in
subclause 14.1.1.4C of [3].
- SCI format 1 fields according to 5.4.3.1.2:
- Freguency resource location of initia transmission and retransmission.

- Time gap between initial transmission and retransmission.

SL index — 2 bits as defined in subclause 14.2.1 of [3] (thisfield is present only for cases with TDD operation
with uplink-downlink configuration 0-6).

When the format 5A CRC is scrambled with SL-SPS-V-RNTI, the following fields are present:
- SL SPS configuration index — 3 bits as defined in subclause 14.2.1 of [3].
- Activation/release indication — 1 bit as defined in subclause 14.2.1 of [3].

If the number of information bitsin format 5A mapped onto a given search space is less than the payload size of format
0 mapped onto the same search space, zeros shall be appended to format 5A until the payload size equals that of format
0 including any padding bits appended to format 0.

If the format 5A CRC is scrambled by SL-V-RNTI and if the number of information bits in format 5A mapped onto a
given search space is less than the payload size of format 5A with CRC scrambled by SL-SPS-V-RNTI mapped onto
the same search space and format 0 is not defined on the same search space, zeros shall be appended to format 5A until
the payload size equal s that of format 5A with CRC scrambled by SL-SPS-V-RNTI.
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5.3.3.1.10 Format 6-0A

DCI format 6-0A is used for the scheduling of PUSCH in one UL cell, and for the indication of ACK feedback.

The following information is transmitted by means of the DCI format 6-0A:

Flag format 6-0A/format 6-1A differentiation — 1 bit, where value 0 indicates format 6-0OA and value 1 indicates
format 6-1A

Frequency hopping flag — 1 bit, where value O indicates frequency hopping is not enabled and value 1 indicates
frequency hopping is enabled as defined in subclause 5.3.4 of [2]

Number of resource units— 2 bits, where value '00' indicates the format 6-0A DCI uses PRB resource allocation,
otherwise the DCI format 6-0A uses sub-PRB resource alocation as defined in subclause 8.x of [3]. Thisfieldis
present when the possibility to use sub-PRB resource alocation is enabled by higher layers and the DCI is
mapped onto the UE-specific search space given by the C-RNTI as defined in [3]

Resource block assignment —

If the format 6-0A DCI uses sub-PRB resource allocation:

UL
- {Iog{ NEB ﬂ +6 bits for PUSCH as defined in [3]

UL
- {IOQ{N—EBH MSB bits provide the narrowband index as defined in subclause 5.2.4 of [2]

- 6 bits provide the resource allocation within the indicated narrowband using UL resource allocation
type 5 as defined in subclause 8.1.6 of [3]

Elseif flexible starting PRB for PUSCH resource alocation is enabled by higher layerswith N3 equal to

UL UL
NS, {Iog{ NgB ﬂ +6 bits for FDD PUSCH and {Iog{ NgB ﬂ +5 bits for TDD PUSCH provide the

resource alocation using UL resource allocation type 0 as defined in subclause 8.1.1 of [3]

UL
Otherwise, {Iog{ NgB ﬂ +5 bits for PUSCH as defined in [3]:

- If the 5 LSB bitsindicate a value not larger than 20

UL
- {IOQ{N—EBH MSB bits provide the narrowband index as defined in subclause 5.2.4 of [2]

- 5bits provide the resource alocation using UL resource allocation type 0 within the indicated
narrowband

- Otherwise,

UL
- {Iog{ NgB ﬂ +5 bits provide the resource allocation using UL resource allocation type 4 as defined

in subclause 8.1.5 of| 3]

Modulation and coding scheme — 3 or 4 bits as defined in subclause 8.6 of [3] . The 3-bit field applies when the
format 6-0A DCI uses sub-PRB resource allocation, otherwise the 4-bit field applies.

Repetition number — 2 or 3 bits as defined in subclause 8.0 of [3]. The 3-hit field applies when ce-pdsch-
puschEnhancement-config is configured by higher layers, otherwise the 2-bit field applies.
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HARQ process number — 3 bits

New data indicator — 1 bit

Redundancy version — 2 bits

TPC command for scheduled PUSCH — 2 bits as defined in subclause 5.1.1.1 of [3]

UL index — 2 bits as defined in subclauses 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (thisfield is present only for TDD
operation with uplink-downlink configuration O)

Downlink Assignment Index (DAI) — 2 bits as defined in subclause 7.3 of [3] (Thisfield is present only for cases
with TDD primary cell and either TDD operation with uplink-downlink configurations 1-6 or FDD operation.
Thisfield is reserved when the configured maximum repetition number is larger than 1 for MPDCCH, or when
the higher layer parameter csi-NumRepetitionCE-r 13 indicates more than one subframe)

CSl request — 1 hit as defined in subclause 7.2.1 of [3]. Thisfield is reserved if the format 6-0A DCI uses sub-
PRB resource allocation.

SRS request —1 hit. Theinterpretation of thisfield is provided in subclause 8.2 of [3]
DCI subframe repetition number — 2 bits as defined in subclause 9.1.5 of [3]

Modulation order override — 1 bit as defined in subclause 8.6.1 of [3]. Thisfield is only present when ce-pdsch-
puschEnhancement-config is configured by higher layers

If the Resource block assignment in format 6-0A is set to al ones, format 6-0A is used for the indication of ACK
feedback, and all the remaining bits except Flag format 6-0A/format 6-1A differentiation and DCI subframe repetition
number are set to zero.

If the number of information bitsin format 6-0A mapped onto a given search space isless than the payload size of
format 6-1A for scheduling the same serving cell and mapped onto the same search space (including any padding bits
appended to format 6-1A), zeros shall be appended to format 6-0A until the payload size equals that of format 6-1A.

5.3.3.1.11 Format 6-0B
DCI format 6-0B is used for the scheduling of PUSCH in one UL cell, and for the indication of ACK feedback.

The following information is transmitted by means of the DCI format 6-0B:

Flag for format 6-0B/format 6-1B differentiation — 1 bit, where value O indicates format 6-0B and value 1
indicates format 6-1B

Flag for sub-PRB resource alocation — 1 bit, where value 1 indicates the format 6-0B DCI uses sub-PRB
resource allocation and value O indicates the format 6-0B DCI does not use sub-PRB resource allocation. This
field is present when the possibility to use sub-PRB resource alocation is enabled by higher layers and the DCI
is mapped onto the UE-specific search space given by the C-RNTI as defined in [3].

Resource block assignment —
- If theflag for sub-PRB resource alocation is set to 1:

UL
- |10g,| NRE || +4 bits for PUSCH as defined in [3]
2 6

UL
- {Iog{ NgB ﬂ MSB bits provide the narrowband index as defined in subclause 5.2.4 of [2]

- 4 bits provide the resource allocation within the indicated narrowband using UL resource allocation type 5 as

UL
defined in subclause 8.1.6 of [3]- Otherwise, |V|Og{N—gBﬂ +3 bitsfor PUSCH as defined in [3]:
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UL
- {Iog{ NgB ﬂ MSB bits provide the narrowband index as defined in subclause 5.2.4 of [2]

- 3 bits provide the resource alocation within the indicated narrowband as specified in subclause 8.1.3 of

(3]

- Modulation and coding scheme — 3 or 4 bits as defined in subclause 8.6 of [3]. The 3-bit field applies when the
flag for sub-PRB resource alocation is present and set to 1, otherwise the 4-bit field applies.

- Number of resource units— 1 bit as defined in subclause 8.x of [3]. Thisfield is present when the flag for sub-
PRB resource allocation is present, and is reserved when the flag for sub-PRB resource alocation is set to 0.

- Repetition number — 3 bits as defined in subclause 8.0 of [3]

- HARQ process number — 1 bit

- New dataindicator — 1 bit

- DCI subframe repetition number — 2 bits as defined in subclause 9.1.5 of [3]

If the Modulation and coding scheme in format 6-0B is 4 bits and set to all ones, format 6-0B is used for the indication
of ACK feedback, and all the remaining bits except Flag for format 6-0B/format 6-1B differentiation and DCI subframe
repetition number are set to zero.

If the number of information bits in format 6-0B mapped onto a given search space is less than the payload size of
format 6-1B for scheduling the same serving cell and mapped onto the same search space (including any padding bits
appended to format 6-1B), zeros shall be appended to format 6-0B until the payload size equals that of format 6-1B.

5.3.3.1.12 Format 6-1A

DCI format 6-1A is used for the compact scheduling of one PDSCH codeword in one cell, random access procedure
initiated by a PDCCH order, and notifying SC-MCCH change. The DCI corresponding to a PDCCH order can be
carried by MPDCCH.

The following information is transmitted by means of the DCI format 6-1A:

- Flag format 6-0A/format 6-1A differentiation — 1 bit, where value O indicates format 6-0A and value 1 indicates
format 6-1A

Format 6-1A is used for random access procedure initiated by a PDCCH order only if format 6-1A CRC is
scrambled with C-RNTI and al the remaining fields are set as follows:

DL
NgB ﬂ +5 bits, where all bits shall be set to 1

Resource block assignment — {Iog{

- Preamble Index — 6 bits
- PRACH Mask Index — 4 hits, [5]
- Starting CE level — 2 bits provide the PRACH starting CE level as defined in [5]

- All the remaining bitsin format 6-1A for compact scheduling assignment of one PDSCH codeword are set to
zero

Otherwise,

- Freguency hopping flag — 1 bit, where value 0 indicates frequency hopping is not enabled and value 1 indicates
frequency hopping is enabled as defined in subclause 6.4.1 of [2]. If the UE is configured with 64QAM for
PDSCH and the repetition number field indicates no PDSCH repetition, thisfield isthe MSB bit of the extended
Modulation and coding scheme field, as specified in Table 7.1.7.1-1 of [3].
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- Resource block assignment flag — 1 bit. Thisfield is only present when the higher layer parameter ce-pdsch-
maxBandwidth-config is configured and set to 20 MHz and the DCI is mapped onto the UE-specific search space
given by the C-RNTI as defined in [3].

- Resource block assignment —

- If ce-pdsch-maxBandwidth-config is set to 5 MHz or mpdcch-PDSCH-MaxBandwidth-SC-MTCH is set to 24
PRBs or the resource block assignment flag is set to 1, and the DCI is mapped onto the UE-specific search
space given by the C-RNTI as defined in [3],

DL
If Nps > 25, {Iog{ NgB H+8 bits for PDSCH as defined in [3]:

N DL
- {Iog{ gB H MSB bits provide the starting narrowband index as defined in subclause 6.2.7 of [2]

- 3 bit bitmap provides additional allocated narrowbands among the three narrowbands following the
starting narrowband. The order of the bitmap to narrowband index mapping is such that the first
narrowband after the starting narrowband to the third narrowband after the starting narrowband are
mapped to MSB to LSB of the bitmap.

- 5 bits provide the same resource allocation using DL resource allocation type 2 within each of the
allocated narrowbands.

NDL
- Elseif 6< N <25, {%J + 5 bits for PDSCH as defined below:

N DL
L%J MSB bits provide a bitmap of allocated narrowbands. The order of the bitmap to

N DL
narrowband index mapping is such that narrowband index Oto {%J —1 are mapped to MSB to

LSB of the bitmap.

- 5 bits provide the same resource allocation using DL resource allocation type 2 within each of the
allocated narrowbands

- Otherwise, 5 bitsfor PDSCH as defined below:
- 5 bits provide resource allocation using DL resource allocation type 2
- Elseif theresource block assignment flag is set to O:
DL
- S bits provide the RBG bitmap as defined in subclause 7.1.6.1 of [3], where S= 9 if
DL .
Ngg > 75 and S= 6 otherwise

- Reserved information bits are added until the size is equal to the size of the resource block assignment
with resource block assignment flag isset to 1

DL
- Otherwise, {Iog{ NgB ﬂ +5 bitsfor PDSCH as defined in [3]:
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DL
- {Iog{ NgB ﬂ MSB bits provide the narrowband index as defined in subclause 6.2.7 of [2]

- 5bits provide the resource allocation using DL resource allocation type 2 within the indicated
narrowband

- Modulation and coding scheme — 4 bits as defined in subclause 7.1.7 of [3]
- Repetition number — 2 bits as defined in subclause 7.1.11 of [3]

- HARQ process number — 3 bits (for cases with FDD primary cell), 4 bits (for cases with TDD primary cell, or
for cases with FDD primary cell when ce-pdsch-tenProcesses-config is configured by higher layers and the DCI
is mapped onto the UE-specific search space given by the C-RNTI as defined in [3]). Thisfield is not present
when the format 6-1A CRC is scrambled with G-RNTI.

