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Foreword

This Technical Specification (TS) has been produced by ETSI 3rd Generation Partnership Project (3GPP).

The present document may refer to technical specifications or reports using their 3GPP identities, UMTS identities or
GSM identities. These should be interpreted as being references to the corresponding ETSI deliverables.

The cross reference between GSM, UMTS, 3GPP and ETS! identities can be found under
http://webapp.etsi.org/key/queryform.asp.

Modal verbs terminology
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"cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of
provisions).

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.
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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
aGSM 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”

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 same term, 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.

3.2 Symbols

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

NS Downlink bandwidth configuration, expressed in number of resource blocks [2]
Nag Uplink bandwidth configuration, expressed in number of resource blocks[2]

Nﬁ'é Sidelink bandwidth configuration, expressed in number of resource blocks[2]

N SFEB Resource block size in the frequency domain, expressed as a number of subcarriers
Nomp Number of SC-FDMA symbols carrying PUSCH in a subframe

ETSI
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Number of SC-FDMA symbols carrying PUSCH in theinitial PUSCH transmission subframe

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

3GPP TS 36.212 version 13.8.0 Release 13 8
PUSCH-initial
Nsymb
Ngmo Number of SC-FDMA symbolsin an uplink slot
Narro Number of SC-FDMA symbolsin asidelink slot
Ners

3.3 Abbreviations

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

BCH

CH

CP

Csl

DCI
DL-SCH
EPDCCH
FDD

HI

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

RI

SCl
SL-BCH
SL-DCH
SL-SCH
SR

SRS
TDD
TPMI
ucl
UL-SCH

Broadcast channel

Control Format Indicator

Cyclic Prefix

Channel State Information

Downlink Control Information

Downlink Shared channel

Enhanced Physical Downlink Control channel
Freguency Division Duplexing

HARQ indicator

Licensed-Assisted Access

Multicast channel

MTC Physical Downlink Control Channel
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

Sidelink Control Information

Sidelink Broadcast Channel

Sidelink Discovery Channel

Sidelink Shared Channel

Scheduling Request

Sounding Reference Signal

Time Division Duplexing

Transmitted Precoding Matrix Indicator
Uplink Control Information

Uplink Shared channel
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4 Mapping to physical channels

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

4.1 Uplink

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.

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

Table 4.1-2

Control information

Physical Channel

UcCl

PUCCH, PUSCH

4.2 Downlink

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

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

Table 4.3-1 specifies the mapping of the sidelink transport channels to their corresponding physical channels. Table 4.3-
2 gpecifies 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

SCI

PSCCH

ETSI
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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,, 83,..., 8,1, and the parity bitsby pg, P1, P2, P3yeess Prg- 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:

- Ocrcua(D) =[D#*+DZ®+D®¥ + DY +D¥+ DM+ DY+ D’ + D6+ D>+ D*+ D3+ D + 1] and;
- gorcue(D) =[D? + D%+ D6 + D5+ D + 1] for aCRC length L = 24 and;
- gereis(D) = [D + D2 + 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* 2 +a, D2+ . +a, ,D*+ p,DZ +p,DZ +...+ puD* + pyg

yields aremainder equal to O when divided by the corresponding length-24 CRC generator polynomial, gcrea4a(D) or
Ocrc24s(D), the polynomial:

a,D* +a, D 1. .+a, ;D™ + p,D* +p,D¥ +..+ py, D' + pis

yields aremainder equal to O when divided by gcreis(D), and the polynomial:

aoD " + DA+ +a, D8+ poD’ +pD° +...+ pgDt+ p;

yields aremainder equal to O when divided by gcres(D).

The bits after CRC attachment are denoted by by, by, b, ,bs,...,bg_;, where B = A+ L. The relation between ax and bk is:
b,=a, fork=0,1,2, ... A1

by =p_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.
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Total number of code blocks C is determined by:
if BLZ
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 C;¢,Cy1,C;2,Cr3..-,Cr(k, 1) » 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 segmentation size: K, = minimumK intable5.1.3-3 suchthat C-K > B’
if C=1
the number of code blocks with length K, is C,=1, K_ =0, C_=0
elseif C>1
Second segmentation size: K_= maximum K in table 5.1.3-3 such that K < K,
Ag =K, —K_

C-K,-B
Number of segments of sizeK_: C_ = {A;J .
K
Number of segmentsof 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=0to C-1

if r<C_

else
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end if

while k<K, —L
Cr =bg
k=k+1
s=s+1

end while

if C>1

The sequence c,,C1,C;5,Cr3, Cr(, -1y 1S Used to calculate the CRC parity bits p,, py, Pryyeeor Pr(iog)

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

whilek < K,

Gk = Prk+L—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 ¢, ¢;, €5, C3,...,Cx_1, Where K isthe
number of bits to encode. After encoding the bits are denoted by d{?, d{,d{",d{"....,d{), , where D isthe number of

encoded bits per output stream and i indexes the encoder output stream. The relation between ¢, and d ) 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.

The range for the output stream index i is0, 1 and 2 for both coding schemes.
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Table 5.1.3-1: Usage of channel coding scheme and coding rate for TrCHSs.

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 bitin
uci convolutiogal 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 sy, S;, S, ..., S5, then theiinitial value of the shift register shall be set to

Si = C(k-1-i)
Ck
» D » D » D » D » D > D
/L /L /L /L d{? G, = 133 (octal)
>1) >1) >1) >1) >
1)
% AN AN L3 9€)Gi=171 (octal
U U U U >
% % %3 ok 0, Gz =165 (octal)
U U 'db U ”

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

The encoder output streamsd” , d® and d{® correspond to the first, second and third parity streams, respectively as
shown in Figure 5.1.3-1.
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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:

amzﬁgﬁﬁ,
90(D)

where
go(D) = 1+ D?+ D?,
gi(D)=1+D + D3,

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

The output from the turbo encoder is

0
1)
dlg) _Zk
2 ’
d|£)_zk

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

If the code block to be encoded is the 0-th code block and the number of filler bits is 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,, ¢;,C,,C3,...,Cx_;, and the bits output from the first and second 8-
state constituent encoders are denoted by z,, z,, ,, Z3,..., Zx yand 2y, 21, 25, Z5,..., Zk _1 , respectively. The bits output

from the turbo code internal interleaver are denoted by ¢y, ¢} ,...,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——

A
Cx
}S o » D » D » D
D

Output

Input
Turbo code internal i
interleaver 2nd constituent encoder Z

Qutput
> >\’—‘|: —>
Ck
P » D » D » D
I
D

\ 4

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
congtituent 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 dr(<31 =Zk 410 d+(<32 =Xk d|(<33 =Zkq

1) 1 1) ’ 1) ’
dQ =2z¢, Ay = Xkszr A8 = Z, d05 = Xz

’

2 2 2 2 ’
d|(<) = Xk41 d&ll =Zgs2> dfdz = XK1 d|(<33 =2k
5.1.3.2.3 Turbo code internal interleaver

The bits input to the turbo code internal interleaver are denoted by ¢y, ¢y ,...,Cx_; , Where K is the number of input bits.
The bits output from the turbo code internal interleaver are denoted by cy, ci,...,C 1 -

The relationship between the input and output bitsis as follows:

Ci' =Cry(j), i=0,1,..., (K-1)
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where the rel ationship between the output index i and the input index T1(i) satisfies the following quadratic form:
11() = (f, i+ £, -12)modK
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 f f, i K fi f, i K fi fy i K f f,

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 | 150 | 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 1128 | 15 | 32 |59 | 504 | 55 | 84 | 106 | 1472 | 45 | 92 | 153 | 3904 | 363 | 244
131136 | 9 34 160 | 512 | 31 | 64 | 107 | 1504 | 49 | 846 | 154 | 3968 | 375 | 248
14 1144 | 17 | 108 | 61 | 528 | 17 | 66 | 108 | 1536 | 71 | 48 | 155 | 4032 | 127 | 168
151152 | 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
171168 | 101 | 84 |64 | 576 | 65 | 96 | 111 | 1632 | 25 | 102 | 158 | 4224 | 43 | 264
18 1176 | 21 | 44 | 65| 592 | 19 | 74 | 112 | 1664 | 183 | 104 | 159 | 4288 | 33 | 134
19 1184 | 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 1216 | 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
20 | 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
31 | 280|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
33 296 | 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
35312 | 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
43 [ 376 | 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

OO NOO|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
d® s VO . W : , &
ub-block K o Bit k Bit selection }
interleaver "1 collection and pruning
d 152) 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 véo) , vl(o) \ véo) v(Kor)[ _,and whereK; isdefined in subclause 5.1.4.1.1.

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

sequence defined asvél) ) Vfl) ) Vgl) V}(<11)1 -1

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

RISV

sequence defined asv,
The sequence of bits e, for transmission is generated according to subclause 5.1.4.1.2.
5.1.4.1.1 Sub-block interleaver

The bits input to the block interleaver are denoted by d’,d®,d{,....d?), , where D isthe number of bits. The output
bit sequence from the block interleaver is derived as follows:

(1) Assign CJ$,,.« = 32to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1,
2,...,Ca%o —Lfrom left to right.

