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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
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Modal verbs terminology
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provisions).
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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.

[1]
(2]

(3]

[4]

(3]

(6]

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

For a specific reference, subsequent revisions do not apply.

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

3GPP TR 21.905: "Vocabulary for 3GPP Specifications'.

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

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

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

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

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

[7] 3GPP TS23.285, “Technical Specification Group Services and System Aspects; Architecture
enhancements for V2X services’
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:
N IEIIB_ Downlink bandwidth configuration, expressed in number of resource blocks[2]
Nrs Uplink bandwidth configuration, expressed in number of resource blocks [2]
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N,‘:'E Sidelink bandwidth configuration, expressed in number of resource blocks[2]
NS hanndl Number of sidelink subchannels configured on the resource pool of a subcarrier [2]
N SFéB Resource block size in the frequency domain, expressed as a number of subcarriers
Nomp Number of SC-FDMA symbols carrying PUSCH in a subframe
N;ﬁcwmm Number of SC-FDMA symbols carrying PUSCH in theinitial PUSCH transmission subframe
Ngmo Number of SC-FDMA symbolsin an uplink slot
Narro Number of SC-FDMA symbolsin asidelink slot
Ngrs Number of SC-FDMA symbols used for SRS transmission in a subframe (0 or 1).

3.3 Abbreviations

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

BCH

CH

CP

Csl

DCl
DL-SCH
EPDCCH
FDD

HI

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

RI

SCl
SL-BCH
SL-DCH
SL-SCH
SR

SRS
TDD

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

Physical Control Format Indicator channel
Paging channel

Physical Downlink Control channel

Physical Downlink Shared channel

Physical HARQ indicator channel

Physical Multicast channel

Precoding Matrix Indicator

Physical Random Access channel

Physical Sidelink Broadcast Channel
Physical Sidelink Control Channel

Physical Sidelink Discovery Channel
Physical Sidelink Shared Channel

Physical Uplink Control channel

Physical Uplink Shared channel

Random Access channel

Rank Indication

Sidelink Control Information

Sidelink Broadcast Channel

Sidelink Discovery Channel

Sidelink Shared Channel

Scheduling Request

Sounding Reference Signal

Time Division Duplexing
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TPMI Transmitted Precoding Matrix Indicator
UCl Uplink Control Information
UL-SCH Uplink Shared channel
4 Mapping to physical channels

The mapping to physical channels for Narrowband 10T is provided in section 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 channelsto 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
CFI 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 specifies the mapping of the sidelink control information to its corresponding physical channel.
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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
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 section 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,, 85,..., 851, and the parity bitsby pg, P1, P2, P3sees Prog- A

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

- Ocrca(D) =[D#*+ D@+ D®¥ + DY +D¥+ DM+ DY+ D’ + D6+ D>+ D*+ D3+ D + 1] and;
- gereaas(D) =[D%* + D2 + D6 + D® + D + 1] for aCRC length L = 24 and;

- gereis(D) = [D + D2 + D%+ 1] for aCRC length L = 16.

- Ocres(D) =[D8+ D7+ D*+ D%+ D + 1] for aCRC length of L = 8.

The encoding is performed in a systematic form, which means that in GF(2), the polynomial:
DB +a,D™? 4 +a, ;D*+ pyDZ +p, D +..4 pypD + pog

yields aremainder equal to 0 when divided by the corresponding length-24 CRC generator polynomial, gcrezaa(D) OF
Ocrez4s(D), the polynomial:

a,D™"® +a, DM + ..+ a, ;D + p,D® + p, DY +...+ p, D + pys

yields aremainder equal to 0 when divided by gcreis(D), and the polynomial:

agD " + DA+ +an DB+ poD’ + pD® +...+ pgDL + p;

yields aremainder equal to 0 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

b, = pr_a fork=A A+1, A+2,..., A+L-1.
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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 isnot O, filler bits are added to the beginning of the first block.
Note that if B < 40, filler bits are added to the beginning of the code block.
Thefiller bits shall be set to <NULL> at the input to the encoder.
Total number of code blocks C is determined by:
if B£Z
L=0
Number of code blocks: C =1

B'=B

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;(,C;1,C;,C3,-- Cy(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, = minimum K in table5.1.3-3 suchthat C-K > B’
if C=1
the number of code blocks with length K, is C, =1, K_=0, C_=0
eseif C>1
Second segmentation size: K_= maximum K in table 5.1.3-3 such that K < K,
Ag =K, —-K_

. K, -PB’
Number of segments of sizeK_: C_ = {C;J .

AK
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
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Cok =< NULL >
end for
k=F
s=0
forr=0to C-1
if r<C_
K, =K_
else
K, =K,
end if

while k <K, —L
Crk = by
k=k+1
s=s+1

end while

if C>1

The sequence c,q, ¢y, Crz,Crgs---, Cr(k, 1) 1S Used to calculate the CRC parity bits pq, pyy, proyeess Pric-a)

according to section 5.1.1 with the generator polynomial gereoas(D). For CRC calculation it is
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 ¢y, ¢, C,, C3,...,Cx_1, Where K isthe
number of bits to encode. After encoding the bits are denoted by d{?,d",d{’,d{",..,d 0}, , where D is the number of

encoded bits per output stream and i indexes the encoder output stream. The relation between ¢, and dS) 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:
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- tail biting convolutional coding with rate 1/3: D = K;

- turbo coding withrate /3: D =K + 4.
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The range for the output stream index i is0, 1 and 2 for both coding schemes.