- New dataindicator — 1 bit. Thisfield is not present when the format 6-1A CRC is scrambled with G-RNTI.
- Redundancy version — 2 bits

- TPC command for PUCCH — 2 bits as defined in subclause 5.1.2.1 of [3] . Thisfield is not present when the
format 6-1A CRC is scrambled with G-RNTI.

- If theformat 6-1A CRCis scrambled by RA-RNTI:

- Themost significant bit of the TPC command is reserved.
- Theleast significant bit of the TPC command indicates column N3sg of the TBS table defined of [3].
- If least significant bit isO then Nigg = 2 else N3ag = 3.

- Else

- Thetwo bitsincluding the most significant bit indicate the TPC command

- Downlink Assignment Index — number of bits as specified in Table 5.3.3.1.2-2. Thisfield is reserved when the
configured maximum repetition number islarger than 1 for MPDCCH, and not present when the format 6-1A
CRC is scrambled with G-RNTI, or when the higher layer parameter csi-NumRepetitionCE-r13 indicates more
than one subframe.

- Antennaport(s) and scrambling identity — 2 bits indicating the values 0 to 3, as specified in Table 5.3.3.1.5C-1.
Thisfield is present only if PDSCH transmission is configured with TM9 for DCI formats scheduling PDSCH
which are mapped onto the UE specific search space given by the C-RNTI as defined in [3].

- SRSrequest —1 bit. The interpretation of this field is provided in subclause 8.2 of [3]
- TPMI information for precoding — number of bits as specified in Table 5.3.3.1.3A-1.

- TPMI information indicates which codebook index isused in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [2]
corresponding to the single-layer transmission. Thisfield is present only if PDSCH transmission is
configured with TM6 for DCI formats scheduling PDSCH which are mapped onto the UE specific search
space given by the C-RNTI as defined in [3].

- PMI confirmation for precoding — 1 bit as specified in Table 5.3.3.1.3A-2. Thisfield is present only if PDSCH
transmission is configured with TM6 for DCI formats scheduling PDSCH which are mapped onto the UE
specific search space given by the C-RNTI asdefined in [3].

- HARQ-ACK resource offset — 0 or 2 bits as defined in subclause 10.1 of [3] (thisfield is 0 bitsif Information for
SC-MCCH change notification is present)

- Information for SC-MCCH change notification — 2 bits as defined in subclause 5.8a of [6] (thisfield is present if
the format 6-1A CRC is scrambled with G-RNTI)

- DCI subframe repetition number — 0 or 2 bits as defined in subclause 9.1.5 of [3] (thisfield is 0 bitsif Transport
blocksin abundle is present)
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- Transport blocksin abundle — 2 bits as defined in subclause 7.3.1 of [3] (thisfield is present when higher layer
parameter ce-HargAckBundling-config is configured and the DCI is mapped onto the UE-specific search space
given by the C-RNTI as defined in [3])

- HARQ-ACK bundling flag — 1 bit, where value 0 indicates HARQ-ACK bundling is not enabled and value 1
indicates HARQ-ACK bundling is enabled as defined in subclause 7.3 of [3]. Thisfield is only present when the
higher layer parameter ce-HargAckBundling-config is configured and the DCI is mapped onto the UE-specific
search space given by the C-RNTI as defined in [3].

- HARQ-ACK delay — 3 hitsas defined in 7.3 of [3]. Thisfield isonly present when the higher layer parameter ce-
schedulingEnhancement-config or ce-HargAckBundling-config is configured and the DCI is mapped onto the
UE-specific search space given by the C-RNTI asdefined in [3].

When the format 6-1A CRC is scrambled with a RA-RNTI, then the following fields among the fields above are
reserved:

- HARQ process number

- New dataindicator

- Downlink Assignment Index
- HARQ-ACK resource offset

If the UE is not configured to decode MPDCCH with CRC scrambled by the C-RNTI and the format 6-1A CRC is not
scrambled with a G-RNTI, and the number of information bitsin format 6-1A isless than that of format 6-0A, zeros
shall be appended to format 6-1A until the payload size equals that of format 6-0A.

If the UE is configured to decode MPDCCH with CRC scrambled by the C-RNTI and the format 6-1A CRC is not
scrambled with a G-RNTI, and the number of information bitsin format 6-1A mapped onto a given search space isless
than that of format 6-0A for scheduling the same serving cell and mapped onto the same search space, zeros shall be
appended to format 6-1A until the payload size equals that of format 6-0A.

5.3.3.1.13 Format 6-1B
DCI format 6-1B is used for the scheduling of one PDSCH codeword in one cell and notifying SC-MCCH change.
The following information is transmitted by means of the DCI format 6-1B:

- Flag for format 6-0B/format 6-1B differentiation — 1 bit, where value O indicates format 6-0B and value 1
indicates format 6-1B

Format 6-1B is used for random access procedure initiated by a PDCCH order only if format 6-1B CRC is
scrambled with C-RNTI and all the remaining fields are set as follows:

DL
- Reserved bits— {Iogz{ NgB ﬂ +2 bits, where all bits shall be set to 1

- Preamble Index — 6 bits
- PRACH Mask Index — 4 bits[5]
- Starting CE level — 2 bits provide the PRACH starting CE level as defined in [5]

- All the remaining bitsin format 6-1B for compact scheduling assignment of one PDSCH codeword are set to
zero

Otherwise,
- Modulation and coding scheme — 4 bits as defined in subclause 7.1.7 of [3]
- Resource block assignment —

- If ce-pdsch-maxBandwidth-config is set to 5 MHz or mpdcch-PDSCH-MaxBandwidth-SC-MTCH is set to 24
PRBs,
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DL
If Nps > 25, {Iog{ N H+4 bits for PDSCH as defined in [3]:

24

NDL
{Iog{ ZZB H MSB bits provide the wideband index as defined in subclause 6.2.7 of [2]

- 4 bits provide a narrowband bitmap for resource allocation within the indicated wideband

N DL
- Otherwise, { gB J bits for PDSCH as defined below:

DL
- if L%J =1, 1 bit provides the resource allocation within the narrowband, where value 0 indicates

RBswith PRB index {0, 1, 2, 3} and value 1 indicates that all 6 PRBs are used.

N DL
- Otherwise, L GRB J bits provide allocated narrowbands

- Elseif ce-pdsch-maxBandwidth-config is set to 20 MHz,

DL

- If N& >50, {Iog{ I\;T ﬂ+5 bits for PDSCH as defined in [3]:

N DL
{Iogz{ ZZB H +1 bits provide a wideband combination index as defined in subclause 7.1.6 of [3]

- 4 bits provide a narrowband bitmap for resource allocation within each indicated wideband

DL
- Otherwise, {%J bits for PDSCH as defined in [3]:

DL
- f L%J =1, 1 hit provides the resource allocation within the narrowband, where value 0 indicates

RBswith PRB index {0, 1, 2, 3} and value 1 indicates that all 6 PRBs are used.

DL
- Otherwise, L gB J bits provide a narrowband bitmap for resource allocation

DL
- Otherwise, {Iog{ NgB ﬂ +1 bits for PDSCH as defined in [3]:

DL
- {Iog{ NgB ﬂ MSB bits provide the narrowband index as defined in subclause 6.2.7 of [2]

- 1 bit provides the resource alocation within the indicated narrowband, where value 0 indicates RBs with
PRB index {0, 1, 2, 3} and value 1 indicates that all 6 PRBs are used.

- Repetition number — 3 bits as defined in subclause 7.1.11 of [3]

- HARQ process number — 1 bit. Thisfield is not present when the format 6-1B CRC is scrambled with G-RNTI.
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- New dataindicator — 1 bit. Thisfield is not present when the format 6-1B CRC is scrambled with G-RNTI.

- HARQ-ACK resource offset — 0 or 2 bits as defined in subclause 10.1 of [3] (thisfield is 0 bitsif Information for
SC-MCCH change notification is present)

- Information for SC-MCCH change notification — 2 bits as defined in subclause 5.8a of [6] (thisfield is present if
the format 6-1B CRC is scrambled with G-RNTI)

- DCI subframe repetition number —2 bits as defined in subclause 9.1.5 of [3]

When the format 6-1B CRC is scrambled with a RA-RNTI then the following fields among the fields above are
reserved:

- HARQ process number
- New dataindicator
- HARQ-ACK resource offset

If the UE is not configured to decode MPDCCH with CRC scrambled by the C-RNTI and the format 6-1B CRC is not
scrambled with a G-RNTI, and the number of information bitsin format 6-1B isless than that of format 6-0B, zeros
shall be appended to format 6-1B until the payload size equals that of format 6-0B.

If the UE is configured to decode MPDCCH with CRC scrambled by the C-RNTI and the format 6-1B CRC is not
scrambled with a G-RNTI, and the number of information bits in format 6-1B mapped onto a given search space isless
than that of format 6-0B for scheduling the same serving cell and mapped onto the same search space, zeros shall be
appended to format 6-1B until the payload size equals that of format 6-0B.

5.3.3.1.14 Format 6-2

DCI format 6-2 is used for paging, direct indication, scheduling of one PDSCH codeword carrying SC-MCCH in one
cell, and notifying SC-MCCH change.

The following information is transmitted by means of the DCI format 6-2:
- If theformat 6-2 CRC is scrambled by P-RNTI:

- Flag for paging/direct indication differentiation — 1 bit, with value O for direct indication and value 1 for
paging

- Elseif theformat 6-2 CRC is scrambled by a SC-RNTI:
- Information for SC-MCCH change notification — 1 bit as defined in subclause 5.8a of [6]
- If theformat 6-2 CRC is scrambled by P-RNTI and Flag=0:

- Direct Indication information — 8 bits provide direct indication of system information update and other fields,
asdefined in [6]

- Reserved information bits are added until the sizeis equal to that of format 6-2 with Flag=1

- If theformat 6-2 CRC is scrambled by P-RNTI and Flag=1, or if the format 6-2 CRC is scrambled by SC-RNTI:

DL
Resource block assignment — {Iog{ NgB J bits for the narrowband index as defined in subclause 7.1.6 of

(3]
- Modulation and coding scheme — 3 bits as defined in subclause 7.1.7 of [3]
- Repetition number — 3 bits as defined in subclause 7.1.11 of [3]

- DCI subframe repetition number — 2 bits as defined in subclause 9.1.5 of [3]
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5.3.3.1.15 Format 7-0A
DCI format 7-0A is used for the scheduling of PUSCH with dot or subslot duration in one UL cell.
The following information is transmitted by means of the DCI format 7-0A:

- Flagfor UL/DL differentiation — 1 bit, where value O indicates format 7-OA and value 1 indicates format 7-
1A/B/CID/E/FIG depending on the configured downlink transmission mode

- Resource block assignment — (“ 09, ((Ngg /4—HNF§J§ /4—‘+ D/ 2)—‘ ) bits provide the resource allocation in
the UL dot or subslot as defined in subclause 8.1.1 of [3]

- Modulation and coding scheme — 5 bits as defined in subclause 8.6 of [3]

- HARQ process number — 4 bits

- New dataindicator — 1 bit

- Redundancy version — 2 bits

- TPC command for scheduled PUSCH — 2 hits as defined in subclause 5.1.1.1 of [3]

- DMRS pattern — 2 hits as defined in subclause 5.5.2.1.2 in [2] (The field is present only for PUSCH with subslot
duration)

- Cyclic shift for DMRS and IFDMA configuration — 1 bit as defined in subclause 5.5.2.1.1 of [2]

- UL index — 2 bits as defined in subclauses 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (thisfield is present only for TDD
operation with uplink-downlink configuration 0, or TDD operation with uplink-downlink configuration 6 and
special subframe configuration 0, 5, 9 or 10)

- Downlink Assignment Index (DAI) — 2 bits as defined in subclause 7.3 of [3] (thisfield is present only for cases
with TDD primary cell and either TDD operation with uplink-downlink configurations 1-6 or FDD operation)

- CSl request — 1, 2 or 3 hits as defined in subclause 7.2.1 of [3]:
The 2-bit field applies to UEs configured with no more than five DL cells and to
- UEsthat are configured with more than one DL cell;
- UEsthat are configured by higher layers with more than one CSl process;

- UEsthat are configured with two CSl measurement sets by higher layers with the parameter csi-
MeasSubframeSet;

the 3-hit field appliesto UEs that are configured with more than five DL cells;
otherwise the 1-bit field applies

- SRSrequest — 0 or 1 bit as defined in subclause 8.2 of [3] (thisfield is present only for TDD operation, if the UE
has indicated the capability srs-DCI7-Triggering-FS2-r15 and the UE is configured with higher layer parameter
srs-DCI7-TriggeringConfig-r15)

- Betaoffet indicator — 1 bit as defined in subclause 8.6.3 of [3] (thisfield is present only if UE is configured with
ul-TTI-Length=subslot).