(2) Determine the number of rows of the matrix R;%b,ock , by finding minimum integer R;%bmck such that:

IC TC
D< ( bblock X Caiiobl ock)

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

() If ( T(t:)blockxc;%block)> D, then Np = (R;%blockxcsTu%block - D) dummy bits are padded such that yx = <NULL>
fork=0,1,...,No-1.Then, yy_ .« = d® k=0, 1,..., D-1, and the bit sequence yx is written into the

( o ook xC;%block) matrix row by row starting with bit yo in column 0 of row O:
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Yo Y1 Yo

Yere
Caubblock =1

Yere Yere Yere Y,e1c
Caubblock Caubblock +1 Caubblock +2 . 2Cqabblock—1

Y Y

TC TC TC TC TC TC TC TC
(Reubblock ~D*Csubblock y( Raubblock ~DXCsubblock +1 y( Raubblock ~D*Csubblock +2 (Reubblock*Csubblock =1

For d{®andd®:

(4) Perform the inter-column permutation for the matrix based on the pattern < P(j )) } that isshown in

je{O,l ..... IS hiok-1
table 5.1.4-1, where P(j) isthe origina column position of the j-th permuted column. After permutation of the
columns, the inter-column permuted (R;%block xc;%b,ock) matrix is equal to

Yp(0) Yp@) Yr(2) Y BTG 00D
yP(0)+§;Ct)b| ock yP(1)+(?;Cbb| ock yP(2)+§;Cbb| ock . yP(CLCbe ockj1)+CLCt)b| ock
TC TC TC TC TC e .- TC TC TC
yP(0)+( Raubblock ~D*Caubblock yP(l)+( Raubblock ~D*Caubblock yP(2)+(Rsubb| ock ~LXCaubblock yP(Csube 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;%block X C;%b,ock) matrix. The bits after sub-block interleaving are denoted by v’ , v v{) vﬂfj B

i i IC TC
, where v{ correspondsto Yp(g), i toy,, Oscle,,., - Ky = (wablockxcwbb,ock).
(2) .
Ford,”:
_ ; ; 2 3 \,? (2 2 _
(4) The output of the sub-block interleaver is denoted by vy~ , v, , V5 e Vg g where v, =y, and where

k
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
TC TC
Caiiblock < P(0), P(D).,...,P(Cqppioek —1) >

<0, 16, 8, 24, 4, 20, 12, 28, 2, 18, 10, 26, 6, 22, 14, 30,

82 1,17,9, 25, 5, 21, 13, 29, 3, 19, 11, 27, 7, 23, 15, 31 >

5.14.1.2 Bit collection, selection and transmission

Thecircular buffer of length K, = 3K{; for ther-th coded block is generated as follows:
w, =v{? fork=0,..., K -1
Wi +2k :vf(l) fork=0,..., Ky -1

WKn+2k+l :VI((Z) fOI’ k: O,..., KH _1

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:
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- 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 isequal to:

N = Nsoft
" Kc ’ KMIMO ’ min(M DL_HARQ M Iimit)

where:

If the UE signals ue-CategoryDL-v1310 indicating UE category M1, N« 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 maxLayer sSMIMO-
r10 is configured to eightLayers, Nsr: i the 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 for the DL
cell, Ny 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, Nyt is the total number of soft channel bits according to the UE category indicated by ue-Category-v11a0.
Otherwiseg, 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, Nyt is the total number of soft channel bits [4] according to the UE
category indicated by ue-Category-v1020 [6]. Otherwise, Nsf: IS the 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
Kec=2
end if.
elseif Neort = 19488768,
if the UE is configured by higher layers with altCQI-Table-r12,
Kec=2
else
Kc=8/3

end if.
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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 layersindicated by the maxLayersMIMO-
r10 field is no more than two,

Kc=3
else

Kc=3/2
end if.

elsalf Ngit = 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 layers indicated by the maxLayersMIMO-r10 field is no more than two,

Ke=2
else

Kec=1
End if.

Kmimo 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 is equal to 1 otherwise. For BL/CE UE Kuimo is equal to 1.

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

Denoting by E the rate matching output sequence length for the r-th coded block, and rvig the redundancy version
number for this transmission (rviex = 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.
SetG' = G/(NL -Qm) where Qnisequa to 2 for QPSK, 4 for 16QAM, 6 for 64QAM and 8 for 256QAM, and where
- For transmit diversity:
- Nisegua to 2,
- Otherwise:
- N_isegual to the number of layers atransport block is mapped onto
Set ¥ = G"mod C , where C is the number of code blocks computed in subclause 5.1.2.
if r<C-yp-1
stE=N,-Q, |G /C]
else
stE=N_-Q, [G'/C]
end if

TC

N . . .
Setky = RIS, o .[2. {BR—wa Vg + 2} , where RI%oc iSthe number of rows defined in subclause 5.1.4.1.1.
subblock

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

ETSI



3GPP TS 36.212 version 13.8.0 Release 13 21 ETSI TS 136 212 V13.8.0 (2018-07)

if Wi+ jymodng, #< NULL>

& = Wi +j)modNg,
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.

(0) (0)
dy Subblock | Vi |
> interleaver d
virtual circular
buffer
d® s v® . W : , &
ub-block K o Bit k Bit selection }
interleaver "1 collection and pruning
d 152) Sub-block V|(<2)
) »
interleaver d

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

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

sequence defined as v, v{” ,v§,..,.v | and where Ky is defined in subclause 5.1.4.2.1.

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

sequence defined asvg? v v .. v .

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

sequence defined asv(()z) , Vl(z) , ng) Vf<211 -1

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

51421 Sub-block interleaver

The bitsinput to the block interleaver are denoted by dg) ,dl(i) , dg) ,...,dg)_l , Where D is the number of bits. The output
bit sequence from the block interleaver is derived as follows:

(1) Assign ngcbblock = 32to be the number of columns of the matrix. The columns of the matrix are numbered O, 1,
2,...,CS8 ok —1from left to right.

(2) Determine the number of rows of the matrix R;%block, by finding minimum integer R;%b,ock such that:
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(RSJbb| ock subbl ock )

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

(3 1 (R0 X C 00k )> D . then Ny = (RS0 X CSSy00 — D dummy bits are pardded such that yi = <NULL>
fork=0,1,...,No- 1. Then, yy . =d’ k=0, 1,..., D-1, and the bit sequence yx is written into the

(@Cﬁb,mk xc;i‘;b.ock) matrix row by row starting with bit yo in column 0 of row O:

Yo Y1 Yo Yoco
subblock
Ycc Y.cc Y.cc Y, ~cc
Csupblock Csubpmck +1 Cwbb_lock +2 . 2Csub_b|ock -1
cc Y cc Y occ cc Y occ
(Rebblock 1)Xcsubb|ock (Rebblock 1)Xcsubb|ock +1 (Repbiock ~D*Capbiock 2 (Repblock Csubblock -1

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

je{o,l ..... CS ok -1
table 5.1.4-2, where P(j) is the origina column position of the j-th permuted column. After permutation of the
columns, the inter-column permuted (Fglbblock szJbblock) matrix is equal to

Yp(0) Yp@) Ypr(2) Y b(CSE 1)
cc cc cc cc cc
yP(0)+(?mbb|ock yP(l)+(§subb|ock yP(2)+(_3stb|ock yP(CsubbmckleCwbuock
yP(0)+(R§JCbb| ook ~DXCSFblock yp(l)+(RgJ%bl ook ~DXCSFpiock yP(2)+( RS Bblock-DXCSSblock yP(CgJCbe ook ~D+HRSBbiock~DXCSblock

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

permuted (F{iﬁblock X C;%b,ock) matrix. The bits after sub-block interleaving are denoted by v’ , v v .. ﬁ)n 1

i i c cc
where v{ correspondsto Yp(g, V" to VoSt - ad Kn =(F§bb,ockxcwbb,ock)

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(Ceiock —D >
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

Thecircular buffer of length K, = 3K{; is generated as follows:
w, =v{? fork=0,..., Ky -1
Wi, +k :vl((l) fork=0,..., Ky -1
Woi ; +k :vl((z) 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}
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if Wjmoak, #<NULL>

€& = Wjmodk,,
k=k+1
end if
ji=j+1
end while
5.1.5 Code block concatenation

The input bit sequence for the code block concatenation block are the sequences e, , for r =0,...,C -1 and
k=0...., E, —1. The output bit sequence from the code block concatenation block is the sequence f, for
k=0,.,G-1.

The code block concatenation consists of sequentially concatenating the rate matching outputs for the different code
blocks. Therefore,

Set k=0Oand r=0
while r <C
Set j=0
while j < E,
szerj
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 SCell.

521 Random access channel

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

Code block concatenation

Multiplexing of data and control information

Channél 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].
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Figure 5.2.2-1: Transport block processing for UL-SCH.

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

The entire transport block is used to calculate the CRC parity bits. Denote the bitsin a transport block delivered to layer
lbyay,a,a,,8;,..,a, 1, and the parity bitsby pg, p1, P2, P3,-- PL_1- Alisthe size of the transport block and L isthe

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].

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

Code block segmentation and code block CRC attachment are performed according to subclause 5.1.2.
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The bits after code block segmentation are denoted by C,q, C;1,C2, Cy3,--,Cr(k, -1) » Where T isthe 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:Cr1:Cr2:Crase Cr(k, -1) » Wherer isthe code block number, and K; is the number of bitsin code block number r.

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

After encoding the bits are denoted by d7,d,d9,df) ..., d{{}, ), withi = 0,1, and 2and where D, is the number of

bits on the i-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{,dY,df3,dY,....d{,, _;), with

i =01,and 2, and wherer isthe code block number, i is the coded stream index, 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 4,6 1,€2,€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 bits input to the code block concatenation block are denoted by €.4,6 1,8 ,€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, and joint report of RI/PTI), CRI and channel quality information
0p,0;,05,...,0n_4 IS doneindependently.

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 hits, 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 hits as follows.

For the case when only one transport block is transmitted in the PUSCH conveying the HARQ-ACK bits, rank indicator
bits or CRI bits:
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PUSCH —initial PUSCH —initial PUSCH
MSC 'Nwmb 'ﬁoﬁset 4 MpuxH
) : SC

Cc-1
3K,
r=0

Q' =min

where

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

- M5 isthe scheduled bandwidith for PUSCH transmission in the current sub-frame for the transport block,
expressed as a number of subcarriersin[2], and

- N%P,L,JTECH'"““al isthe number of SC-FDMA symbols per subframe for initial PUSCH transmission for the same

transport block, respectively, given by NE/2H ™1 = (2~ (N;ernb —1)— NSRS), where

- Ngs isequa tol

- 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, 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], or

- if the subframe for initial transmission 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 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 g isequal to 0.

- MPuseRHnta CC and K, are obtained from the initial PDCCH or EPDCCH or MPDCCH for the same
transport block. If thereisno initial PDCCH or EPDCCH with DCI format 0 or MPDCCH with DCI format 6-
0A/6-0B for the same transport block, M 2/SH=Mta " C and K, shall be determined from:

- the most recent semi-persistent scheduling assignment PDCCH or EPDCCH or MPDCCH, 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.

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(Q{am, 4-M JoseH ) Qan] with

PUSCH —initial (1) ; PUSCH —initial (1) s PUSCH —initial (2) n; PUSCH —initial (2) PUSCH
O-Mg 'Nsymb ‘Mg 'Nsymb B

, offset
Z Kr(l) M SF'CUSCH —initial (2) NSI;LrJn%CH —initial (2) + Z Kr(2) M sF::U$H —initial (1) NSF;/L#)&H —initial (1)
r=0 r=0

where

- O isthe number of HARQ-ACK bits, rank indicator bits or CRI bits, and
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Qi =0 if 0<2,Qy, =[20/Q, ] if 320 <11 with Q, = min(QY, Q%) where Q% x =12} 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].