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

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

PCH .

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

BCH Tail biting

convolutional 1/3

SL-BCH coding

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

Control Information Coding scheme | Coding rate
Tail biting
DCI convolutional 1/3
coding
CFlI Block code 1/16
HI Repetition code 1/3
Block code variable
Tail biting
uci convolutional 1/3
coding
SCI Tail biting
convolutional 1/3
coding

5.1.3.1

Tail biting convolutional coding

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

The configuration of the convolutional encoder is presented in figure 5.1.3-1.

Theinitial value of the shift register of the encoder shall be set to the values corresponding to the last 6 information bits
in the input stream so that the initial and final states of the shift register are the same. Therefore, denoting the shift
register of the encoder by s, S;, S, ,-.., S5, then the initial value of the shift register shall be set to

Si = C(k-1-i)

L4
w)

e
e

v
@)
v

w)

d{? G, = 133 (octal)

Y

Y
O
Y
O
e
Y
O
Y
O 7]

d G, = 171 (octal)

v v v v
» ) »(1) o) >0\ »
U U U U >
(2) —
v v v v d =
»(P) ) S0 S G G2=165 (octal)
U 4 4 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 aParallel 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:

qm:PE&Q,
90(D)

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

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

The output from the turbo encoder is

0
dIE)__Xk

1)
dIE)_Zk

2 ’
dIE)_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 bitsinput to the turbo encoder are denoted by ¢, ¢;,C,, C5,...,Ck_1, and the bits output from the first and second 8-
state constituent encoders are denoted by z,, z,, ,, Z3,..., Zx ; and 2y, 21, 25, Z5,..., Zk _1 , respectively. The bits output

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

1st constituent encoder .

k

> »p——>

A
Cx
}S ) » D » D » D
D

Output

Input
Turbo code internal i
interleaver 2nd constituent encoder Z

Output
> >\’—‘|: —>
Ci
@ » 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 ;400 ,
A =X, A =z, A0 =X, A5 =z

1) 1) 1 ’ 1) ’
d|(<) =Zk df(ll = Xk+2 d|(<)+2 =2k, dr(<13 = Xk+2
2 2 2 ’ 2 ’
d|(<) =Xg41s d|(<31 =Zk42s d|(<32 = X1, d|(<33 =Zk42
5.1.3.2.3 Turbo code internal interleaver

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

The relationship between the input and output bitsis as follows:
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cl = Crii) 1=0, 1,..., (K-1)

where the relationship between the output index i and the input index TT(i) satisfiesthe following quadratic form:
TGy = (£, i + £, 12 )mod K

The parameters f; and f, depend on the block size K and are summarized in Table 5.1.3-3.

Table 5.1.3-3: Turbo code internal interleaver parameters

K fi f, i K f, f, i K f, f, i K fi 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 1112 | 41 | 84 |57 | 488 | 91 | 122 | 104 | 1408 | 43 | 88 | 151 | 3776 | 179 | 236
11 | 120 | 103 | 90 | 58 | 496 | 157 | 62 | 105 | 1440 | 149 | 60 | 152 | 3840 | 331 | 120
12 | 128 | 15 | 32 |59 | 504 | 55 | 84 | 106 | 1472 | 45 | 92 | 153 | 3904 | 363 | 244
13 | 136 | 9 34 |60 | 512 | 31 | 64 | 107 | 1504 | 49 | 846 | 154 | 3968 | 375 | 248
14 | 144 | 17 | 108 | 61 | 528 | 17 | 66 | 108 | 1536 | 71 | 48 | 155 | 4032 | 127 | 168
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
17 | 168 | 101 | 84 |64 | 576 | 65 | 96 | 111 | 1632 | 25 | 102 | 158 | 4224 | 43 | 264
18 | 176 | 21 | 44 | 65| 592 | 19 | 74 | 112 | 1664 | 183 | 104 | 159 | 4288 | 33 | 134
19 | 184 | 57 | 46 |66 | 608 | 37 | 76 | 113 | 1696 | 55 | 954 | 160 | 4352 | 477 | 408
20 | 192 | 23 | 48 |67 | 624 | 41 | 234 | 114 | 1728 | 127 | 96 | 161 | 4416 | 35 | 138
21 | 200 | 13 | 50 |68 | 640 | 39 | 80 | 115 | 1760 | 27 | 110 | 162 | 4480 | 233 | 280
22 | 208 | 27 | 52 |69 | 656 | 185 | 82 | 116 | 1792 | 29 | 112 | 163 | 4544 | 357 | 142
23 1216 | 11 | 36 |70 | 672 | 43 | 252 | 117 | 1824 | 29 | 114 | 164 | 4608 | 337 | 480
24 1224 | 27 | 56 | 71| 688 | 21 | 86 | 118 | 1856 | 57 | 116 | 165 | 4672 | 37 | 146
25 | 232 | 85 | 58 | 72| 704 | 155 | 44 | 119 | 1888 | 45 | 354 | 166 | 4736 | 71 | 444
26 | 240 | 29 | 60 | 73| 720 | 79 | 120 | 120 | 1920 | 31 | 120 | 167 | 4800 | 71 | 120
27 | 248 | 33 | 62 | 74| 736 | 139 | 92 | 121 | 1952 | 59 | 610 | 168 | 4864 | 37 | 152
28 | 256 | 15 | 32 | 75| 752 | 23 | 94 | 122 | 1984 | 185 | 124 | 169 | 4928 | 39 | 462
29 | 264 | 17 | 198 | 76 | 768 | 217 | 48 | 123 | 2016 | 113 | 420 | 170 | 4992 | 127 | 234
30 | 272 | 33 | 68 | 77| 784 | 25 | 98 | 124 | 2048 | 31 | 64 | 171 | 5056 | 39 | 158
31 | 280|103 | 210 | 78 | 800 | 17 | 80 | 125 | 2112 | 17 | 66 | 172 | 5120 | 39 | 80