- Cyclic Shift Field mapping table for DMRS — 1 bit as defined in subclause 5.5.2.1.1 of [2].

If the number of information bitsin format 7-0A mapped onto a given search space isless than the payload size of
format 7-1A/B/C/D/E/F/G depending on the configured downlink transmission mode for scheduling the same serving
cell and mapped onto the same search space (including any padding bits appended to format 7-1A/B/C/D/E/FIG), zeros
shall be appended to format 7-0A until the payload size equals that of format 7-1A/B/C/D/E/FIG.

If the number of information bitsin format 7-OA carried by PDCCH is egual to the payload size of a configured format
0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4 mapped onto the UE specific search space given by C-RNTI or SPS C-RNTI as
defined in [3] (including any padding bits appended to format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4), one or more zero
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bit(s) shall be appended to format 7-0A until the payload sizeis not equal to that of a configured format
0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4.

5.3.3.1.16 Format 7-0B

DCI format 7-0B is used for the scheduling of PUSCH with slot or subslot duration in one UL cell with multi-antenna
port transmission mode.

The following information is transmitted by means of the DCI format 7-0B:

Flag for UL/DL differentiation — 1 bit, where value 0 indicates format 7-0B and value 1 indicates format 7-
1A/B/C/D/E/FIG depending on the configured downlink transmission mode

Resource block assignment — (lrl 09, (’_NFL{J,'; / 4-k|_NFL{J,'3‘ / 4-|+ D/ 2)-| ) bits provide the resource allocation in
the UL dot or subslot as defined in subclause 8.1.1 of [3]

Modulation and coding scheme — 5 bits as defined in subclause 8.6 of [3]

HARQ process number — 4 bits

New data indicator — 1 bit

Redundancy version — 2 bits

TPC command for scheduled PUSCH — 2 bits as defined in subclause 5.1.1.1 of [3]

DMRS pattern — 2 bits as defined in subclause 5.5.2.1.2 in [2] (Thefield is present only for PUSCH with subd ot
duration)

Cyclic shift for DMRS and IFDMA configuration — 1 bit as defined in subclause 5.5.2.1.1 of [2]

UL index — 2 bits as defined in subclauses 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (thisfield is present only for TDD
operation with uplink-downlink configuration O, or TDD operation with uplink-downlink configuration 6 and
special subframe configuration 0, 5, 9 or 10)

Downlink Assignment Index (DAI) — 2 bits as defined in subclause 7.3 of [3] (thisfield is present only for cases
with TDD primary cell and either TDD operation with uplink-downlink configurations 1-6 or FDD operation)

CSl request — 1, 2 or 3 bits as defined in subclause 7.2.1 of [3]:

The 2-bit field applies to UEs configured with no more than five DL cellsand to
- UEsthat are configured with more than one DL cell;
- UEsthat are configured by higher layers with more than one CSI process;

- UEsthat are configured with two CSI measurement sets by higher layers with the parameter csi-
MeasSubframeSet;

the 3-bit field appliesto UEs that are configured with more than five DL cells;
otherwise the 1-bit field applies

SRS request — 2 bits as defined in subclause 8.2 of [3] (thisfield is present only for TDD operation, if the UE has
indicated the capability srs-DCI7-Triggering-FS2-r15 and the UE is configured with higher layer parameter srs-
DCI7-TriggeringConfig-r15)

Beta offet indicator — 1 bit as defined in subclause 8.6.3 of [3] (thisfield is present only if UE is configured with
ul-TTI-Length=subslot).

Cyclic Shift Field mapping table for DMRS — 1 bit as defined in subclause 5.5.2.1.1 of [2].

Precoding information and number of layers: number of bits as specified in Table 5.3.3.1.8-1. Bit field are shown
in Table5.3.3.1.16-1 and Table 5.3.3.1.16- 2. Note that TPMI for 2 antenna ports indicates which codebook
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index isto be used in Table 5.3.3A.2-1 of [2], and TPMI for 4 antenna ports indicates which codebook index is
to be used in Table 5.3.3A.2-2, Table 5.3.3A.2-3, Table 5.3.3A.2-4 and Table 5.3.3A.2-5 of [2].

Table 5.3.3.1.16-1: Content of precoding information field for 2 antenna ports

Bit field mapped to index Message
0 1 layer: TPMI=0
1 1 layer: TPMI=1
2 1 layer: TPMI=2
5 1 layer: TPMI=5
6 2 layers: TPMI=0
7 reserved

Table 5.3.3.1.16-2: Content of precoding information field for 4 antenna ports

Bit field mapped to index Message
0 1 layer: TPMI=0
1 1 layer: TPMI=1
23 1 layer: TPMI=23
24 2 layers: TPMI=0
25 2 layers: TPMI=1
39 2 layers: TPMI=15
40 3 layers: TPMI=0
41 3 layers: TPMI=1
51 3 layers: TPMI=11
52 4 layers: TPMI=0
53-63 reserved

If the number of information bitsin format 7-0B mapped onto a given search space is less than the payload size of
format 7-1A/B/C/D/E/F/G depending on the configured downlink transmission mode for scheduling the same serving
cell and mapped onto the same search space (including any padding bits appended to format 7-1A/B/C/D/E/FIG), zeros
shall be appended to format 7-0B until the payload size equals that of format 7-1A/B/C/D/E/F/G.

If the number of information bitsin format 7-0B carried by PDCCH is equal to the payload size of a configured format
0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4 mapped onto the UE specific search space given by C-RNTI or SPS C-RNTI as
defined in [3] (including any padding bits appended to format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4), one or more zero
bit(s) shall be appended to format 7-0B until the payload size is not equal to that of a configured format
0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4.

5.3.3.1.17 Format 7-1A
DCI format 7-1A is used for the scheduling of one PDSCH codeword with slot or subslot duration in one cell.
The following information is transmitted by means of the DCI format 7-1A:

- Flagfor DL/UL differentiation — 1 bit, where value O indicates format 7-0A/B depending on the configured
uplink transmission mode and value 1 indicates the DL DCI format

- For resource allocation type 0 as defined in subclause 7.1.6.1 of [3]:
- LN% / PJbits provide the resource allocation

where the value of P depends on the number of DL resource blocks as indicated in subclause 7.1.6.1 of [3]
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- For resource allocation type 2 as defined in subclause 7.1.6.3 of [3]:
- (I 00, (\_NR'?BL INSY |_NF'3BL INAP J+l)/ 2)—‘ bits provide the resource alocation
- oneadditional bitif N5 =25

where N55 is defined in subclause 7.1.6.3 of [3]

- Modulation and coding scheme — 5 bits as defined in subclause 7.1.7 of [3]. The MSB is set to O when the UE is
configured with blindS otSubd otPD SCH-Repetitions set to TRUE and the repetition number is greater than 1
and the higher layer parameter MCS-restrictionS otSubs otPD SCH-Repetitions is configured to 1.

- HARQ process number — 4 bits

- New dataindicator — 1 bit

- Redundancy version — 2 bits

- TPC command for slot-SPUCCH or subslot-SPUCCH — 2 bits as defined in subclause 5.1.2.1 of [3]
- Downlink Assignment Index — number of bits as specified in Table 5.3.3.1.2-2

- Used/Unused SPDCCH resource indication — 2 hits (Thisfield is present if the DCI is mapped to SPDCCH and
L 1-based reuse indication is configured by higher layers)

- SPUCCH resource indication — 2 bit as defined in subclause 10.1.2 of [3].

- Repetition number — 2 bits as defined in Table 5.3.3.1.17-1, where the number of transmissions for PDSCH is
given by higher layer parameter maximumNumber PDSCH-9 otSubsl otPD SCH-Repetitions for the value of '11'.
Thisfield is present only when the UE is configured with higher layer parameter blindS otSubslotPDSCH-
Repetitions set to TRUE.

Table 5.3.3.1.17-1: Content of repetition number field

Bit field Number of transmissions for PDSCH
00 1
01 2
10 3
11 as configured by higher layers

If the UE is configured to decode SPDCCH CRC scrambled by the C-RNTI and the number of information bitsin
format 7-1A mapped onto a given search space isless than that of format 7-0A/B depending on the configured uplink
transmission mode for scheduling the same serving cell and mapped onto the same search space, zeros shall be
appended to format 7-1A until the payload size equals that of format 7-0A/B, except when format 7-1A assigns
downlink resource on a secondary cell without an uplink configuration associated with the secondary cell.

If the number of information bitsin format 7-1A carried by PDCCH is equal to the payload size of a configured format
0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4 mapped onto the UE specific search space given by C-RNTI or SPS C-RNTI as
defined in [3] (including any padding bits appended to format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4), one or more zero
bit(s) shall be appended to format 7-1A until the payload size is not equal to that of a configured format
0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/A.

5.3.3.1.18 Format 7-1B
DCI format 7-1B is used for the scheduling of one PDSCH codeword with slot or subslot duration in one cell.
The following information is transmitted by means of the DCI format 7-1B:

- Thefields of format 7-1A

- Precoding information —1 bit for transmission with 2 antenna ports and 2 bits for transmission with 4 antenna
ports.
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For transmission with 4 antenna ports, the precoding information field is defined according to Table 5.3.3.1.18-1. For
transmission with 2 antenna ports, the number of transmission layersisequal to 2 if precoding information is 1; transmit
diversity is used if precoding information is 0.

Table 5.3.3.1.18-1: Content of precoding information field for 4 antenna ports

Bit field
mapped to Message
index
0 4 layers: Transmit
diversity
1 2 layers: precoder
cycling with large delay
CDD
2 3 layers: precoder
cycling with large delay
CDD
3 4 layers: precoder
cycling with large delay
CDD

If the UE is configured to decode SPDCCH CRC scrambled by the C-RNTI and the number of information bitsin
format 7-1B mapped onto a given search space is less than that of format 7-0A/B depending on the configured uplink
transmission mode for scheduling the same serving cell and mapped onto the same search space, zeros shall be
appended to format 7-1B until the payload size equals that of format 7-0A/B, except when format 7-1B assigns
downlink resource on a secondary cell without an uplink configuration associated with the secondary cell.

If the number of information bitsin format 7-1B carried by PDCCH is equal to the payload size of a configured format
0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4 mapped onto the UE specific search space given by C-RNTI or SPS C-RNTI as
defined in [3] (including any padding bits appended to format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4), one or more zero
bit(s) shall be appended to format 7-1B until the payload size is not equal to that of a configured format
0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/A.