- MposerntE() [y 1124 are the scheduled bandwidths for PUSCH transmission in the initial sub-frame for the
first and second transport block, respectively, expressed as a number of subcarriersin [2], and

- NSEMER0 {12} are the number of SC-FDMA symbols per subframe for initial PUSCH transmission for

the first and second transport block given by Ngﬁqﬁc”"”“‘a‘(x) = (2- (Ns%b —1)— Né,é)s), x={12 , where

- Ng?)s,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 initial transmission of transport bock "x" even partially 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.

- MEPUSERENA) [y — 12y, € x={1,2} , and K¥,x={12} are obtained from theinitial PDCCH or
EPDCCH for the corresponding transport block.

For HARQ-ACK, Q.o =Q,, - Q" and Bt = B2 ‘where Q. isthe modulation order of agiven

transport block. For UEs configured with no more than five DL cells, ,Bo':f;tRQ_ACK shall be determined according to [3]

depending on the number of transmission codewords for the corresponding PUSCH. For UES configured with more

than five DL cells, ,B Tf;tRQ’ACK shall be determined according to [3] depending on the number of transmission

O

codewords for the corresponding PUSCH and and the number of HARQ-ACK feedback bits.

For rank indicationor CRI, Qg = Q.- Q", Qg = Q,,- Q" and B = B2 . whereQ, is the modulation

order of agiven transport block, and ﬁ ofise. Sall be determined according to [3] depending on the number of

transmission codewords for 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.

For HARQ-ACK

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

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

ACK

- If HARQ-ACK feedback consists of 2-bits of information, i.e., [oACK ACK] with O, corresponding to

HARQ-ACK bit for codeword 0 and 01ACK corresponding to that for codeword 1, or if HARQ-ACK feedback
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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/**)ymod2.

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

Qm Encoded HARQ-ACK
2 [05° ¥]

4 [0 y x X]

6 [00 y x x x X]

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

Qm Encoded HARQ-ACK
2 ACK _ACK _ACK _ACK _ACK . ACK
[0g " 0] " 07 05" 0 0, ]
4 [089° 0 x x 05 0/ x x 0/ 0/ x X]

[06ACK olACK X X X X of‘CK 0§CK X X X X 01ACK O?CK X X X X]

- If HARQ-ACK feedback consists of 3<O”“K <11 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 ~ACK ~ ACK

Op " O 4oy OgACK 4 then a coded bit sequence gy ¢ ,....03; " isobtained by using the bit sequence
05 oK ..., 03%,( _, astheinput to the channel coding block described in subclause 5.2.2.6.4. In turn, the bit
sequence 5, gf*™, a5 ..., a4 isobtained by the circular repetition of the bit sequence

0g K g ,...,04°¢ sothat thetotal bit sequence length is equal to Qacy -

- If HARQ-ACK feedback consists of 11< 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, i.e.,
ACK _ ACK ACK ACK ACK ACK ACK

Op " 01 4y OgACK 4 then the coded bit sequence gy , 0,0z 1., gy 1 1S ODtained by using the bit
sequence 05 of ™ ..., 055 | astheinput to the channel coding block described in subclauise 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, a*™, a5 ..., ajos ;. 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,
respectively. The input bit sequence to the CRC attachment operation is 0/¢ 0/*°¢ ..., OQ%K _,- 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 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 bit
sequence dg <", g, 93 ..., a5~ 4 is obtained 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 -

ETSI



3GPP TS 36.212 version 13.8.0 Release 13 30 ETSI TS 136 212 V13.8.0 (2018-07)

For UEs configured by higher layers with codebooksizeDetermination-r13 = dai, the bit sequence
60 6/ ..., 6"  isdetermined according to the Downlink Assignment Index (DAI) asin Table 5.3.3.1.2-2 and

1y OACKfl

as defined in [3]. Otherwise, the bit sequence 6, 6, ..., 6255  is determined as below.

For FDD when HARQ ACK consists of 2 or more bits of information as a result of the aggregation of more than one
DL cell, the bit sequence 6, 6, ..., 6/% | isthe resut of the concatenation of HARQ-ACK hbits 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 Qs 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

6, = HARQ-ACK bit of this cell

j=j+1
else
if the UE is not configured with spatial bundling on PUSCH by higher layers GJ-ACK = HARQ-ACK hit
corresponding to the first codeword of this cell
j=j+1
ACI

Gj K = HARQ-ACK bit corresponding to the second codeword of this cell

j=j+1
else

GjACK = 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
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, the bit sequence G, 6, ..., 6°% _ istheresult of the concatenation of HARQ-ACK bits for one or

PR | OACKfl

multiple DL cells. Define N 24, asthe number of cells configured by higher layersfor the UE and B> 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 elmta-HARQ-ReferenceConfig, and determined by the UL/DL configuration otherwise. For a

cell using TDD, Bf" =1 if subframe n-4 in the cell isa DL subframe or a special subframe with special subframe
configurations 1/2/3/4/6/7/8/9 and normal downlink CP or a specia subframe with special subframe configurations
1/2/3/5/6/7 and extended downlink CP, and BP" =0 otherwise. For acell using FDD, B =1.

ETSI



3GPP TS 36.212 version 13.8.0 Release 13 31 ETSI TS 136 212 V13.8.0 (2018-07)

The bit sequence 6, 6;'°“ ..., 675, | 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 hbit index
whilec< Ny
DL _
if B =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 UE is not configured with spatial bundling on PUSCH by higher layers 6] = HARQ-ACK bit
corresponding to the first codeword of this cell

i=i+1
GJ.ACK = HARQ-ACK bit corresponding to the second codeword of this cell
j=j+1
else
GJ.ACK = binary AND operation of the HARQ-ACK bits corresponding to the first and second codewords
of thiscell
j=j+1
end if
end if
end if
c=c+1
end while

For the cases with TDD primary cell when HARQ-ACK is for 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 67 6/ ..., 6/

OACK 1
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 N2 asthe 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 c=0— cell index: lower indices correspond to lower RRC indices of corresponding cell

whilec < N
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set| =0;
whilel < B>

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 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
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

0, = 0ofI™ HARQ-ACK bit of this cell as defined in Subclause 7.3 of [3]
j=j+1
else
[6,%,0,71=[0l5",0/51] HARQ-ACK bits of this cell as defined in Subclause 7.3 of [3]
j=i+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 is used in at least one of the configured serving cells with TDD primary cell, spatial bundling is
applied to al 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, the multiplexing of HARQ-ACK hitsis performed
according to the following pseudo-code:
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Set ¢ = 0 —cell index: lower indices correspond to lower RRC indices of corresponding cell
Setj = 0—HARQ-ACK bit index
whilec< N2

set1=0;

whilel < B2

if transmission mode configured in 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/ = 0 pj nary 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 0" <11 or o"* > 22, the hit sequence 0¥ o/*" ,...,OQ%K _, isobtained by setting o =",
For 11< 0" < 22, the bit sequence 05 o/*X ,...,OQ%K _, isobtained by setting 0/S" =6" ifiisevenand
ACK =" ifiisodd.

O(OACK /2]+(i-1)/2 |

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 sequenceos“® o/*°¢ ..., OS‘%K , isobtained as described in

subclause 7.3 of [3].

For TDD HARQ-ACK bundling, abit sequence q; <, q,"“,q,“ ..., aQii:—l is obtained by concatenation of

multiple encoded HARQ-ACK blocks where Qo 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 lengthis

equal toQack - A scrambling sequence [W(?CK W K W O g K ] is then selected from Table 5.2.2.6-A with index
i = (Nyygeg —1)M0d4, where N, o iSdetermined as described in subclause 7.3 of [3]. The bit sequence
96, af ™, a2 ...adss 4 isthen generated by setting M =1 if HARQ-ACK consists of 1-bit and M= 3 if

HARQ-ACK consists of 2-bits and then scrambling g <, ¢, q," ,..., ﬁ&if& asfollows

Seti ktoO

while i < Qacx

it G =y  // place-holder repetition bit
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0" = (@ + wih Jmod 2
k = (k +1)mod4m
else
it G = X // aplace-holder bit
o = G
else // coded bit
@ = g Jmoo2
k=(k+2)mod4m
end if
=i+l

end while

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

i lWéACK \NlACK WZACK W;CK J
[1111]
[1010]
[1100]
[L1001]

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,...,qQA,CK |+ Where inCK ,
- - —~ACK -
i =0,...,Qcx —1 are column vectors of length (Q,- N, ) and where Q/xox = Qack / Qp i Obtained as follows:

Seti ,ktoO

while i < Qacx

§ :CK [ inCK ___qiﬁgﬁfl] -- temporary row vector
N
—_—
q I,:CK 14 ?CK 4 kACK T -- replicating the row vector § l’jCK N. times and transposing into a column vector

i=1+Qpn
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, and joint report of RI and PTI) or CRI
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The corresponding bit widths for CRI feedback for PDSCH transmissions are given by Tables 5.2.2.6.1-2A,
5.2.2.6.2-3A,5.2.2.6.3-3A, 5.2.3.3.1-3E, and 5.2.3.3.2-4E,

The corresponding bit widths for RI feedback for PDSCH transmissions are given by Tables 5.2.2.6.1-2,
5.2.2.6.1-2B,5.2.2.6.2-3,5.2.2.6.2-3B, 5.2.2.6.3-3, 5.2.2.6.3-3B, 5.2.3.3.1-3, 5.2.3.3.1-3A, 5.2.3.3.1-3B,
5.2.3.3.1-3C, 5.2.3.3.1-3D, 5.2.3.3.2-4, and 5.2.3.3.2-4A, 5.2.3.3.2-4B, 5.2.3.3.2-4C, 5.2.3.3.2-4D 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 layersis determined
according to maxLayersMIMO-r10 for the DL cell

Else,

If the UE is configured with transmission mode 9, 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 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
the supportedM IM O-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 supportedM M O-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 10, 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 configured number of CSI-RS portsfor 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-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 CSI 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 RI and CRI are transmitted in the same reporting
instance, and the supportedM M O-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 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).
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- If RI feedback consists of 1-hit of information, i.e., [ogI ], itisfirst encoded according to Table 5.2.2.6-3. The
[ogI ] to RI mappingisgiven by Table 5.2.2.6-5.

- If RI feedback consists of 2-bits of information, i.e., [ogI olR' ] with 00RI 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 o = (o +0f' ) mod2.

The [05*' olR' ] to Rl mapping is given by Table 5.2.2.6-6.

Table 5.2.2.6-3: Encoding of 1-bit RI.

Qm Encoded RI
2 [05' Y]

4 [og yxX]

6 [0f yxxxx]

Table 5.2.2.6-4: Encoding of 2-bit RI.

Qm Encoded RI

? [oF' of off off off o]

4 [0(?' olR' X X 02R' 05' xxolRI 02R' X X]

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

Table 5.2.2.6-5: 00RI to RI mapping.

ngl RI
0 1
1 2

Table 5.2.2.6-6: Og' , 01RI to RI mapping.

RI RI

oy o

ROk |O

Plelolo

AIWIN|F

Table 5.2.2.6-7: 05' , 01RI , OZRI to RI mapping.

P,

R R R
O, 0,0,

i =ll=ll=]l=]
==l =]l=)
Rlo|k|o|r|o|r|o

N[O |WIN|F-
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- If RI feedback for agiven DL cell consists of 3-bits of information, i.e., [00 o1 02 ] with Oc'f' corresponding

to MSB of 3-bit input and o2 corresponding to LSB. The [oO 01 o2 ] to Rl mapping is given by Table
5.2.2.6-7.

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

oR' 1

R ] astheinput to the channel coding

[q ~ - ,q31] is obtained by using the bit sequence [of "’OOR'—l

block deSCI’I bed in subclause 5.2.2.6.4.

- If Rl feedback consists of 11 < OR < 22 bits of information as aresult of the aggregation of RI bits

corresponding to multiple DL cells or multiple CSI processes, i.e., [l o ... ], then the coded bit

ORI

sequence q¢' ,af" a5 ..., dg,, 4 isobtained by using the bit sequence [og' of ] astheinput to the

oR' -1
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., [of o ,.. ], then the coded bit sequence is denoted by

ORl
¢ .af’ a5 ..., dg,, -1 - 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 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 cells is 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 ,q1 ' q2 " 'qQR| 1! .

obtained by concatenation of multiple encoded RI blocks where Qg, isthe total number of coded bitsfor al the
encoded RI blocks. The last concatenation of the encoded RI block may be partial so that the total bit sequence lengthiis
equal toQg, -

For the case where RI feedback consists of 3< QR <11bits of information, the bit sequence qO ,ql ,q2 - ,qQRI 4 is
obtained by the circular repetition of the bit sequence G¢° G, ,...,Ga; S0 that the total bit sequence length is equal to
Qg -

For the case where CRI feedback isto 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

all transport blocks of that PUSCH. For a given transport block, the vector sequence output of the channel coding for
RI RI

rank information is denoted by qg' q) ,...,qQ, l,where qiR' , 1 =0,...,Qf —1 are column vectors of length
g 02 QR - A

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

Seti,j, ktoO

while i < Qg

qliu =[qiRI .--qEmel] -- temporary row vector
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N

RI
q [d - q I]T -- replicating the row vector c_jk N times and transposing into a column vector

i=i+Q,
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 Rl 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

& in | (O L) MEVS 0 N ) R | Q)
- c symb Q(X)
z Kr(x) m
r=0
where
- O isthe number of CQI/PMI bits, and
<
- L isthe number of CRC bitsgivenby | = 0 0 _1_1 ,and
8 otherwise
- Quu =QW - Qand Bug " = P where S, shall be determined according to [3] depending on the

number of transmission codewords for 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(X) =

Thevariable"x" in Kr(x) represents the transport block index corresponding to the highest Imcs 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 2P =M “C 0 ang KX are obtained from the initiad PDCCH
or EPDCCH or MPDCCH for the same transport block. If thereis no initial PDCCH or EPDCCH with DCI format O or
MPDCCH with DCI format 6-0A/6-0B for the same transport block, M JYSH =M1 “C 09 "and KM shall be
determined from:

- the most recent semi-persistent scheduling assignment PDCCH or EPDCCH or MPDCCH, when the initia
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.

N PUSCH —initial (x) .
symb

transport block.

is the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the same

For UL-SCH datainformation G=N® - (N M ZST.QY —Q, _Q(X)) where

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

- M5 isthe scheduled bandwidth for PUSCH transmission in the current sub-frame for the transport block,
and

- N isthe number of SC-FDMA symbolsin the current PUSCH transmission sub-frame given by
Nomp - = (2~ (Nstj,ﬁqb—l)— NSRS), where

- 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, or

- if UE transmits PUSCH and SRS in the same subframe 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], or

- if the current subframe in the same serving cell is a UE-specific type-1 SRS subframe as defined in
Subclause 8.2 of [3], or

- if the current subframe 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 Ngg isequa toO.

In case of CQI/PMI report for more than one DL cell, 04, 0,,0,,...,05_; isthe result 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, 0,,0;,0,,...,04_; istheresult 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 sizeisless than 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;,05,...,00_1 -

- 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, 0;,0,,...,00_; - 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, -Qegi -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, 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' for a CSl process with K>1, and K=1 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].

Table5.2.2.6.1-1C 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
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configured with PMI/RI reporting with 8/12/16 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-
Typeissetto 'CLASS A"

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 alternativeCodebookEnabledCLASSB_K1=TRUE configured.

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

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

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

O ©
for CodebookConfig=2, (S;, S, )= (Ol’éj for CodebookConfig=3, (S, S, )= (01,72] for
CodebookConfig=4. The parameters (S, S, ) in rank 5 to 8 are defined as (S;, S, ) = (1, 1) for CodebookConfig=1,

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

Table 5.2.2.6.1-1: 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 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, 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, and K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE, except with alternativeCodeBookEnabledFor4TX-

r12=TRUE).
Field Bit width
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 AN

Table 5.2.2.6.1-1A: Fields for channel quality information feedback for wideband CQIl and subband
PMI 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 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 K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE).

Bit width

Field 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 il 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 5.2.2.6.1-1B: 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, 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 4 antenna ports with K>1, and K=1 except
with alternativeCodebookEnabledCLASSB_K1=TRUE, with alternativeCodeBookEnabledFor4TX-

r12=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 0 0
Subband second PMI i2 4N 4N 4N 4N

Table 5.2.2.6.1-1C: Fields for channel quality information feedback for wideband CQIl 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)

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
Wideband N,O, 7-N N,O, 7-N
first PMI [log,(N,0,)] [log,(N,0,)] Pogz (#ﬂ{—ZJ log, | —— { 2J
i1,1 S 3 S 3
Wideband
first PMI [10g;(N,0;)] [10g,(N,0,)] DOQz ( Nzoz)—l |_|ng (N0, )—|
i1,2
Subband
second PMI 2N 2N N N
i2
Field Bit width
Rank =5 | Rank = 6 | Rank =7 Rank =8
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Wideband

cQl
codeword 1

Wideband
first PMI
i1,1

’_|092 ( N101/ Sl)—|

|_|ng ( Nlol/Sl)—‘

|_|ng ( Nlol/Sl)—‘

|_|ng ( Nlol/Sl)—‘

Wideband
first PMI
i1,2

[1og, (N,0,/S,)]

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

[1og, (N,0,/S,)]

[1og, (N,0,/S,)]

Subband
second PMI
i2

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)

Field

Bit width

Rank =1

Rank =2

Rank =3

Rank = 4

Wideband
CQl

codeword 0

4

4

4

Wideband

cQl
codeword 1

4

Wideband
first PMI
i1,1

ﬂ 0g,(N,O; / Zﬂ

ﬂ 0g,(N,O; / Zﬂ

kvl

Wideband
first PMI
i1,2

’_l 0g,(N,0,/ 2)-|

’_l ng(Nzoz /2)-‘

]

Subband
second
PMI i2

4N

4N

4N

Field

Bit width

Rank =5

Rank = 6

Rank =7

Rank= 8

Wideband
CQl

codeword O

4

Wideband

CQl
codeword 1

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(N202 / Sz)—|

Subband
second
PMI i2
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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)

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 2N N 3N 3N 2N N
Field Bit width
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.

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.

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)

Field Bit width
Wide-band CQI 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)

Field Bit width
Rank =1 | Rank > 1
Wide-band CQI codeword 0 4 4
Wide-band CQI codeword 1 0 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, 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 K=1 except with alternativeCodebookEnabledCLASSB_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].

ETSI



3GPP TS 36.212 version 13.8.0 Release 13 44 ETSI TS 136 212 V13.8.0 (2018-07)

Table5.2.2.6.1-1J}1 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 antenna ports and higher layer parameter eMIMO-Type, and
eMIMO-Typeisset to 'CLASSA'.

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 alternativeCodebookEnabledCLASSB_K1=TRUE.

For Table 5.2.2.6.1-1H, Table 5.2.2.6.1-1l, Table 5.2.2.6.1-1J, Table 5.2.2.6.1-1J1, Table 5.2.2.6.1-1}-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 and Table 5.2.2.6.1-1J-2, the codebook

configuration ( N;,N,,O, 02) isdefined in [3], and CodebookConfig is configured by higher layers[6]. The

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

o) @)
for CodebookConfig=2, (S,,S, )= (01’72) for CodebookConfig=3, (S, S, )= (Ol'jzj for
CodkbookCorfig=4, The prameers (S,, S, ) inrank 508 aredefined s (S;, ;) = (1, 1) for CocbookcCortig=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, and
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 K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE, except with 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
Wide-band CQI codeword 1 0 4 0 4
Precoding matrix indicator 2 1 4 4

Table 5.2.2.6.1-1I: 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, 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 K=1 except with alternativeCodebookEnabledCLASSB_K1=TRUE).

Bitwidth

Field 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 il 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 5.2.2.6.1-1J: 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, and 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, and K=1 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 =1 Rank =2 Rank =3 Rank =4

Field

Wideband
CQl
codeword 4 4 4 4
0
Wideband
CQl
codeword 0 4 4 4
1

Wideband _ _
firsizli?v?l ﬂOQZ(Nlol)—‘ ﬂOQZ(Nlol)—‘ {'092(“‘;?1 ﬂ‘{7 3N2J {'092(“‘;?1 ﬂ‘{7 3N2J
Wideband
ﬁrs'tlel ’_|092(N202)-| ’_|092(N202)-| ﬂogz(Nzoz/Szﬂ ﬂOQz(Nzoz/Szﬂ
Widei)and
second 2 2 1 1
PMI i2

Field Rank =5 I

Bit width
Rank = 6 | Rank =7 Rank =8
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Wideband
CQl
codeword
1

Wideband
first PMI
i1,1

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

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

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

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

Wideband
first PMI
i1,2

’_|092 ( N,O, / Sz)—‘

’_|092 ( N,O, / Sz)—‘

’_|092 ( N,O, / Sz)—‘

’_|092 ( N,O, / Sz)—‘

Wideband
second
PMI i2

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, 7-N, N,O 7-N,
IPeM??l,llrSt [log,(N,0,/2)] | [l0g,(N,0,/2)] {'092( ;ll }L 3 J POQZ[ élﬂJ{ 3 J
Wideband fi N,O N,O.
IPeM?Pl,zlrSt [10g,(N,0,/2)] | [log,(N,0,/2)] POQZ( ;Z 2 ﬂ {'092[ éz Zﬂ
Wideband
second PMI i2 4 4 4 3
] Bit width
izl 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
ot | [1og, (N0 /S)] |[1og,(NO,/S)T|  [log,(NO,/S)] [log, (N,O,/S)]
- .
Wlie,a?rldlzlrﬁ (Ing(Nzozlszﬂ |_|092(N202/SZ)—| (lng(NzoZ/Sz)—‘ |_|092(N202/SZ)—|
Wideband
second PMI i2 0 0 0 0
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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)

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 =5 to 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

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, 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
isset to 'CLASS B' with K=1, transmission mode 9/10 configured with PMI/RI reporting with 8/12/16 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.