5.3.3.1.19 Format 7-1C
DCI format 7-1C is used for the scheduling of one PDSCH codeword with slot or subslot duration in one cell.
The following information is transmitted by means of the DCI format 7-1C:

- Thefields of format 7-1A

- Precoding information — 4 bits for 2 antenna ports and 6 bits for 4 antenna ports.

The precoding information field is defined in Table 5.3.3.1.19-1 and Table 5.3.3.1.19-2. Note that TPMI indicates
which codebook index isused in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [2].

Some entriesin Table 5.3.3.1.5-4 and Table 5.3.3.1.5-5 are used for indicating that the eNodeB has applied precoding
according to PMI(s) reported by the UE. In these cases the precoding for the corresponding RB(s) in slot/subslot nis
according to the latest PMI(s) in an aperiodic CSI reported on or before slot n-4 if higher layer parameter ul-TTI-Length
is configured as dot, or subslot n-k if higher layer parameter ul-TTI-Length is configured as subdot, where k is the
minimum processing timing configured in higher layer parameter min-proc-TimelineSubsot. For aperiodic CSl mode 2-
2: Precoding of scheduled resource blocks belonging to the reported preferred M subband(s) use precoder(s) according
to the preferred M subband PMI indicated by the latest aperiodic CSI report; Precoding of scheduled resource blocks
not belonging to the reported preferred M subband(s) use a precoder according to the wideband PMI indicated by the
latest aperiodic CSI report.
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Table 5.3.3.1.19-1: Content of precoding information field for 2 antenna ports

Bit field
mapped to Message
index
0 2 layers: Transmit diversity
1 1 layer: Precoding corresponding to
precoding vector [1 1" /2
2 1 layer: Precoding corresponding to
precoder vector [1 —1]" / V2
3 1 layer: Precoding corresponding to
precoder vector [1 j]T /2
4 1 layer: Precoding corresponding to
precoder vector [1 — j[' 12
5 1 layer:

Precoding according to the latest PMI
report on PUSCH, using the
precoder(s) indicated by the reported
PMI(s),
if RI=2 was reported, using 15t column

multiplied by \/E of all precoders
implied by the reported PMI(s)
6 1 layer:

Precoding according to the latest PMI
report on PUSCH, using the
precoder(s) indicated by the reported
PMI(s),
if RI=2 was reported, using 2" column

multiplied by \/E of all precoders
implied by the reported PMI(s)

7 2 layers: Precoding corresponding to
1(1 1
precoder matrix —
2|11 -
8 2 layers: Precoding corresponding to
111 1
precoder matrix —| . .
21 -
9 2 layers: Precoding according to the

latest PMI report on PUSCH, using the
precoder(s) indicated by the reported
PMI(s)

10~15 reserved
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Table 5.3.3.1.19-2: Content of precoding information field for 4 antenna ports

Bit field
mapped to Message
index
0 4 layers: Transmit diversity
1 1 layer: TPMI=0
2 1 layer: TPMI=1
16 1 layer: TPMI=15
17 1 layer: Precoding according to the
latest PMI report on PUSCH using the
precoder(s) indicated by the reported
PMI(s)
18 2 layers: TPMI=0
19 2 layers: TPMI=1
33 2 layers: TPMI=15
34 2 layers: Precoding according to the
latest PMI report on PUSCH using the
precoder(s) indicated by the reported
PMI(s)
35 3 layers: TPMI=0
36 3 layers: TPMI=1
50 3 layers: TPMI=15
51 3 layers: Precoding according to the
latest PMI report on PUSCH using the
precoder(s) indicated by the reported
PMI(s)
52 4 layers: TPMI=0
53 4 layers: TPMI=1
62 4 layers: TPMI=10
63 4 layers: Precoding according to the
latest PMI report on PUSCH using the
precoder(s) indicated by the reported
PMI(s)

If the UE is configured to decode SPDCCH CRC scrambled by the C-RNTI and the number of information bitsin
format 7-1C mapped onto a given search space is less than that of format 7-0A/B depending on the configured uplink
transmission mode for scheduling the same serving cell and mapped onto the same search space, zeros shall be
appended to format 7-1C until the payload size equals that of format 7-0A/B, except when format 7-1C assigns
downlink resource on a secondary cell without an uplink configuration associated with the secondary cell.

If the number of information bitsin format 7-1C carried by PDCCH is equal to the payload size of a configured format
0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4 mapped onto the UE specific search space given by C-RNTI or SPS C-RNTI as
defined in [3] (including any padding bits appended to format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4), one or more zero
bit(s) shall be appended to format 7-1C until the payload size is not equal to that of a configured format
0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4.

5.3.3.1.20 Format 7-1D

DCI format 7-1D is used for the scheduling of one PDSCH codeword with slot or subslot duration in one cell.

The following information is transmitted by means of the DCI format 7-1C:

- Thefieldsof format 7-1A
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- Precoding information — number of bits as the value specified in Table 5.3.3.1.3A-1 plus one

The precoding information field is defined in Table 5.3.3.1.20-1 and Table 5.3.3.1.20-2.

Table 5.3.3.1.20-1: Content of precoding information field for 2 antenna ports

Bit field
mapped to
index

Message

0

2 layers: Transmit
diversity

1

1 layer: Precoding
corresponding to
precoding vector

L 1] /42

1 layer: Precoding
corresponding to
precoder vector

L -1 /42

1 layer: Precoding
corresponding to
precoder vector

L il /v2

1 layer: Precoding
corresponding to
precoder vector

L -il'/v2

1 layer:
Precoding according to
the latest PMI report on

PUSCH, using the
precoder(s) indicated by
the reported PMI(s)

68

reserved

Table 5.3.3.1.20-2: Content of precoding information field for 4 antenna ports

Bit field
mapped to Message
index
0 4 layers: Transmit
diversity
1 1 layer: TPMI=0
2 1 layer: TPMI=1
16 1 layer: TPMI=15
17 1 layer: Precoding
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
18~31 reserved

If the UE is configured to decode SPDCCH CRC scrambled by the C-RNTI and the number of information bitsin
format 7-1D mapped onto a given search space is less than that of format 7-0A/B depending on the configured uplink
transmission mode for scheduling the same serving cell and mapped onto the same search space, zeros shall be
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appended to format 7-1D until the payload size equals that of format 7-0A/B, except when format 7-1D assigns
downlink resource on a secondary cell without an uplink configuration associated with the secondary cell.

If the number of information bitsin format 7-1D carried by PDCCH is equal to the payload size of a configured format
0/0C/1/1A/1B/1D/2/2A12B/2C/2D/4 mapped onto the UE specific search space given by C-RNTI or SPS C-RNTI as
defined in [3] (including any padding bits appended to format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4), one or more zero
bit(s) shall be appended to format 7-1D until the payload sizeis not equal to that of a configured format
0/0C/1/1A/1B/1D/2/2AI2B/2C/2D/4.

5.3.3.1.21 Format 7-1E
DCI format 7-1E is used for the scheduling of one PDSCH codeword with slot or subslot duration in one cell.
The following information is transmitted by means of the DCI format 7-1E:

- Thefields of format 7-1A

- SRSrequest — 0 or 1 bit as defined in subclause 8.2 of [3] (thisfield is present only for TDD operation, if the UE
has indicated the capability srs-DCI7-Triggering-FS2-r15 and the UE is configured with higher layer parameter
srs-DCI7-TriggeringConfig-r15)

- Scrambling identity— 1 bit as defined in subclause 6.10.3.1 of [2]
- Precoding information — 2 bits as specified in Table 5.3.3.1.21-1.

Table 5.3.3.1.21-1: Content of precoding information field

Bit field mapped to index Message
0 2 layers: transmit diversity
antenna ports 7, 8
1 1 layer: antenna port 7
2 1 layer: antenna port 8
3 2 layers: antenna ports 7, 8

If the UE is configured to decode SPDCCH CRC scrambled by the C-RNTI and the number of information bitsin
format 7-1E mapped onto a given search space is less than that of format 7-0A/B depending on the configured uplink
transmission mode for scheduling the same serving cell and mapped onto the same search space, zeros shall be
appended to format 7-1E until the payload size equals that of format 7-0A/B, except when format 7-1E assigns
downlink resource on a secondary cell without an uplink configuration associated with the secondary cell.

If the number of information bitsin format 7-1E carried by PDCCH is equal to the payload size of a configured format
0/0C/1/1A/1B/1D/2/2A12B/2C/2D/4 mapped onto the UE specific search space given by C-RNTI or SPS C-RNTI as
defined in [3] (including any padding bits appended to format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4), one or more zero
bit(s) shall be appended to format 7-1E until the payload size is not equal to that of a configured format
0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/A.

5.3.3.1.22 Format 7-1F
DCI format 7-1F is used for the scheduling of one PDSCH codeword with slot or subslot duration in one cell.
The following information is transmitted by means of the DCI format 7-1F:

- Thefields of format 7-1A

- SRSrequest — 0 or 1 bit as defined in subclause 8.2 of [3] (thisfield is present only for TDD operation, if the UE
has indicated the capability srs-DCI7-Triggering-FS2-r15 and the UE is configured with higher layer parameter
srs-DCI7-TriggeringConfig-r15)

-  DMRS position indicator — 1 bit, where the value O indicates the presence of DMRS and the value 1 indicates the
absence of DMRS. (Thefield is present only if UE is configured with dI-TTI-Length=subslot). Thisfield is set to
0 when the UE is configured with higher layer parameter blindS otSubsl otPDSCH-Repetitions set to TRUE and
the repetition number is greater than 1.
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- Antenna port(s), scrambling identity and number of layers — 3 bits as specified in Table 5.3.3.1.22-2 if the UE is
higher layer configured with slotSubslotPDSCH-TXDiv-2layer-TM9/10, Table 5.3.3.1.22-3 if the UE is higher
layer configured with slotSubsl otPDSCH-TXDiv-4layer-TM9/10, or Table 5.3.3.1.22-1 otherwise, where nsoip iS
the scrambling identity for antenna ports 7 and 8 defined in subclause 6.10.3.1 of [2], or 1 bit as specified in
Table 5.3.3.1.5C-6 where ngcip is the scrambling identity for antenna ports 7 and 8 defined in subclause 6.10.3.1
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of [2] when higher layer parameter semiOpenLoop-STTI is configured.

When higher layer parameter semiOpenLoop-STTI is configured, antenna ports 7 and 8 are used for transmit diversity.

Table 5.3.3.1.22-1: Antenna port(s), scrambling identity and number of layers indication

Value

Message

1 layer, port 7, nscip=0

1 layer, port 7, nscip=1

1 layer, port 8, nscip=0

1 layer, port 8, nscip=1

2 layers, ports 7-8, nscip=0

2 layers, ports 7-8, nscip=1

3 layers, ports 7-9

~NO |0 |WIN|F|O

4 layers, ports 7-10

Table 5.3.3.1.22-2: Antenna port(s), scrambling identity and number of layers indication
if the UE is configured with slotSubslotPDSCH-TXDiv-2layer-TM9/10

Value

Message

1 layer, port 7, nscip=0

1 layer, port 7, nscip=1

1 layer, port 8, nscip=0

1 layer, port 8, nscip=1

2 layers, ports 7-8, nscip=0

2 layers, ports 7-8, nscip=1

OO0 |WIN|F|O

2 layers, transmit diversity
ports 7-8, nscip=0

2 layers, transmit diversity
ports 7-8, nscip=1

Table 5.3.3.1.22-3: Antenna port(s), scrambling identity and number of layers indication
if the UE is configured with slotSubslotPDSCH-TXDiv-4layer-TM9/10

Value

Message

1 layer, port 7, nscio=0

1 layer, port 7, nscip=1

1 layer, port 8, nscip=0

1 layer, port 8, nscip=1

2 layers, ports 7-8, nscip=0

O W|N|FR[O

2 layers, transmit diversity
ports 7-8, nscip=0

3 layers, ports 7-9

~N (o

4 layers, ports 7-10

If the UE is configured to decode SPDCCH CRC scrambled by the C-RNTI and the number of information bitsin
format 7-1F mapped onto a given search space is less than that of format 7-0A/B depending on the configured uplink
transmission mode for scheduling the same serving cell and mapped onto the same search space, zeros shall be
appended to format 7-1F until the payload size equal s that of format 7-0A/B, except when format 7-1F assigns
downlink resource on a secondary cell without an uplink configuration associated with the secondary cell.