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 CSI
reporting with K>1 CSI-RS resources and one port per CSI-RS resource.

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, 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 and more than one ports for at least one CSI-RS resource.

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, and 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 is set to 'CLASS
B' with K=1, and transmission mode 9/10 configured with PMI/RI reporting with 8/12/16 antenna ports
and higher layer parameter eMIMO-Type, and eMIMO-Type is 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).

Bit width
. 4 antenna ports 8/12/16 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
_ Rank 1 1 2 ! 2 3
indication
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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 and 1 port per CSI-RS resource).

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

Field

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, 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 and >1

ports for at least one CSI-RS resource).

Bit width
. 4 antenna ports 8 antenna ports
FIEld 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, (K)] [log,(K)] | [log,(K)] | [log,(K)] | [log,(K)] | [log,(K)]
Rank 1 1 5 1 2 3
indication

The channel quality bitsin Table 5.2.2.6.1-1, Table 5.2.2.6.1-1A, Table 5.2.2.6.1-1B, Tahle 5.2.2.6.1-1C, Table
5.2.2.6.1-1D, Table5.2.2.6.1-1E, Table5.2.2.6.1-1F, Table5.2.2.6.1-1G, Table5.2.2.6.1-1H, Table 5.2.2.6.1-1I, Table
5.2.2.6.1-1J, Table5.2.2.6.1-1J-1, Table 5.2.2.6.1-13-2 Table 5.2.2.6.1-13-3 and Table 5.2.2.6.1-2B form the bit
sequence 0gy, 0;,0,,...,00_; With 0, corresponding to thefirst bit of the first field in the table, o, corresponding to the

second bit of thefirst field in the table, and o5_; corresponding to the last bit in the last field in the table. The field of

PMI shall bein the increasing order of the subband index [3]. The first bit of each field correspondsto MSB and the last
bit LSB. The RI bits sequence in Table 5.2.2.6.1-2 and Table 5.2.2.6.1-2B and the CRI sequence in Table 5.2.2.6.1-2A
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
5.2.2.6.1-2B refers to the maximum number of antenna ports of K CSI-RS resources configured for the CSl-process for
the UE.
5.2.2.6.2 Channel quality information formats for higher layer configured subband CQI
reports

Table 5.2.2.6.2-1 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 antennaport. N in Table 5.2.2.6.2-1 is defined in subclause 7.2 of [3].

Table5.2.2.6.2-1A 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-Type is set to ‘CLASS B' with 2/4/8 antenna ports.

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)

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

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

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, 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 K=1 except with alternativeCodebookEnabledCLASSB_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].

Table5.2.2.6.2-2B-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 antenna ports and higher layer parameter eMIMO-Type, and
eMIMO-Typeisset to 'CLASS A"

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.

For Table 5.2.2.6.2-2, Table 5.2.2.6.2-2A, Table 5.2.2.6.2-2B, Table 5.2.2.6.2-2B-1, Table 5.2.2.6.2-2B-2 and Table
5.2.2.6.2-2B-3, N isdefined in subclause 7.2 of [3]. For Table 5.2.2.6.2-2B-1 and Table 5.2.2.6.2-2B-2, the codebook

configuration ( N;,N,,O, 02) is defined in [3], and CodebookConfig is configured by higher layers[6]. The

o, O
parameters (S,'S, ) inrank 3and 4 are defined as (S, S, )= (1, 1) for CodebookConfig=1, (S,, S, )= (71 ,?zj
: 0O, . 0O,
for CodebookConfig=2, (S, S, )=| O,, > for CodebookConfig=3, (S,,S,)=| O,, 2 for
CodebookConfig=4. The parameters (S;,'S, ) in rank 5 to 8 are defined as (S;, S, )= (1, 1) for CodebookConfig=1,

(S.,S,)= [% ,%) for CodebookConfig=2/3/4.
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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
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 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 K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE, except with 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

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,
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 K=1 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 il 2 2 2 0
Wideband second PMI i2 0 0 0 0

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, and 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, and K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE, with alternativeCodeBookEnabledFor4TX-
r12=TRUE)

Bitwidth

Field Rank =1 | Rank =2 | Rank =3 [ Rank = 4
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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 i1 4 4 0 0
Wideband second PMI i2 4 4 4 4

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,0) and

CodebookConfig=1)

Field

Bit width

Rank =1

Rank =2

Rank =3

Rank =4

Wideband
CQl
codeword
0

Subband
differential
(0]
codeword
0

2N

2N

2N

2N

Wideband
CQl
codeword
1

Subband
differential
CQl
codeword
1

2N

2N

2N

Wideband
first PMI
i1,1

|_| 002 (Nlol)-‘

|_| 002 (Nlol)-‘

7-N

2]

3

!

BT

!

Wideband
first PMI
i1,2

ﬂ 0g,(N,0, ﬂ

ﬂ 0g,(N,0, ﬂ

|7|ng ( Nzoz / Sz)—|

|7|ng ( Nzoz / Sz)—|

Wideband
second
PMI i2

Field

Bit width

Rank =5

Rank =6

| Rank =7

Rank =8
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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)—|

|_|ng ( Nlol/Sl)—‘

|_|ng ( Nlol/Sl)—‘

Wideband
first PMI
i1,2

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

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

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

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

Wideband
second
PMI i2

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,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
Subband
differential
CQI codeword 2N 2N 2N 2N
0
Wideband
CQI codeword 0 4 4 4
1
Subband
differential
CQI codeword 0 2N 2N 2N
1
Wideband first N,O 7-N N,O 7-N
PMIi1,1 [10g, (N0, /2)] [10g,(N;0, /2)] POQZ[ élﬂJ{ 5| |00 él e
Wideband first N.,O N.O
PMI i1,2 |7I092(N202/2)—| |7|092(N202/2)—| ’7|ng [?j—‘ ’7|ng [?
Wideband
second PMI i2 4 4 4 3
Field Bit width
Rank =5 | Rank = 6 | Rank =7 Rank =8
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Wideband
CQI codeword 4 4 4 4
0

Subband

differential
CQI codeword 2N 2N 2N 2N

0

Wideband
CQI codeword 4 4 4 4
1

Subband

differential
CQI codeword 2N 2N 2N 2N

1

Wic::)e,\t;flrldllﬁm |_|ng (NG, / Sl)—‘ ’_|092 (NG, / Sl)—| |_|ng (NG, / Sl)—‘ |_|ng (NG, / Sl)—‘

Wideband i1t | [log, (N,0,/S,)] [[1og, (N,0,/S,) | [1og,(N,0,/S,)] | [log,(N,0,/S,)]

Wideband

second PMI i2 0 0 0 0

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)

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
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
Field Bit width

8 antenna ports
Rank =1 | Rank =2 | Rank =3 | Rank =4 | Rank =5 to 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

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, transmission mode 10
configured with subband PMI/RI reporting with 2/4/8 antenna ports, and transmission mode 9/10 configured with
subband 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 K=1 except with alternativeCodebookEnabledCLASSB_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].

Table5.2.2.6.2-2E-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 antenna ports and higher layer parameter eMIMO-Type,
and eMIMO-Typeissetto 'CLASS A"

Tableb.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.
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For 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 and Table
5.2.2.6.2-2E-3, N isdefined in subclause 7.2 of [3]. For 5.2.2.6.2-2E-1 and Table 5.2.2.6.2-2E-2, the codebook

configuration ( N;,N,,O, 02) is defined in [3], and CodebookConfig is configured by higher layers[6]. The

parameters (S,'S, ) inrank 3and 4 are defined as (S, S, )= (1, 1) for CodebookConfig=1, (S,, S, )= (& ,&j

o) O
for CodebookConfig=2, (S,,S, )= (Ol,éj for CodebookConfig=3, (S;, S, )= (Ol'jzj for
CodebookConfig=4. The parameters (S, S, ) in rank 5to 8 are defined as (S, S, )= (1, 1) for CodebookConfig=1,

(S.,S,)= [% ,%) for CodebookConfig=2/3/4.

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, and 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, and K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE, except with alternativeCodeBookEnabledFor4TX-

r12=TRUE).
Field Bit width
2 antenna ports 4 antenna ports
Rank=1 | Rank=2 | Rank =1 | Rank =2 | Rank =3 | Rank =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

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, transmission mode 10 configured with subband PMI reporting, and
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, and K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE)

Bitwidth

Field Rank =1 | Rank =2 | Rank = 3 | Rank = 4
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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 i1 4 4 2 2
Subband second PMI i2 4N 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

Table 5.2.2.6.2-2E: Fields for channel quality information feedback for higher layer configured
subband CQI 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, 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, and K=1 with
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

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)

Bitwidth
Rank=2 |

Field Rank = 1 l

Rank =3 Rank =4
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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 7-N N,O 7-N
IpN” il,ll |_|092(Nlol)-| |_IOgZ(Nlol)-| logz —~ +L 3 z logz ~ + 3 z
S S
Wideband first
PMI L2 [10g2(N20,)[ | [10g,(N,O,)] Dng(NzOz)—l Dng(NzOz)—l
Subband
second PMI i2 2N 2N 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
it | 100, (NO/S)] |[log,(NO,/S)]|  [log,(NO/S)] [10g, (NO,/S)]
Wlieha?:]ldglrSt |7|092(N202/82)—| |7|092(N202/82)—| (Ing(NZOZ/SZ)W (Ing(NZOZ/SZ)W
Subband
second PMI i2 0 0 0 0

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)

Field

Bitwidth

Rank =1

Rank =2

| Rank =3

Rank =4
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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)-‘

’_l 0g,(N;O; / 2)-|

LT

[

Wideband
first PMI
i1,2

ﬂ 0g,(N,0, / Zﬂ

ﬂ 0g,(N,0,/ 2)1

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

|_|092 ( Nlol/Sl)—‘

’_|092 ( N101/ Sl)—|

|_|092 ( Nlol/Sl)—‘

’_|092 ( N101/ Sl)—|

Wideband
first PMI
i1,2

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

[1og, (N,0,/S,)]

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

[1og, (N,0,/S,)]

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)

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
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
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
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 5.2.2.6.2-3 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 with 8/12/16
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.