If the number of information bitsin format 7-1F carried by PDCCH is equal to the payload size of a configured format
0/0C/1/1A/1B/1D/2/2A12B/2C/2D/4 mapped onto the UE specific search space given by C-RNTI or SPS C-RNTI as
defined in [3] (including any padding bits appended to format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4), one or more zero
bit(s) shall be appended to format 7-1F until the payload size is not equal to that of a configured format

0/0C/1/1A/1B/1D/2/2AI2B/2C/2D/4.
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5.3.3.1.23 Format 7-1G
DCI format 7-1G is used for the scheduling of one PDSCH codeword with slot or subslot duration in one cell.
The following information is transmitted by means of the DCI format 7-1G:

- Thefields of format 7-1A

- SRSrequest — 0 or 1 hit as defined in subclause 8.2 of [3] (thisfield is present only for TDD operation, if the UE
has indicated the capability srs-DCI7-Triggering-FS2-r15 and the UE is configured with higher layer parameter
srs-DCI7-TriggeringConfig-r15)

- DMRS position indicator — 1 bit, where the value 0 indicates the presence of DM RS and the value 1 indicates the
absence of DMRS. (Thefield is present only if UE is configured with dI-TTI-Length=subslot). Thisfield is set to
0 when the UE is configured with higher layer parameter blindS otSubsl otPD SCH-Repetitions set to TRUE and
the repetition number is greater than 1.

- Antenna port(s), scrambling identity and number of layers— 3 bits as specified in Table 5.3.3.1.22-2if the UE is
higher layer configured with slotSubslotPDSCH-TXDiv-2layer-TM9/10, Table 5.3.3.1.22-3 if the UE is higher
layer configured with slotSubslotPDSCH-TXDiv-4layer-TM9/10, or Table 5.3.3.1.22-1 otherwise, where nsoip iS
the scrambling identity for antenna ports 7 and 8 defined in subclause 6.10.3.1 of [2], or 1 bit as specified in
Table 5.3.3.1.5C-6 where nszip is the scrambling identity for antenna ports 7 and 8 defined in subclause 6.10.3.1
of [2] when higher layer parameter semiOpenLoop-STTI is configured.

- PDSCH RE Mapping and Quasi-Co-L ocation Indicator — 2 bits as defined in subclauses 7.1.9 and 7.1.10 of [3]
When higher layer parameter semiOpenLoop-STTI is configured, antenna ports 7 and 8 are used for transmit diversity.

If the UE is configured to decode SPDCCH CRC scrambled by the C-RNTI and the number of information bitsin
format 7-1G mapped onto a given search space is less than that of format 7-0A/B depending on the configured uplink
transmission mode for scheduling the same serving cell and mapped onto the same search space, zeros shall be
appended to format 7-1G until the payload size equals that of format 7-0A/B, except when format 7-1G assigns
downlink resource on a secondary cell without an uplink configuration associated with the secondary cell.

If the number of information bitsin format 7-1G carried by PDCCH is equal to the payload size of a configured format
0/0C/1/1A/1B/1D/2/2A12B/2C/2D/4 mapped onto the UE specific search space given by C-RNTI or SPS C-RNTI as
defined in [3] (including any padding bits appended to format 0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/4), one or more zero
bit(s) shall be appended to format 7-1G until the payload size is not equal to that of a configured format
0/0C/1/1A/1B/1D/2/2A/2B/2C/2D/A.

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 ay,a,,a,,85,...,a5 3, and
the parity bits by pg, p;, P2, P3.--, PL_1 - Aisthe payload size and L is the number of parity bits.

The parity bits are computed and attached according to subclause 5.1.1 setting L to 16 bits, resulting in the sequence
by,b;,b,,bs,..., b5, where B = A+ L.

In the case where closed-loop UE transmit antenna selection is not configured or applicable, after attachment, the CRC
parity bits are scrambled with the corresponding RNTI X, i 0 Xinti g1+ Xrntias - Where X o corresponds to the MSB of

the RNTI, to form the sequence of bitsc, ¢, C,,C3,...,Cg_; - The relation between ¢, and by is:
¢, =b, fork=0,1,2, ..., A1
C = (b + X k_a)MOd2  for k= A, A+1, A+2,..., A+15,

In the case where closed-loop UE transmit antenna selection is configured and applicable, after attachment, the CRC
parity bits with DCI format 0 or DCI format 6-OA are scrambled with the antenna selection mask X, 5, Xag 11+ Xag15 8S
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indicated in Table 5.3.3.2-1 and the corresponding RNTI X 0» Xenti 11+ Xt 15 t0 form the sequence of bits
Cy,C;,Cy,Cy,..., Cg_1 - Therelation between ¢k and by is:

c,=b, fork=0,1,2, ..., A1l

Cc = (B + X n + Xaska)Mod2  for k= A, A+, A+2,..., A+15.

Table 5.3.3.2-1: UE transmit antenna selection mask

UE transmit antenna selection Antenna selection mask
< XAS,O’ XAS,l’ b XAS,15 >
UE port 0 <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0>
UE port 1 <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 1>
5.3.3.3 Channel coding

Information bits are delivered to the channel coding block. They are denoted by ¢;,c;,c5,Cs,...,Ck_4 , WhereK isthe
number of bits, and they are tail biting convolutionally encoded according to subclause 5.1.3.1.

After encoding the bits are denoted by dg) \ dl(i) , dg) \ dg) dg)_l, with i = 0,1, and 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
dg) \ dl(i) , dg) \ dg) dg)_l, with i =01, and 2, and wherei isthe coded stream index and D is the number of bitsin
each coded stream. This coded block is rate matched according to subclause 5.1.4.2.

After rate matching, the bits are denoted by €,,€,,6,,€;,...,6c_; , Where E is the number of rate matched bits.

534 Control format indicator

Data arrives each subframe to the coding unit in the form of an indicator for the time span, in units of OFDM symbols,
of the DCI carried by PDCCH in that subframe of the corresponding DL cell. The CFI takes values CFl = 1, 2 or 3. For

system bandwidths N 25 > 10, the span of the DCI carried by PDCCH in units of OFDM symbols, 1, 2 or 3, is given by

the CFI. For system bandwidths N 35 <10, the span of the DCI carried by PDCCH in units of OFDM symbols, 2, 3 or
4, isgiven by CFI+1.

The coding flow is shown in Figure 5.3.4-1.

|

Channel coding

Do,y by l
Figure 5.3.4-1 Coding for CFl

5.34.1 Channel coding

The control format indicator is coded according to Table 5.3.4-1.
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Table 5.3.4-1: CFl code words

CFl code word
CFI < bo, by, ..., b31 >
1 <0,1,1,0,12,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1>
2 <101102110110,2,101,10,2,10,1,1,0,1,1,0,1,1,0,1,1,0>
3 <1,10,110110,1,1,0,1,10,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1>
(Res:rved) <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>

5.3.5 HARQ indicator (HI)

Data arrives to the coding unit in the form of indicators for HARQ acknowledgement for one transport block.

"

Channel coding

The coding flow is shown in Figure 5.3.5-1.

by, by, b, l
Figure 5.3.5-1 Coding for HI

5.35.1 Channel coding

The HI is coded according to Table 5.3.5-1, where for a positive acknowledgement HI = 1 and for a negative
acknowledgement HI = 0.

Table 5.3.5-1: HI code words

HI code word

HI < bo, b1, b2>
<0,0,0>
1 <111>

5.4 Sidelink transport channels and control information

54.1 Sidelink broadcast channel

Figure 5.4.1-1 shows the processing structure for the SL-BCH transport channel. Data arrivesto the coding unit in the
form of a maximum of one transport block. The following coding steps can be identified:

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

The coding steps for SL-BCH transport channel are shown in the figure below. In addition, after rate matching PUSCH
interleaving is applied according to subclauses 5.2.2.7 and 5.2.2.8 without any control information in order to apply a
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time-first rather than frequency-first mapping, where c ., = 2. (NS, - 3) and the sequence of bits f is equal to e. For
SL-BCH configured by higher layersfor V2X sidelink, ¢, =2: (NS, —2)-3 is used.

ao,al,...,a.A_l l
CRC attachment
CO’C’_I.""’CK*]. L 7

Channel coding

d5’,df” .5,

Rate matching

€0, €15 Ce1 i
Figure 5.4.1-1: Transport channel processing for SL-BCH

541.1 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 atransport block delivered to layer
lbyay,a,,8,,8s,...,a,_3, and the parity bitsby py, p;, P2, P3.---, P ;- Aisthe 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 subclause 6.1.1 of [5].

The parity bits are computed and attached according to subclause 5.1.1 setting L to 16 bits, resulting in the sequence of
bitscy, ¢, C,,C3,...,Cx 4 Where ¢, =b, fork=0,1, 2, ..., K-1and K=A+L.
54.1.2 Channel coding

Information bits are delivered to the channel coding block. They are denoted by ¢,,c;,c5,C3,...,Ck_; , WhereK isthe
number of bits, and they are tail biting convolutionally encoded according to subclause 5.1.3.1.

After encoding the bits are denoted by d{’,d{",d{’,d{"...,d{, , withi = 0,1, and 2, and where D is the number of bits
on thei-th coded stream, i.e.,, D=K .
5.4.1.3 Rate matching

A tail biting convolutionally coded block is delivered to the rate matching block. This block of coded bits is denoted by
d$?,dM,dP df",...,d), , withi =0, and 2, and where  is the coded stream index and D is the number of bitsin each
coded stream. This coded block is rate matched according to subclause 5.1.4.2.

After rate matching, the bits are denoted by e,,€,,€,,€;,...,€c_; , Wwhere E is the number of rate matched bits as defined
in subclause 9.6.1 of [2].
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5472 Sidelink shared channel

The processing of the sidelink shared channel follows the downlink shared channel according to subclause 5.3.2, with
the following differences:

- Dataarrivesto the coding unit in the form of a maximum of one transport block every transmission time interval
(TTI)

- Inthe step of code block concatenation, the sequence of coded bits corresponding to one transport block after
code block concatenation is referred to as one codeword in subclause 9.3.1 of [2].

- PUSCH interleaving is applied according to subclauses 5.2.2.7 and 5.2.2.8 without any control information in

order to apply atime-first rather than frequency-first mapping, where ¢, =2- (N ;Lmb - 1). For SL-SCH
configured by higher layersfor V2X sidelink, C_, =2- (Ng_mb - 2)_1is used if the transmission format field of

SCI format 1 is present and set to 1, otherwise C,, = 2- (NS, - 2).

54.3 Sidelink control information
An SCI transports sidelink scheduling information.

The processing for one SCI follows the downlink control information according to subclause 5.3.3, with the following
differences:

- Inthe step of CRC attachment, no scrambling is performed.

- PUSCH interleaving is applied according to subclauses 5.2.2.7 and 5.2.2.8 without any control information in
order to apply atime-first rather than frequency-first mapping, where c . =2 (NS, —1) and the sequence of

bitsf is equal to e. For SCI format 1, ¢, =2- (NS, -2)-

5431 SCI formats
The fields defined in the SCI formats bel ow are mapped to the information bits ap to aa.1 as follows.

Each field is mapped in the order in which it appears in the description, with the first field mapped to the lowest order
information bit ap 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 ao.