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 and higher layer parameter eMIMO-Type, and eMIMO-Type is
set to 'CLASS B' with K>1.

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, and
transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Type
isset to 'CLASS B' with K>1 and 2/4/8 antenna ports.
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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 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 reporting with 8/12/16

antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is 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).

Bit width
Field 2 antenna 4 antenna ports 8/12/16 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 and higher layer
parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1).

Field Bit width
K=2 K=3andK=4 K=5toK=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, 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 and 2/4/8 antenna ports).

Bit width
. 4 antenna ports 8 antenna ports
el 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

The channel quality bitsin Table 5.2.2.6.2-1, Table 5.2.2.6.2-2, Table 5.2.2.6.2-2A, Table 5.2.2.6.2-2B, Table 5.2.2.6.2-
2C, Table 5.2.2.6.2-2D, Table 5.2.2.6.2-2E, Table 5.2.2.6.2-2B-1, Table 5.2.2.6.2-2B-2, Table 5.2.2.6.2-2B-3, Table

5.2.2.6.2-2E-1, Table 5.2.2.6.2-2E-2, Table 5.2.2.6.2-2E-3, and Table 5.2.2.6.2-3B form the bit sequence
0p,0;,05,...,00_4 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 the tables, and og_; corresponding to the last bit in the last field in each of the

tables. Thefield of the PMI and subband differential CQI shall be in the increasing order of the subband index [3]. The
first bit of each field corresponds to MSB and the last bit LSB. The RI bits sequencein Table 5.2.2.6.2-3, 5.2.2.6.2-3B
and the CRI sequencein Table 5.2.2.6.2-3A are encoded according to subclause 5.2.2.6.

For transmission mode 9/10 configured with Class B CSI reporting and K>1, the number of antenna port in Table
5.2.2.6.2-3B refers to the maximum number of antenna ports of K CSI-RS resources configured for the CSl-process for

the UE.

5.2.2.6.3

Channel quality 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, and transmission mode 6 for BL/CE UEs. L in Table
5.2.2.6.3-1 isdefined in subclause 7.2 of [3].
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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.

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, 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)

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

rlolon|s
I LNIENTNES

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, 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 K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE, where the number of configured CSI-RS resourcesin a CSl process
K isdefined in [3] and alternativeCodebookEnabledCLASSB K1 is configured by higher layers[6].

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 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-
Typeisset to 'CLASS A"

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.

For Table 5.2.2.6.3-2, 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 and Table
5.2.2.6.3-2E, L isdefined in subclause 7.2 of [3]. For Table 5.2.2.6.3-2C and Table 5.2.2.6.3-2D, the codebook

configuration ( N;,N,,O, 02) isdefined in [3], and CodebookConfig is configured by higher layers[6]. The

&&j

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

') O
for CodebookConfig=2, (S,, S, )= (Ol,éj for CodebookConfig=3, (S,,S, )= (01,72) for
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CodebookConfig=4. The parameters (S;,'S, ) in rank 5 to 8 are defined as (S, S, ) = (1, 1) for CodebookConfig=1,

(S.,S,)= [% ,%) for CodebookConfig=2/3/4.

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,
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 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 K=1 except with alternativeCodebookEnabledCLASSB_K1=TRUE, except
with 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
Subband differential CQI codeword 0
Wide-band CQI codeword 1
Subband differential CQI codeword 1
Position of the M selected subbands
Precoding matrix indicator

ANrjololnvs
Nl ISIENNIES
olrjolonv|s
I DN ENESES

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, 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 K=1 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 5 5 5 5 5 5 2 5
codeword 0
Wide-band CQI codeword 1 0 4 4 4 4 4 4 4
Subband differential CQI 0 5 5 5 5 5 2 5
codeword 1
Position of the M selected
subbands L L L L L L L L
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
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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, and 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, and K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE, with alternativeCodeBookEnabledFor4TX-

r12=TRUE)
Field Bit width
Rank=1 | Rank =2 | Rank =3 | Rank =4
Wide-band CQI codeword O 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

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)

. Bit width
Field
Rank =1 Rank =2 Rank =3 Rank =4
Wide-band
CQI codeword 4 4 4 4
0
Subband
differential CQI 2 2 2 2
codeword 0
Wide-band
CQI codeword 0 4 4 4
1
Subband
differential CQI 0 2 2 2
codeword 1
Position of the
M selected L L L L
subbands
Wideband first N,O 7-N N,O 7-N
PMI 1,1 |_|092(N101)-| |_|092(N101)-| log, | —— “{TZJ log,| —— ||+ 3 .
S S
Wlie,\aflrldzmﬂ (|092(N202 )—‘ ('092('\'202 )—‘ (Ing(Nzoz/Szﬂ Dng(NzOz/szﬂ
Wideband
second PMI i2 2 2 1 1
Subband
second PMI i2 2 2 1 1
Field Bit width
Rank =5 I Rank = 6 | Rank =7 Rank =8
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Wide-band
CQI codeword 4 4 4 4
0
Subband
differential CQI 2 2 2 2
codeword O
Wide-band
CQI codeword 4 4 4 4
1
Subband
differential CQI 2 2 2 2
codeword 1
Position of the
M selected L L L L
subbands
Wideband first
PMIi1,1 ’_logz(Nlollsl)—| ’_logz(Nlollsl)—| |_|092(N101/SL)—‘ ’_logz(Nlollsl)—|
Wideband first
PMI i1,2 |_IOQZ(N202/SZ)—| ’_Ing(NzoZ/SZ)—‘ ’_Ing(NzoZ/SZ)—‘ ’_IOgZ(NZOZ/SZ)—‘
Wideband
second PMI i2 0 0 0 0
Subband
second PMI i2 0 0 0 0

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,0) and

CodebookConfig=2/3/4)

Field

Bit width

Rank =1

Rank =2

| Rank =3

Rank =4
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Wide-
band CQI
codeword

0
Subband
differential
CQl 2 2 2 2
codeword
0

Wide-
band CQI
codeword

1
Subband
differential
CQl 0 2 2 2
codeword

1
Position
of the M
selected
subbands

Wideband _ _
first PMI [log,(N,0,/2)] [log,(N,0,/2)] Pogz( N101N+V NZJ Pogz( N101N+V NZJ
i1,1 S 3 S 3
Wideband
first PMI [log,(N,0,/2)] [log,(N,0,/2)] [log, (N,0,/S,)] [1og, (N,O,/S,)]
i1,2
Wideband
second 4 4 4 3
PMI i2
Subband
second 4 4 4 3
PMIi2

Field Bit width

Rank =5 | Rank = 6 | Rank =7 Rank =8
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Wide-
band CQI
codeword

0
Subband
differential
CQl 2 2 2 2
codeword
0

Wide-
band CQI
codeword

1
Subband
differential
CQl 2 2 2 2
codeword
1
Position
of the M
selected
subbands
Wideband
first PMI
i1,1
Wideband
first PMI
i1,2
Wideband

second 0 0 0 0

PMI i2
Subband

second 0 0 0 0

PMI i2

[og, (N0,/8)] |[Tog, (NO/S)]|  [log, (NO./S)] [og, (N.O,/S)]

|_|0g2(N202/SZ)—| ’_|092(N202/SZ)—‘ ’_|ng(N202/SZ)—‘ ’_logz(NzoZ/Sz)—‘

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)

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
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
Field Bit width
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 5.2.2.6.3-3 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
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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-Type
isset to 'CLASS B' with K=1, transmission mode 9/10 configured with PMI/RI reporting with 8/12/16 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.

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 and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B’
with K>1.

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-Typeis set to 'CLASS B' with K>1, 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 and 2/4/8 antenna ports.

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 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
reporting with 8/12/16 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is 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 with 2/4/8 antenna ports).

Bit width
. 4 antenna ports 8/12/16 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
_ Rank 1 1 2 ! 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 and higher
layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B' with K>1).

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, 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 and
2/4/8 antenna ports).

Bit width
. 4 antenna ports 8 antenna ports
FIEld 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, (K)] [log,(K)] | [log,(K)] | [log,(K)] | [log,(K)] | [log,(K)]
Rank 1 1 2 1 2 3
indication

The channel quality bitsin Table 5.2.2.6.3-1, Table 5.2.2.6.3-2, Table 5.2.2.6.3-2A, Table 5.2.2.6.3-2B, Table 5.2.2.6.3-
2C, Table5.2.2.6.3-2D, Table 5.2.2.6.3-2E, and Table 5.2.2.6.3-3B form the bit sequence 0, 0;,0,,...,00_; With 0
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corresponding to the first bit of the first field in each of thetables, o, corresponding to the second bit of the first field in
each of the tables, and o,_; 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. Thefirst 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, and the CRI sequence in Table
5.2.2.6.3-3A are encoded according to 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
5.2.2.6.3-3B refers to the maximum number of antenna ports of K CSI-RS resources configured for the CSl-process for
the UE.

5.2.2.6.4 Channel coding for CQI/PMI information in PUSCH

The channel quality bits input to the channel coding block are denoted by og, 04, 05, 03,...,00_1 Where O is the 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.

Table 5.2.2.6.4-1: Basis sequences for (32, O) code.

i Mio | Mix | Mi2 | Miz | Mia | Mis | Mie | Mi7 | Mig | Mig | Mi1o
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
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O-1
b= (0, -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

g = b(i mods) Wherei =0, 1,2, ..., NL.Qcq-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 hitsinput to the channel coding block are denoted by 0f* o/*¥ ..., OQ%K _, 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‘JBACK/ZM and OACK/2-"0OACK/2-|+1’OOACKIZLZ""'OOACK—l are encoded
asfollows
(OACK /211
G= > (o,fCK ‘M i’n)modz
n=0
and
oACK _(OACK 12l
= CK
ql —_ ZO (%ACK/ZLn~Mi’nijd2
n=
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 ,...,a45s ; isobtained by the concatenation and circular repetition of the bit

sequences gy, 0,0y, 0z aNd Gy, 0y, 0., Ogp S follows:
Seti=0
while i </@/2]-Q,

ACK _ =
47 =Uimodze

izi+1l
end while
Seti=0
while i <(@-]3/2)-Q,

ACK _=
q]'Q'IZ—‘Qeri = Ui mod32

i=i+1

end while
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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
Go» 0> 92> Og-++» ANy -Qugy -1 and the coded bits of the UL-SCH denoted by f,, f;, f,, f3,..., fg_; . The output of the data

and control multiplexing operation is denoted by go,gl,gz,gs,...,gw&,where H =(G+ N - Qe ) and
H’=H/(N_-Qy) ,and whereg,, i =0.....H’~1 are column vectorsof length (Qp,-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. In
case the two transport blocks have the same Ivcs value in the corresponding initial UL grant, 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, ktoO

while j <N, Qg - first place the control information

9 =10 ~Gpn gl

j: j+NL'Qm
k=k+1
end while

while i < G -- then place the data
9, =[f;.. fi+Qm»N|_—1]T

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 the HARQ-
ACK and RI information are present on both slots in the subframe. 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.

; ; R R _RI RI

The input to the channel interleaver are denoted by 959,959,409 9 -9, ""’9Q'R| —1 and

q (/;CK . fCK , q:CK e ] gf:K - I case where more than one UL-SCH transport block are transmitted in a subframe of
- - —~ACK

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 subframeisgivenby H{,, =H’+ Qﬁ . The output bit sequence
from the channel interleaver is derived as follows:
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(1) Assign C, = NQL,’“%CH to be the number of columns of the matrix. The columns of the matrix are numbered 0,

1,2,...,Cpx —1 fromleft to right. NS5 is determined according to subclause 5.2.2.6.

(2) The number of rows of the matrix is R, = (Hos - Qm- N )/ Cpx @d we define R = R /(Qmy- N ).

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

(3) If rank information is transmitted in this subframe, the vector sequence q 5'

the columns indicated by Table 5.2.2.8-1, and by sets of (Qm . NL) rows starting from the last row and moving
upwards according to the following pseudo-code.

R R RI . .
,91 ,92 ,...,thl A IS written onto

Seti,jto0.
Setrto Ry, —1
whilei < Qi
Cr = Column Set(j)

XTXCmuXJrCRI I
i=i+1
(= Ry ~1-[i/4]
j=(j+3)mod4
end while
Where ColumnSet is givenin Table 5.2.2.8-1 and indexed left to right from O to 3.

(4) Write the input vector sequence, for k=0, 1,..., H’=1, into the (R, XCyn ) Matrix by setsof (Q,,- N, ) rows
starting with the vector Yo in column 0 and rows 0 to (Q,,- N, —1) and skipping the matrix entries that are

already occupied:
Yo Y Y, ZCrux-1
Xcmux Xcm + Xcm +2 o chrmx -1
X(Rﬁux ~DXCrux X( Rinux —DXCrux +1 X( Rinux —DXCux +2 o X( RinuxXCrmux—1)

The pseudocode is as follows:
Seti,ktoO.
whilek <H’,

if Y. ishot assigned to Rl symbols

Yi=9,
k=k+1
end if
i=i+l
end while
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(5) If HARQ-ACK information is transmitted in this subframe, the vector sequence q gCK .q fCK . :CK yeerr S,CK N
- - - —Qack —

is written onto the columnsindicated by Table 5.2.2.8-2, and by setsof (Q,,- N, ) 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,jtoO.
Setrto Ry, —1
whilei < Quck

Cack = ColumnSet(j)

YixComrens i
i=i+1
r =R, —1-|i/4]
j=(j+3)mod4
end while
Where ColumnSet is givenin Table 5.2.2.8-2 and indexed left to right from 0 to 3.

(6) The output of the block interleaver is the bit sequence read out column by column from the (R XCrnux )

matrix. The bits after channe! interleaving are denoted by hy,h, ,h,,....h, o ., where NL is 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.

Table 5.2.2.8-2: Column set for Insertion of HARQ-ACK information.

The same channel interleaver procedures for RI are applied for CRI, using CRI instead of RI in the equations.

5.2.3

Data arrives to the coding unit in the form of indicators for measurement indication, scheduling request and HARQ

acknowledgement.

CP configuration Column Set
Normal {1,4, 7,10}
Extended {0, 3, 5, 8}

CP configuration Column Set
Normal {2,3,8,9}
Extended {1,2,6,7}

Uplink control information on PUCCH

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.
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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.

A9,y Ap g l

Channel coding

by, by, bgy l

Figure 5.2.3-1: Processing for UCI.

ao,al,...,a/_\& l

CRC attachment

CorClinCha

Channel coding

00.40,..d9, |

Rate matching

€€ € l

Figure 5.2.3-2: Processing for UCI.

5.2.3.1 Channel coding for UCI HARQ-ACK

The HARQ-ACK bits are received from higher layers for each subframe 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 0 and a,,; corresponding to
that for codeword 1.

Define O*“ as the number of HARQ-ACK feedback bitsand N F7/sCH ™3 55 the number of HARQ-ACK
feedback bits including the possible concurrent transmission of scheduling request and/or periodic CSlI when PUCCH
format 3 is used for transmission of HARQ-ACK feedback (subclause 10.1in [3]), and NZ/c ™4 as the number of
HARQ-ACK feedback bitsincluding the possible concurrent transmission of scheduling request and/or periodic CSl
when PUCCH format 4 is used for transmission of HARQ-ACK feedback (subclause 10.1in[3]), and N5 ™™ as
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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 codebooksizeDetermination-r13 = dai, the bit sequence

05,0/ ..., 5£ch _, 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 0y, 5,°°“ ,..., 0%k | is determined as below.

For FDD, the sequence of bits 8, , 6,*°" ..., GS\EC’E .

different cells according to the following pseudo-code:

isthe result of the concatenation of HARQ-ACK bits for

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

Setj = 0—HARQ-ACK bit index
Set NC%L,S to the number of cells configured by higher layers for the UE
whilec < N
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

0%

] X = bi nary AND operation of the HARQ-ACK bits corresponding to the first and second codewords of

this cell
j=j+1
else

HARQ-ACK hit corresponding to the first codeword of this cell

o
|

= HARQ-ACK bit corresponding to the second codeword of this cell

c=c+1
end while

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

TDD, the sequence of bits 05, 6,°° ,..., ngc'é _, isthe result of the concatenation of HARQ-ACK bits for different

cells. Define N 24 asthe 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 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,
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Bf " =1 if subframe n-4 in the cell isa DL subframe or a specia subframe with special subframe configurations
1/2/3/4/6/7/8/9 and normal downlink CP or a specia subframe with special subframe configurations 1/2/3/5/6/7 and
extended downlink CP, and B> =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

whilec < Neais
DL _
i B =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 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

C)J.ACK = binary AND operation of the HARQ-ACK bits corresponding to the first and second codewords
of thiscell
j=j+1
else
6/ = HARQ-ACK bit corresponding to the first codeword of this cell
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, the sequence of bits 85, 8," ,..., GS\EC’E _, isobtained from the HARQ-ACK
bits for different cells and different subframes.

Define N2 asthe 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
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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

whilec< N2

set1=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
ko =kp+ 1
else
k=k+2
ko =kp+ 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 O=0.

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 O°S'=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 cellswith TDD primary cell.

If k<K and O =0, orif k+0% +OR <22 and 09 >0, or if k, +O¥ + O > 22 and k <k, , then
OACK =k

else,
OACK:kb

For PUCCH format 4 or PUCCH format 5, 0”K =k if the UE is not configured with spatial bundling on PUCCH by
higher layers; otherwise O”K = Ky, -

If OAK =k, the multiplexing of HARQ-ACK bits 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
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whilec < NCeIIS
setl=0;
whilel < B2

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

0, = 0fI™ HARQ-ACK bit of this cell as defined in Subclause 7.3 of [3]

j=j+1
else

[6,%,0, 71 =[0l5",0.51] 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 =Kk, spatial bundling is applied to all 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
Setj = 0—HARQ-ACK bit index
whilec < N2

set1=0;

whilel < B2

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

0, = 0fI™ HARQ-ACK bit of this cell as defined in Subclause 7.3 of [3]

j=j+1
else

5J-ACK = 0ACK 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
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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 CSl 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 -\ PUCCH format 4\ PUCCH format 5yl yding the number of periodic CSI bits and scheduling request bit
(if any).

For NRYSCH™a3 <11 the bit sequence ay, &, ap,....., 8 rucoriomas_y is obtained by setting a, =6, .

For 11< NR/SH ™3 < 22, the bit sequence ag, &, 8....., & puccHfomas_, 1S Obtained by setting a;, = 0" ifiis
AIN -

_ ~ACK .c: -
even and a(NEbJSCHfomslzhi_l)lz =0 if i isodd.

For NRYSEHT™a3 <11 the sequence of bits ay, &y, ap,....., 8 o famas; is encoded as follows

PUCCH formet 3
NATN -1

l-:;i = Z(an'lvli,n)rr]od2
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 by, b;,bs,,...,,bg_; isobtained by circular repetition of the sequence 50, 51,62,...,,631

b = b(i mod32)
wherei =0, 1, 2, ..., B-1 and where B=4- NSFéB .

For 11< NRVSCH forma 3 < 95 | the sequences of bits 80,1, 8.1, pycoiiomas, | and
A/N

a’VNKLIJﬁCH formet 3 2-‘1 a[NKlfﬁCH formet 3 2-|+11 a{N PUCCH format 3, 21+2 yeers aNKL/JﬁCH format3_, &€ encoded as follows

PUCCH format 3
(NAI N /21-1

l-5|= Z(an'lvli,n)m()d2
n=0
and

PUCCH format 3 PUCCH format 3
Na/N {NAI N ’4’1

E = Z (a‘—NEllJﬁCHformatslz-l_m ‘ Mi,nijdz

n=0

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, by, b,....,,bg ; where B=4-NZ® is obtained by the alternate concatenation of the bit

sequences 505162523and 50,51,52,...,,523 asfollows

Seti, j=0
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while i <4-N2®

b :bj1 kH+1:b]+1

i=i+4
j=j+2
end while

For N cetfomas 5 22 | the bit sequence a,,a,,a,,...,, A puconms_, 1S ODtAINEM by setting & = 6, , and the output bit

sequence after the rate matching isdenoted by &,,€,€,,...,,6 ,, Where E=Q, - Mg “"*-NJ 7™ -NF, Q, isthe
modulation order of the PUCCH format 4, NJ°>*" is determined according 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 operation is a,,a,,a,,...,, 8 pucotomas_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 NceHomas 5 22 the bit sequence a,,a,,a,,...,, @ puconianas_, 1S ODtaINed by setting a; = 6, , and the output bit

sequence after the rate matching is denoted by €,,¢,,e,,...,,6.,, where E=Q, - N;ﬁf“ ‘N /2,qQ, isthe

modulation order of the PUCCH format 5and N7 > 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

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 10.1in [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].
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,8,,4a;3,...,a, 1 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.
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Table 5.2.3.3-1: Basis sequences for (20, A) code.