543.1.1 SClI format 0
SCI format O is used for the scheduling of PSSCH.
The following information is transmitted by means of the SCI format O:

- Frequency hopping flag — 1 bit as defined in subclause 14.1.1 of [3].

- Resource block assignment and hopping resource allocation — ﬁog »(NRE(NRE +1)/ 2)-‘ bits
- For PSSCH hopping:

- Ns__hop MSB bits are used to obtain the value of Nprg (i) asindicated in subclause 8.4 of [3]
- U—I 09, (NS5 (NS5 +1)/ 2)-‘ —Ng._hop ) bits provide the resource allocation in the subframe

- For non-hopping PSSCH:

- (ﬁogz(N%(N% +1)/2)-‘ j bits provide the resource allocation in the subframe as defined in subclause

8.1.10f [3]
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- Time resource pattern — 7 bits as defined in subclause 14.1.1 of [3].

- Modulation and coding scheme — 5 hits as defined in subclause 14.1.1 of [3]

- Timing advance indication — 11 bits as defined in subclause 14.2.1 of [3]

- Group destination ID — 8 bits as defined by higher layers

543.1.2 SCI format 1

SCI format 1 is used for the scheduling of PSSCH.

The following information is transmitted by means of the SCI format 1.

Priority - 3 bits as defined in subclause 4.4.5.1 of [7].

Resource reservation — 4 hits as defined in subclause 14.2.1 of [3].

Frequency resource location of initial transmission and retransmission — (Iogz(N;Lbchamel (NSE e +1)/ 2)-‘
bits as defined in subclause 14.1.1.4C of [3].

Time gap between initial transmission and retransmission - 4 bits as defined in subclause 14.1.1.4C of [3].
Modulation and coding scheme — 5 bits as defined in subclause 14.2.1 of [3].

Retransmission index — 1 bit as defined in subclause 14.2.1 of [3].

Transmission format— 1 bit, where value 1 indicates a transmission format including rate-matching and TBS
scaling, and value O indicates a transmission format including puncturing and no TBS-scaling. Thisfield isonly
present if the transport mechanism selected by higher layers indicates the support of rate matching and TBS
scaling.

Reserved information bits are added until the size of SCI format 1 is equal to 32 hits. The reserved bits are set to
zero.

54.4 Sidelink discovery channel

The processing of the sidelink discovery channel follows the downlink shared channel according to subclause 5.3.2,
with the following differences:

Data arrives to the coding unit in the form of a maximum of one transport block every transmission time interval
(TTI).

In the step of code block concatenation, the sequence of coded bits corresponding to one transport block after
code block concatenation is referred to as one codeword in subclause 9.5.1 of [2].

PUSCH interleaving is applied according to subclauses 5.2.2.7 and 5.2.2.8 without any control information in
order to apply atime-first rather than frequency-first mapping, where ¢ =2- (N ;Lmb - 1).

6

6.1

Narrowband loT

Mapping to physical channels

For Narrowband 10T, transport channels are mapped onto narrowband physical channels, the channel coding,
multiplexing, and interleaving of which are specified in subclauses 6.3 and 6.4 for the uplink and downlink,
respectively. Table 6.1-1 specifies the mapping of the uplink transport channelsto their corresponding physical
channels. Table 6.1-2 specifies the mapping of the downlink transport channelsto their corresponding physical
channels.Table 6.1-3 specifies the mapping of control channel information to its corresponding physical channel.
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Table 6.1-1
TrCH Physical Channel
UL-SCH NPUSCH (format 1)
RACH NPRACH
Table 6.1-2
TrCH Physical Channel
DL-SCH NPDSCH
BCH NPBCH
PCH NPDSCH
Table 6.1-3

Control information

Physical Channel

UcCl

NPUSCH (format 2)

DCI

NPDCCH

6.2 Generic procedures

The generic procedures for channel coding, multiplexing and interleaving are asin subclause 5.1 unless otherwise noted

in subclause 6.

Usage of coding scheme and coding rate for the different types of TrCH is shown in table 6.2-1. Usage of coding
scheme and coding rate for the different control information typesis shown in table 6.2-2.

Table 6.2-1: Usage of channel coding scheme and coding rate for TrCHs

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

Table 6.2-2: Usage of channel coding scheme and coding rate for control information.

Control Information Coding scheme | Coding rate
Tail biting
DCI convolutional 1/3
coding
UCl Block code 1/16
6.3 Uplink transport channels and control information

6.3.1 Random access channel

The sequence for the random access channel is processed according to [2].
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6.3.2 Uplink shared channel

Figure 6.3.2-1 shows the processing structure for the UL-SCH transport channel. Data arrives to the coding unit in the
form of a maximum of one transport block over a number of resource units per UL cell. The number of resource unitsis
scheduled according to [3]. The following coding steps can be identified:

- CRC attachment
- Channel coding

- Rate matching

ao,al,...,aA_l i

CRC attachment

CO’QL""’CK—]. v

Channel coding

d9,d9,..a9, |

Rate matching

€68 l

Figure 6.3.2-1: Transport block processing for UL-SCH

The CRC attachment, channel coding, and rate matching are performed according to subclauses 5.2.2.1, 5.2.2.3, and
5.2.2.4, respectively, with the following differences:

- Insubclause 5.1.4.1.2 inthe calculation of G’ , Qmis 1 for n/2-BPSK and 2 for n/4-QPSK, and rvigx = 0 or 2.

In addition, after rate matching interleaving is applied per resource unit according to subclauses 5.2.2.7 and 5.2.2.8
without any control information in order to apply atime-first rather than frequency-first mapping, where the input

sequence to 5.2.2.7 is the portion of e for aresource unit instead of f, and where C_ = (N;;b —1)NSL, isthe number of

SC-FDMA symbols for NPUSCH in a UL resource unit as given in subclause 10.1.2.3 of [2].

6.3.3 Uplink control information on NPUSCH without UL-SCH data

When control datais sent via NPUSCH without UL-SCH data and arrives to the coding unit in the form of an indicator
for HARQ acknowledgement for one transport block, the coding flow is as shown in Figure 6.3.3-1.

00ACK l

Channel coding

B0,y B

Figure 6.3.3-1: Coding for HARQ-ACK
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The one bit information of HARQ-ACK O(f oK

acknowledgement O(? oK

is coded according to Table 6.3.3-1, where for a positive

ACK

= 1 and for anegative acknowledgement 0, = 0.

Table 6.3.3-1: HARQ-ACK code words

HARQ-ACK HARQ-ACK code word
<0 > < bo, by, ba,...b15>
0 <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>
1 <1,1111111111,11,11,1>

6.3.4  Scheduling request

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

6.4 Downlink transport channels and control information

6.4.1 Broadcast channel

The processing structure for the BCH transport channel is according to Subclause 5.3.1, with the following differences:
- Thetransmission timeinterva (TTI) is 640ms
- Thesize of the BCH transport block is set to 34 bits

- The CRC mask for NPBCH is selected according to 1 or 2 transmit antenna ports at eNodeB according to Table
5.3.1.1-1, where the transmit antenna ports are defined in subclause 10.2.6 of [2]

- Thenumber of rate matched bits is defined in subclause 10.2.4.1 of [2].

6.4.2 Downlink shared channel and Paging channel

Figure 6.4.2-1 shows the processing structure for each transport block for the DL-SCH and PCH transport channels.
Data arrives to the coding unit in the form of a maximum of one transport blocks over a number of resource units per
DL cell. The following coding steps can be identified for each transport block of aDL cell:

- CRC attachment
- Channel coding

- Rate matching
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Ay, 8y, Ap_; i

CRC attachment

CO’QL""’CKfl v

Channel coding

00,40,..d9, |

Rate matching

€6 € i

Figure 6.4.2-1: Transport block processing for DL-SCH and PCH

The CRC attachment, channel coding, and rate matching is performed according to subclauses5.1.1, 5.1.3.1 and
5.1.4.2, respectively. For the CRC attachment, the parity bits are computed and attached according to subclause 5.1.1
setting L to 24 bits and using the generator polynomial gcrce4a (D), resulting in the sequence of bits
Cy.C;,Cy,C3,...,Ck_g Where ¢, =by fork=0,1,2, ..., K-1and K=A+L.

6.4.3 Downlink control information

A DCI transports downlink or uplink scheduling information for one cell and one RNTI. The RNTI isimplicitly
encoded in the CRC. The processing structure for one DCI is according to Subclause 5.3.3.

6.4.3.1 DCI Format NO
DCI format NO is used for the scheduling of NPUSCH in one UL cell.
The following information is transmitted by means of the DCI format NO:

- Flag for format NO/format N1 differentiation — 1 bit, where value O indicates format NO and value 1 indicates
format N1

- Subcarrier indication — 6 bits as defined in subclause 16.5.1.1 of [3]

- Resource assignment — 3 bits as defined in subclause 16.5.1.2 of [3]

- Scheduling delay — 2 bits as defined in subclause 16.5.1 of [3]

- Modulation and coding scheme — 4 bits as defined in subclause 16.5.1.2 of [3]
- Redundancy version — 1 bit as defined in subclause 16.5.1.2 of [3]

- Repetition number — 3 bits as defined in subclause 16.5.1.1 of [3]

- New dataindicator — 1 bit

- DCI subframe repetition number — 2 bits as defined in subclause 16.6 in [3]

- HARQ process number — 1 bit. Thisfield can only be present if 2 HARQ processes are configured and the
corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3].
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6.4.3.2 DCI Format N1

DCI format N1 is used for the scheduling of one NPDSCH codeword in one cell, random access procedure initiated by
aNPDCCH order, and notifying SC-M CCH change. The DCI corresponding to a NPDCCH order is carried by
NPDCCH.

The following information is transmitted by means of the DCI format N1.
- If theformat N1 CRC is scrambled by C-RNTI or RA-RNTI:

- Flag for format NO/format N1 differentiation — 1 bit, where value O indicates format NO and value 1 indicates
format N1

- NPDCCH order indicator — 1 bit
- Elseif theformat N1 CRC is scrambled by a G-RNTI:
- Information for SC-MCCH change notification — 2 bits as defined in subclause 5.8a of [6]

Format N1 is used for random access procedure initiated by a NPDCCH order only if NPDCCH order indicator is
set to '1', format N1 CRC is scrambled with C-RNTI, and all the remaining fields are set as follows:

- Starting number of NPRACH repetitions — 2 bits as defined in subclause 16.3.2 of [3]
- Subcarrier indication of NPRACH — 6 bits as defined in subclause 16.3.2 of [3]

- Carrier indication of NPRACH — 4 hits as defined in subclause 16.3.2 of [3]. Thisfield is only present if ul-
ConfigList is configured and the UE indicates the multiCarrier-NPRACH capability.

- All the remaining bitsin format N1 are set to one

Otherwise,

- Scheduling delay — 3 bits as defined in subclause 16.4.1 of [3]

- Resource assignment — 3 bits as defined in subclause 16.4.1.3 of [3]

- Modulation and coding scheme — 4 bits as defined in subclause 16.4.1.5 of [3]
- Repetition number — 4 bits as defined in subclause 16.4.1.3 of [3]

- New dataindicator — 1 bit

- HARQ-ACK resource — 4 bits as defined in subclause 16.4.2 of [3].

- DCI subframe repetition number — 2 bits as defined in subclause 16.6 in [3]

- HARQ process number — 1 bit. Thisfield can only be present if 2 HARQ processes are configured and the
corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3].

When the format N1 CRC is scrambled with aRA-RNTI or a G-RNTI, then the following fields among the fields above
are reserved for RA-RNTI and not present for G-RNTI:

- New dataindicator
- HARQ-ACK resource

If the number of information bitsin format N1 is less than that of format NO and the format N1 CRC is not scrambled
by G-RNTI, zeros shall be appended to format N1 until the payload size equals that of format NO.

6.4.3.3 DCI Format N2

DCI format N2 is used for paging, direct indication, scheduling of one NPDSCH codeword carrying SC-MCCH in one
cell, and notifying SC-MCCH change.

The following information is transmitted by means of the DCI format N2:
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- If theformat N2 CRC is scrambled by P-RNTI:

- Flag for paging/direct indication differentiation — 1 bit, with value O for direct indication and value 1 for
paging

- Elseif theformat N2 CRC is scrambled by a SC-RNTI:
- Information for SC-MCCH change notification — 1 bit as defined in subclause 5.8a of [6]
- If theformat N2 CRC is scrambled by P-RNTI and Flag=0:

- Direct Indication information — 8 bits provide direct indication of system information update and other fields,
asdefined in [6]

- Reserved information bits are added until the size is equal to that of format N2 with Flag=1
- If theformat N2 CRC is scrambled by P-RNTI and Flag=1, or if the format N2 CRC is scrambled by SC-RNTI:
- Resource assignment — 3 bits as defined in subclause 16.4.1.3 of [3]
- Modulation and coding scheme — 4 bits as defined in subclause 16.4.1.5 of [3]
- Repetition number — 4 bits as defined in subclause 16.4.1.3 of [3]

- DCI subframe repetition number — 3 bits as defined in subclause 16.6 of [3]
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Change history
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Change history

Date TSG # TSG Doc. CR Rev [Subject/Comment Oold New
2006-09 Skeleton 0.0.0
2006-10 Updated skeleton 0.0.0 0.0.1
2006-10 Endorsed skeleton 0.0.1 0.1.0
2006-11 Added TC. Added Broadcast, Paging and MBMS transport 0.1.0 0.1.1

channels in Table 4.2-1.
2006-11 Endorsed v 0.2.0 0.1.1 0.2.0
2006-12 Added CC. Added type of coding for each transport channel or |0.2.0 0.2.1
control information.
2007-01 Editor's version 0.2.1 0.2.2
2007-01 Endorsed v 0.3.0 0.2.2 0.3.0
2007-02 Added QPP turbo Interleaver description. 0.3.0 0.3.1
2007-02 Editor's version 0.3.1 0.3.2
2007-02 Endorsed v 0.4.0 0.3.2 0.4.0
2007-02 Added CRC details for PDSCH, PDCCH and PUSCH. Added 0.4.0 0.4.1

QPP turbo-interleaver parameters. Set Z to 6144. Added details
on code block segmentation.

2007-02 Editor's version 0.4.1 0.4.2
2007-03 [ RAN#35 [ RP-070170 For information at RAN#35 0.4.2 1.0.0
2007-03 Editor's version 1.0.0 1.0.1
2007-03 Editor's version 1.0.1 1.1.0
2007-05 Editor's version 1.1.0 1.1.1
2007-05 Editor's version 11.1 1.1.2
2007-05 Editor's version 1.1.2 1.2.0
2007-06 Added circular buffer rate matching for PDSCH and PUSCH. 1.2.0 1.21
Miscellaneous changes.
2007-06 Editor's version 1.2.1 1.2.2
2007-07 Editor's version 1.2.2 1.2.3
2007-07 Endorsed by email following decision taken at RAN1#49b 1.2.3 1.3.0
2007-08 Editor's version including decision from RAN1#49bis. 1.3.0 1.3.1
2007-08 Editor's version 1.3.1 1.3.2
2007-08 Editor's version 1.3.2 1.4.0
2007-09 Editor's version with decisions from RAN1#50 1,4.0 1,4,1
2007-09 Editor's version 14.1 1.4.2
10/09/07 | RAN#37 | RP-070730 - - |For approval at RAN#37 1.4.2 2.0.0
12/09/07 | RAN 37 | RP-070730 - - | Approved version 2.0.0 8.0.0
28/11/07 | RAN 38 | RP-070949 | 0001 [ - |Update of 36.212 8.0.0 8.1.0
05/03/08 | RAN_39 | RP-080145 | 0002 [ - |Update to 36.212 incorporating decisions from RAN1#51bis and |8.1.0 8.2.0
RAN1#52
28/05/08 | RAN_40 | RP-080433 | 0003 [ - [Jaint coding of CQI and ACK on PUCCH 8.2.0 8.3.0
28/05/08 | RAN_40 | RP-080433 [ 0004 | 1 |ACK insertion into PUSCH 8.2.0 8.3.0
28/05/08 | RAN_40 | RP-080433 [ 0005 [ 1 [Introduction of format 1C 8.2.0 8.3.0
28/05/08 | RAN 40 | RP-080433 | 0006 [ 1 |[Miscellaneous fixes to 36.212 8.2.0 8.3.0
28/05/08 | RAN 40 | RP-080433 | 0008 [ 1 |On multiplexing scheme for indicators 8.2.0 8.3.0
28/05/08 | RAN 40 | RP-080433 | 0009 [ 1 |On the soft buffer split of MIMO and TDD 8.2.0 8.3.0
28/05/08 | RAN 40 | RP-080433 | 0010 | - [Resource assignment field for distributed VRB 8.2.0 8.3.0
28/05/08 | RAN 40 | RP-080433 | 0011 [ - [Clarifying the use of the different DCI formats 8.2.0 8.3.0
28/05/08 | RAN 40 | RP-080433 | 0012 [ 1 |Clarifying the value of N, 8.2.0 8.3.0
28/05/08 | RAN 40 | RP-080433 | 0013 [ - [Payload size for DCI formats 3 and 3A 8.2.0 8.3.0
28/05/08 | RAN_40 | RP-080433 [ 0014 | - |Coding of ACK on PUSCH 8.2.0 8.3.0
28/05/08 | RAN_40 | RP-080433 | 0015 | 1 |Coding of Rl on PUSCH and mapping 8.2.0 8.3.0
28/05/08 | RAN 40 | RP-080433 | 0016 | - [CRC for control information on PUSCH 8.2.0 8.3.0
28/05/08 | RAN_40 | RP-080433 [ 0017 [ - |Introduction of Downlink Assignment Index 8.2.0 8.3.0
28/05/08 | RAN 40 | RP-080433 | 0018 | - [Coding of CQI/PMI on PUSCH coming from PUCCH 8.2.0 8.3.0
28/05/08 | RAN_40 | RP-080433 | 0019 [ - |Simultaneous transmission of aperiodic CQI and UL control 8.2.0 8.3.0
28/05/08 | RAN 40 | RP-080433 | 0020 [ - |Encoding of antenna indicator on DCI format 0 8.2.0 8.3.0
28/05/08 | RAN 40 | RP-080433 | 0021 | - [PDCCH coverage in narrow bandwidths 8.2.0 8.3.0
28/05/08 | RAN 40 | RP-080433 | 0022 [ - |Closed-loop and open-loop spatial multiplexing 8.2.0 8.3.0
28/05/08 | RAN_40 | RP-080457 | 0023 [ - |Formula for linkage between PUSCH MCS and amount of 8.2.0 8.3.0
resources used for control
09/09/08 | RAN 41 | RP-080669 | 0026 [ - |[Correction to PUSCH Channel Interleaver 8.3.0 8.4.0
09/09/08 | RAN_41 | RP-080669 | 0028 [ - |Correction of mapping of ACK/NAK to binary bit values 8.3.0 8.4.0
09/09/08 | RAN 41 | RP-080669 | 0029 [ - |Correction to bit collection, selection and transmission 8.3.0 8.4.0
09/09/08 | RAN_41 | RP-080669 0030 | - Padding one bit to DCI format 1 when format 1 and format 0/1A |8.3.0 8.4.0
have the same size
09/09/08 | RAN_41 | RP-080669 [ 0031 | - |Maodification of M_limit 8.3.0 8.4.0
09/09/08 | RAN 41 | RP-080669 [ 0032 | - |Definition of Formats 2 and 2A 8.3.0 8.4.0
09/09/08 | RAN 41 | RP-080669 | 0033 | 2 [Corrections to DCI formats 8.3.0 8.4.0
09/09/08 | RAN 41 | RP-080669 | 0035 [ 1 |Format 1B confirmation flag 8.3.0 8.4.0
09/09/08 | RAN_41 | RP-080669 0036 | - gﬁrrectilons to Rank information scrambling in Uplink Shared 8.3.0 8.4.0
anne
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Change history
Date TSG # TSG Doc. CR Rev [Subject/Comment Oold New
09/09/08 | RAN 41 | RP-080669 | 0037 [ 2 |Clarification of TPC commands signaled in DCI formats 3/3A 8.3.0 8.4.0
09/09/08 | RAN_41 | RP-080669 | 0038 [ - |Clarification on UE transmit antenna selection mask 8.3.0 8.4.0
09/09/08 | RAN 41 | RP-080669 | 0039 [ 1 |Linking of control resources in PUSCH to data MCS 8.3.0 8.4.0
09/09/08 | RAN_41 | RP-080669 | 0041 [ - |Definition of Bit Mapping for DCI signalling 8.3.0 8.4.0
09/09/08 | RAN 41 | RP-080669 | 0042 | 1 [Clarification on resource allocation in DCI format 1/2/2A 8.3.0 8.4.0
09/09/08 | RAN_41 | RP-080669 0043 | - (D:CItFolrmat 1A changes needed for scheduling Broadcast 8.3.0 8.4.0
ontrol
09/09/08 | RAN_41 | RP-080669 [ 0044 | - |DCIformatlC 8.3.0 8.4.0
09/09/08 | RAN_41 | RP-080669 | 0045 | - |Miscellaneous corrections 8.3.0 8.4.0
11/09/08 | RAN 41 [ RP-080736 [ 0046 | 1 [Correction on downlink multi-user MIMO 8.3.0 8.4.0
09/09/08 | RAN_41 | RP-080669 0047 | - gorrections to DL DCI Formats In case of Ambiguous Payload |8.3.0 8.4.0
izes
09/09/08 | RAN_41 | RP-080669 0048 | - CR for RE provisioning for the control information in case of 8.3.0 8.4.0
CQl-only transmission on PUSCH
09/09/08 | RAN 41 | RP-080669 | 0091 [ 2 |Coding and multiplexing of multiple ACK/NACK in PUSCH 8.3.0 8.4.0
03/12/08 | RAN_42 | RP-080983 0050 | 2 glte)\_rifiF::Iation of input bits corresponding to 2-bit HARQ-ACK and |8.4.0 8.5.0
-bit
03/12/08 | RAN_42 | RP-080983 [ 0053 [ - [Editorial corrections to 36.212 8.4.0 8.5.0
03/12/08 | RAN 42 | RP-080983 | 0055 [ - |Miscellaneous Corrections 8.4.0 8.5.0
03/12/08 | RAN 42 | RP-080983 | 0057 [ - |Clarification of mapping of information bits 8.4.0 8.5.0
03/12/08 | RAN_42 | RP-080983 0058 | - Eompletion of 36.212 CR47 (R1-083421) for "new" DCI 8.4.0 8.5.0
ormats
03/12/08 | RAN_42 | RP-080983 0059 | - Change for determining DCI format 1A TBS table column 8.4.0 8.5.0
indicator for broadcast control
03/12/08 | RAN 42 | RP-080983 | 0061 [ 2 |Defining DCI format 1A for downlink data arrival 8.4.0 8.5.0
03/12/08 | RAN 42 | RP-080983 | 0063 [ 1 [ACK/NACK transmission on PUSCH for LTE TDD 8.4.0 8.5.0
03/12/08 | RAN 42 | RP-080983 | 0065 [ - |Correction in 36.212 related to TDD downlink HARQ processes |8.4.0 8.5.0
03/12/08 | RAN_42 | RP-080983 | 0067 [ 1 |Correction of control MCS offset and SRS symbol puncturing 8.4.0 8.5.0
03/12/08 | RAN_42 | RP-080983 | 0068 [ 1 |DCI format 2/2A 8.4.0 8.5.0
03/12/08 | RAN_42 | RP-080983 | 0069 [ - |Correction to zero padding in DCI format 1 8.4.0 8.5.0
03/12/08 | RAN 42 | RP-080983 | 0071 | - [Clarification of RI bit field mapping for PUCCH 8.4.0 8.5.0
03/12/08 | RAN_42 | RP-080983 | 0072 [ - |Clarifying RNTI bit mapping for PDCCH CRC scrambling 8.4.0 8.5.0
03/12/08 | RAN 42 | RP-080983 | 0073 [ - |Clarification on BCH transport block size 8.4.0 8.5.0
03/12/08 | RAN_42 | RP-080983 0076 | - Clarification on the number of PUCCH-based CQI/PMI bits 8.4.0 8.5.0
when reported on PUSCH
04/03/09 | RAN 43 | RP-090235 77 1 [Corrections to Transmitted Rank Indication 8.5.0 8.6.0
04/03/09 | RAN_43 | RP-090235 79 1 |Correction to the bundled ACK/NACK and DAI transmission 8.5.0 8.6.0
04/03/09 | RAN 43 | RP-090235 80 2 |Corrections to transmission modes 8.5.0 8.6.0
04/03/09 | RAN 43 | RP-090235 81 1 [Correction on ACKNACK transmission on PUSCH for LTE TDD |8.5.0 8.6.0
04/03/09 | RAN 43 | RP-090235 82 2 |Corrections to CQI and RI fields description 8.5.0 8.6.0
04/03/09 | RAN 43 | RP-090235 83 - [Clarifying DCI format 1A and DCI Format 1B 8.5.0 8.6.0
04/03/09 | RAN 43 | RP-090235 92 1 [Clarification on channel coding for UCI HARQ-ACK 8.5.0 8.6.0
27/05/09 | RAN_44 | RP-090528 87 _ | Clarify some parameters for determining control resources on  |8.6.0 8.7.0
PUSCH
01/12/09 | RAN 46 | RP-091168 89 - | Clarification on bitwidth of RI 8.7.0 8.8.0
01/12/09 | RAN 46 | RP-091168 94 - [Correction to Channel interleaver for PUSCH RE Mapping 8.7.0 8.8.0
01/12/09 | RAN 46 | RP-091177 88 1 [Editorial corrections to 36.212 8.8.0 9.0.0
01/12/09 | RAN 46 | RP-091257 95 1 [Introduction of enhanced dual layer transmission 8.8.0 9.0.0
16/03/10 | RAN 47 | RP-100210 96 1 [MCCH change natification using DCI format 1C 9.0.0 9.1.0
16/03/10 | RAN_47 | RP-100211 97 _ | Addition of missing reference to DCI format 2B + typo 9.0.0 9.1.0
corrections
01/06/10 | RAN 48 | RP-100589 98 - | Correction to TBS determination for DCI format 1C 9.1.0 9.2.0
14/09/10 | RAN_49 | RP-100899 99 - | Clarify soft buffer size determination for MCH 9.2.0 9.3.0
07/12/10 | RAN 50 | RP-101320 | 100 - |Introduction of Rel-10 LTE-Advanced features in 36.212 9.3.0 10.0.0
15/03/11 | RAN_51 | RP-110254 | 101 - | Correction on UE behavior upon receiving DCI format 1B 10.0.0 |10.1.0
15/03/11 | RAN 51 [ RP-110256 | 102 - |Corrections to Rel-10 LTE-Advanced features in 36.212 10.0.0 |10.1.0
01/06/11 | RAN 52 | RP-110819 103 | 3 |Correction of DCI format 0 and 4 resource allocation 10.1.0 (10.2.0
01/06/11 | RAN 52 | RP-110819 | 104 [ 2 |Correction to Multi-cluster flag in DCI format 0 10.1.0 |10.2.0
01/06/11 | RAN_52 | RP-110819 | 107 [ 2 |Corrections on HARQ-ACK Channel Coding in the PUSCH 10.1.0 |10.2.0
01/06/11 | RAN 52 | RP-110820 | 108 [ 3 |A clarification for DCI format payload size 10.1.0 |10.2.0
01/06/11 | RAN_52 | RP-110819 | 110 | 1 |Correction the search space and RNTI for CQl and SRS 10.1.0 |10.2.0
request flag
01/06/11 | RAN 52 | RP-110819 | 111 - |Resource dimensioning for CQI only PUSCH transmission 10.1.0 |10.2.0
01/06/11 | RAN_52 | RP-110820 112 1 [Correction on bit representations of transport block processing |10.1.0 (10.2.0
for UL-SCH
01/06/11 | RAN 52 | RP-110818 113 - |Clarification on PMI indication in DCI format1B and format 2 10.1.0 (10.2.0
01/06/11 | RAN_52 | RP-110820 | 114 [ 1 |Rate maching parameters for CA 10.1.0 |10.2.0
01/06/11 | RAN_52 | RP-110819 | 116 - |HARQ-ACK on PUSCH for TDD with channel selection 10.1.0 [10.2.0
configured for 2 serving cells
01/06/11 | RAN 52 | RP-110823 | 117 - |Single codeword multiple layer transmission in uplink 10.1.0 |10.2.0
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Change history