Mio | Mi1 | Mi2 | Miz | Mia | Mis | Mis | Mi7z | Mig | Mig | Mi1wo | Min | Mi

|
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
1] 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
9| 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=!

LN

o

For PUCCH format 4, the output bit sequence after the rate matching isdenoted by e,,€,,e,,...,,€6._, , where
E=Q, Mg " NI NS, Q, isthe modulation order of the PUCCH format 4, NJ.>*" 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 operation is 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 is denoted by e,,€,e,,...,,6.; , where
E=Q, NIVX" N /2, Q, isthe modulation order of the PUCCH format 5 and NF'S* is determined

symb symb
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, ; . I he 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.

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, and transmission mode 9/10 configured without PM1 with higher
layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B'.
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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.

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").

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)

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.

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

Table5.2.3.3.1-2A 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, and
transmission mode 10 configured with PMI/RI reporting 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, K>1, except with 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 5.2.3.3.1-2A-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"

ETSI



3GPP TS 36.212 version 13.8.0 Release 13 81 ETSI TS 136 212 V13.8.0 (2018-07)

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, and transmission mode 10 configured with PMI/RI
reporting except with alternativeCodeBookEnabledFor4TX-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-Type is set to 'CLASS B' with K=1 and except with
alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, except with
alternativeCodeBookEnabledFor4TX-r12=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: UCI 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=1)

Bit width
Field 8/12/16 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 3 3 3 3
col 0 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,Q), and CodebookConfig=2/3/4)

Bit width
Field 8/12/16 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 3 3 3 3
col 0 3 3 3

Wide-band i2 4 4 4 3 0 0 0 0

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, 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

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 0 3 3 3 3 3 3 3
CQl

il 3 3 1 1 2 2 2 0
Wide-band i2 1 1 3 3 0 0 0 0
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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, 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 4 antenna ports with K=1 and except with
alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, 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.

Table 5.2.3.3.1-2C: UCI fields for transmission of wideband CQIl and precoding information (i2) 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, K>1, 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, 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)

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
i1 2 2 0 0
Wideband i2 2 2 4 4

ETSI



3GPP TS 36.212 version 13.8.0 Release 13 83 ETSI TS 136 212 V13.8.0 (2018-07)

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)

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

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 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 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 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 antenna ports and higher
layer parameter eMIMO-Type, and eMIMO-Type is 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 2/4/8 antenna ports).

Bit width
Field 2 antenna 4 antenna ports 8/12/16 antenna ports
ports Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
layers layers layers layers layers
 Rank . ) 2 ! 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, and
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.
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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, and 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)

Bit width
. 4 antenna ports 8 antenna ports
i 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
indication ! 1 2 4 5 5
il - - -

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, and 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..

Table 5.2.3.3.1-3B: UCI fields for joint report of Rl and i1 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)
Bit width
Field 4 antenna ports
Max 1 or 2 layers Max 4 layers
Rank indication and il 4 5

Table 5.2.3.3.1-3C 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
issetto 'CLASS B' with K>1.

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).
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, (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 i1
feedback for wideband reports for PDSCH transmissions associated with transmission mode 9/10 configured with
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PMI/RI reporting with 4/8 ports, and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B’ with
K>1, with alternativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.1-3D: UCI fields for joint report of CRI, rank indication and i1 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).

Bit width
Field 4 antenna ports 8 antenna ports
Max 1 or 2 layers Max 4 layers Max 1 or 2 Max 4 layers Max 8
layers layers

CRI [log,(K)] [log,(K)| | [log,(K)] | [log,(K)] | [log,(K)]

Rank indication and
i1

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 CSl reporting with K>1.

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).

Field Bit width
K=2 K=3andK=4 K=5toK=8
CRI 1 2 3

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 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeisset to'CLASSA'. The

parameters (S,,'S, ) in rank 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,%j for

O
CodebookConfig=3, (S,,S, )= (Ol’jzj for CodebookConfig=4. The parameters (S;,'S, ) inrank 5to 8 are

O, O
defined as (S;,S,)=(1,1) for CodebookConfig=1, (S,,S, )= (71 ,sz for CodebookConfig=2/3/4.

Table 5.2.3.3.1-4: UCl fields for channel quality information feedback for precoding information (i1)
(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))

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

Field Rank =1 I
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Wideband _ _
first PMI !_Iogz(NlOllsl)-‘ !—Iogz(NlOllsl)-‘ log, NG +V NZJ log, NG, +V NZJ
i1,1 S 3 S 3
Wideband log,(N,0,/S
first PMI [log,(N,0,/S,)] | [log,(N,0,/S,)] [log,(N,0,/S,)] 109, (N:0; /,)|
11,
Field Bit width
Rank =5 Rank =6 Rank =7 Rank =8
Wideband
ﬁrs_;- F])-M| |7|092(N101/51)—| |7|092(N101/81)—| |7|092(N101/81)—| |7|092(N101/81)—|
11,
Wideband
fst PMI [log,(N,0,/S,)] | [log,(N,0,/S,)] [log,(N,0,/S,)] [log,(N,0,/S,)]
i1,

The channel quality bitsin Table 5.2.3.3.1-1 through Table 5.2.3.3.1-4 form the bit sequence a,, 8;,a,,as,...,a5_4 With
a, corresponding to the first bit of the first field in each of the tables, a; corresponding to the second bit of the first
field in each of the tables, and a,_; corresponding to the last bit in the last field in each of the tables. The first bit of

each field corresponds to MSB and the last bit LSB. The RI feedback for one bit is mapped according to Table 5.2.2.6-5

with of replaced by a,. The RI feedback for two bitsis mapped according to Table 5.2.2.6-6 with oY , o replaced

by ay,a;. The RI feedback for three bits is mapped according to Table 5.2.2.6-7 with o , o] , 0F replaced by

a,,8,,8, . 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, Table 5.2.3.3.1-3A, Table 5.2.3.3.1-3B, Table 5.2.3.3.1-3C and Table 5.2.3.3.1-3D 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.

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, and transmission mode 10
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.

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, and transmission mode 9/10 configured without PMI/RI
with higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B")

Field Bit width
Sub-band CQI 4
Sub-band label lor2
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Table 5.2.3.3.2-1A: UCI 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)

Field Bit width
Rank =1 | Rank > 1
Wide-band CQI 4 4
Spatial differential CQI 0 3
Sub-band label lor2 lor2

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
alternativeCodeBookEnabledFor4TX-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, 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. The number of configured CSI-RS resourcesin a CSl processK is
defined in [3] and alter nativeCodebookEnabledCLASSB_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, 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.

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, and 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..
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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, and 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)

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)

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)

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 1lor2 0 lor?2 0 1lor2 0 lor2 0 1lor2
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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)

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 5.2.3.3.2-3 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

Table5.2.3.3.2-3A 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-sel ected 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 alter nativeCodebookEnabledCLASSB_K1=TRUE, and K>1, except with
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-selected 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.

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 alternativeCodeBookEnabl edFor4TX-
r12=TRUE, and 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, K>1 with alternativeCodeBookEnabledFor4TX-r 12=TRUE.
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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, and 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)

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
il 0 0 0 0
Wide-band i2 2 1 4 4

Table 5.2.3.3.2-3A-1: UCl 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)

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

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)

Bit width
. 8 antenna ports
Field 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
il 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
il 2 0 2 0 0 0
Wide-band i2 0 3 0 0 0 0
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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-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=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, ) inrank 1 and rank 2 are defined as
(S.,S,)=(2, 2) for CodebookConfig =2,3 and 4. The parameters (S;, S, ) in rank 3 and 4 are defined as

0 O 0,
(S.,S,)= 71,72) for CodebookConfig =2, (S|, Sz)z(Ol, > j for CodebookConfig =3,
0,
(S,S,)=| 0, Tj for CodebookConfig =4. The parameters (S;,'S, ) in rank 5 to 8 are defined as
O, O,
(S..S,)= 71 7] for CodebookConfig =2/3/4.
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Table 5.2.3.3.2-3B-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 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 antenna ports
Field Rank =1 Rank =2 Rank =3
PTI=0 PTI=1 PTI=0 PTI=1 PTI=0 PTI=1
Wide- 0 4 0 4 0 4
band CQI
Spatial 0 0 0 3 0 3
differential
cal
Wideband 0 N,O, 0 NQ || 7-N 0
first PMI {Iog(mﬂ POQZ[ ;llﬂ log, EUINEE J
i1,1 S
Wideband 0 N,O 0 0
first PMI {Iog(mﬂ ('092[ ;Zﬂ Iog[NZOZj
i1,2 S S
Wide- 0 2 0 2 0 1
band i2
Bit width
8/12/16 antenna ports
Field Rank =4 Rank =5to Rank =8
PTI=0 PTI=1 PTI=0 PTI=1
Wide- 0 4 0 4
band CQI
Spatial 0 3 0 3
differential
CQl
Wideband 7-N 0 0
first PMI [logz['\?ﬂ{ . J PO ’\Qﬂ
i1,1 S
Wideband 0 NO 0
first PMI {I og(mﬂ (‘0 §ﬂ
i1,2 S
Wide- 0 1 0 0
band i2
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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 antenna ports
Field Rank =1 Rank =2 Rank =3
PTI=0 PTI=1 | PTI=0 | PTI=1 PTI=0 PTI=1

Wide- 0 4 0 4 0 4
band CQI

Spatial 0 0 0 3 0 3
differential

cal

| WP | S]] )
| 2 | S ] e

Wide- 0 4 4 0 4
band i2
Bit width
8/12/16 antenna ports
Field Rank =4 Rank =5to Rank =8
PTI=0 PTI=1 PTI=0 PTI=1
Wide- 0 4 0 4
band CQI
Spatial 0 3 0 3
differential
CQl
Wideband 7-N 0 0
first PMI ('%[Néqj} 3 ZJ {Io NQ]—‘
i1,1 S
Wideband 0 NO 0
first PMI P Og[mﬂ (‘0 §]
i1,2 S
Wide- 0 3 0 0
band i2

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)

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 5.2.3.3.2-4 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
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configured with PMI/RI reporting except with alter nativeCodeBookEnabledFor4TX-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-Typeis set to 'CLASS B' with K=1 and alter nativeCodebookEnabledCLASSB_K1=TRUE, 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 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, and 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 alternativeCodebookEnabledCLASSB_K1=TRUE,
and transmission mode 9/10 configured without PMI reporting