Date TSG # TSG Doc. CR Rev [Subject/Comment Oold New

15/09/11 | RAN 53 [ RP-111228 | 119 | 1 [Corrections on transport block processing for UL-SCH 10.2.0 |10.3.0
15/09/11 | RAN 53 | RP-111230 120 | 2 |On correction of channel coding of control information 10.2.0 (10.3.0
15/09/11 | RAN 53 [ RP-111230 | 122 | 1 [Size adjustment of DCI format 0, 1A and 1 10.2.0 |10.3.0
15/09/11 | RAN 53 | RP-111232 123 | 1 |Corrections on Nsrs 10.2.0 (10.3.0
15/09/11 | RAN 53 | RP-111232 | 124 | 2 [Corrections on DCI format 1B/1D 10.2.0 |10.3.0
15/09/11 | RAN_53 | RP-111228 [ 125 - | Minor Correction on DCI Format 1 Description 10.2.0 |10.3.0
15/09/11 | RAN 53 [ RP-111226 | 127 - |Correction on ACK/NACK mapping 10.2.0 |10.3.0
15/09/11 | RAN_53 RP-111231 | 128 ) I(::(()Jrrrrr(]egttig-ns on channel coding of control information and DCI 10.2.0 |10.3.0

15/09/11 | RAN_53 Clarification and correction to configuration signalling condition [10.2.0 ]10.3.0

RP-111229 | 129 | - |¢5r channel quality information formats

05/12/11 | RAN 54 | RP-111667 | 130 [ 1 |Corrections on codebook index indication in DCI format 4 10.3.0 |10.4.0
05/12/11 | RAN_54 | RP-111666 | 131 [ - |HARQ-ACK on UCI-only PUSCH without UL-SCH data 10.3.0 [10.4.0
28/02/12 | RAN_55 | RP-120283 | 132 [ 2 |Corrections on payload size adjustment for DCI format 1A and 1110.4.0 [10.5.0
28/02/12 | RAN 55 | RP-120283 | 133 [ 1 |Correction of two HARQ-ACK feedback on PUSCH 10.4.0 |10.5.0
28/02/12 | RAN_55 | RP-120285 | 134 | 1 |Miscellaneous corrections 10.4.0 |10.5.0
13/06/12 | RAN 56 [ RP-120739 | 136 - | Correction to Data and control multiplexing 10.5.0 |10.6.0
13/06/12 | RAN_56 RP-120737 | 138 | - ]%cr);zzct:tdl(on to CSl request field size in DCI format 0 and DCI 10.5.0 [10.6.0
04/09/12 | RAN_57 | RP-121272 | 139 - _|Introduction of Rel-11 LTE-Advanced features in 36.212 10.6.0 |11.0.0
04/12/12 | RAN 58 | RP-121839 | 143 - | Correction to the parameter ue-Category-v10xy 11.0.0 |11.1.0
04/12/12 | RAN_58 | RP-121846 | 144 - _|Finalisation for introducing Rel-11 features 11.0.0 |11.1.0
26/02/13 | RAN_59 RP-130255 | 145 ) fAeda(;illJt:ggal clarifications/corrections for introducing Rel-11 11.1.0 |11.2.0
11/06/13 | RAN_60 | RP-130751 | 147 | 2 [Correction on the RI bit width 11.2.0 |11.3.0
11/06/13 | RAN 60 [ RP-130747 | 148 - |CR on DCI Format 4 payload size 11.2.0 |11.3.0
11/06/13 | RAN_60 | RP-130752 | 149 - | Correction on the time span of the DCI 11.2.0 |11.3.0
11/06/13 | RAN 60 [ RP-130752 | 150 - | Correction on ARO bit setting for DL DCls carried by EPDCCH |11.2.0 [11.3.0
11/06/13 | RAN_60 | RP-130750 | 151 - | Clarification on DL DAI usage in inter-band TDD CA 11.2.0 |11.3.0

11/06/13 | RAN_60 Correction to bit padding of DCI format 1A for secondary cell 11.2.0 |[11.3.0

RP-130749 153 - . . -
without uplink component carrier

03/12/13 | RAN_62 | RP-131893 | 155 [ 1 |Correction on parameter ue-Category 11.3.0 [11.4.0
03/12/13 | RAN 62 | RP-131896 | 154 | 3 |Introduction of Rel 12 feature for Downlink MIMO Enhancement |11.4.0 {12.0.0
10/06/14 | RAN_64 | RP-140858 | 156 | - |Clarification on UE antenna port based CRC masking 12.0.0 [12.1.0
10/06/14 | RAN 64 [ RP-140859 | 157 | 1 [Correction on UCI multiplexing on PUSCH 12.0.0 |12.1.0
10/06/14 | RAN 64 | RP-140862 158 - |Introduction of Rel 12 features of TDD-FDD CA and eIMTA 12.0.0 (12.1.0
10/06/14 | RAN 64 [ RP-140858 | 159 - | Clarification of downlink subframes 12.0.0 |12.1.0
10/09/14 | RAN_65 | RP-141485 161 - |CR for 36.212 on 256QAM and LC-MTC 12.1.0 12.2.0
08/12/14 | RAN _66 | RP-142106 163 3 |CR for 36.212 on 256QAM and LC-MTC 12.2.0 12.3.0
08/12/14 | RAN 66 | RP-142098 | 164 | 3 [Clarification of PUSCH rate matching with SRS 12.2.0 [12.3.0
08/12/14 | RAN_66 | RP-142107 | 166 - _|Introduction of Dual Connectivity feature into 36.212 12.2.0 |12.3.0
09/03/15 | RAN 67 | RP-150366 | 162 [ 3 |Introduction of D2D feature into 36.212 12.3.0 |12.4.0
15/06/15 | RAN_68 | RP-150936 | 169 | - |Corrections on eIMTA RRC parameter nhaming 12.4.0 |12.5.0
15/06/15 | RAN 68 [ RP-150937 | 171 | 1 [Correction for 36.212 on soft buffer assumption 12.4.0 |12.5.0
14/09/15 | RAN_69 | RP-151466 | 174 | 1 |Introducing 4-layer MIMO transmission in TM3 and TM4 12.5.0 |12.6.0
14/09/15 | RAN_69 RP-151467 | 175 | 2 Intrqduction of MIMO capability signalling for intra-band 12.50 12.6.0
contiguous CA
07/12/15 | RAN_70 | RP-152038 177 - [Correction on rank indication bit widths 12.6.0 [12.7.0
07/12/15 | RAN 70 | RP-152027 | 178 | 1 [Introduction of Rel 13 feature of eCA 12.7.0 |13.0.0
07/12/15 | RAN_70 | RP-152025 179 1 [Introduction of EB/FD-MIMO 12.7.0 13.0.0
07/12/15 | RAN 70 | RP-152026 | 180 | 2 [Introduction of Rel 13 feature of LAA 12.7.0 |13.0.0
07/12/15 | RAN_70 | RP-152031 182 - |Introduction of Rel 13 features for SC-PTM 12.7.0 [13.0.0
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