32 1288 | 19 | 36 | 79| 816 | 127 | 102 | 126 | 2176 | 171 | 136 | 173 | 5184 | 31 | 96

331296 | 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 1328 | 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

OOINO|O[AIWIN|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 section 5.1.4.1.2.

(0) (0)
dk Sub-block Vi
> interleaver d
virtual circular
buffer
d® s V@ . W . . &
ub-block [N Bit k Bit selection 3
interleaver ™1 collection and pruning
2 (2)
dlﬁ : Sub-block Vi N
> interleaver d

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

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

sequence defined as v, v{% v{? ..,v(?  and whereK ; is defined in section 5.1.4.1.1.

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

)

sequence defined asv{” , v VY .., V|(<n 1

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

sequence defined asv{? v v, v .

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

51411 Sub-block interleaver

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

(1) Assign CLS,,. =32to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1,
2,...,CaSpiock —Lfrom left to right.

(2) Determine the number of rows of the matrix RiGyoa» bY finding minimum integer R;Cbblock such that:

T C TC
D< ( bblock X Caubbl ock)

The rows of rectangular matrix are numbered 0, 1, 2,..., RIS, —1from top to bottom.
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) If (R;%block XC;(k:)bIock)> D, then Np = (R-sru(k:)block X Caibblock — D) dummy bits are padded such that yx = <NULL>

fork=0,1,...,No- 1. Then, yy .« = dlf) ,k=0,1,..., D-1, and the bit sequence yx is written into the
( G block Xcgucbblock) matrix row by row starting with bit yo in column 0 of row 0:

Yo Y1 Yo

Y1
Caubblock —1

Y 1 Y 1 Y 1c Y, ~1C
Caulbblock Cabblock +1 Cabblock +2 . 2Cabblock—1

y y

TC TC TC TC TC TC TC TC
(Reubblock ~D*Csubblock y( Rsubblock ~DXCaubblock +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 )) iefor. TG0 1) e IS shOWn in
table 5.1.4-1, where P(j) isthe original column position of the j-th permuted column. After permutation of the

columns, the inter-column permuted (R;Cbuock XC;Cbmock) matrix is equal to

Yp(0) Yp() Yp(2) e yp(c;cb oD
yP(0)+§;%b| ock yP(1)+C_;%b| ock yP(Z)"'(.:;J%bI ock yP(CsTu%bl ockj1)+CsTu%b| ock

y y y y

TC TC TC TC TC TC TC TC TC
P(0)+(Rsubblock ~DXCsubblock P(0)+(Rsbblock ~L*Csubblock P(2)+(Rsubblock “DXCsubblock P(Csubbiock —1)+(Raubblock ~D*Csubblock

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

permuted (R;Cbuock X C S ook ) matrix. The bits after sub-block interleaving are denoted by v, v{" ,v{ vfg1 .

i i 1C TC
, where v{ correspondsto yp(g Vi’ toy, TSy, - @Ky = (wablock wabblock).
@ .
Ford,”:

(4) The output of the sub-block interleaver is denoted by v(? ,v{? ,v{? vff; . where v{? =y, and where

k
7(K)= PQ?D +CI% ook X (k mod Y iock )+ 1|{modK
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
Caiibblock < P(0), P)...., P(Cqppiock —1) >

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

32 1,17,9, 25, 5, 21, 13, 29, 3, 19, 11, 27, 7, 23. 15, 31 >

5.1.4.1.2 Bit collection, selection and transmission

The circular buffer of length K, = 3K; for the r-th coded block is generated as follows:
w, = v fork=0,..., Ky -1

WK]‘[+2k :Vl((l) fOl'k:O,..., KH _1
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WKH+2|(+1 =V|((2) 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 Ng, bits.
The size Ny is obtained as follows, where C is the number of code blocks computed in section 5.1.2:

- Ng = mi n&MJ, 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-v14xy indicating UE category M2, Ngyt is the total number of soft channel bits
according to the UE category indicated by ue-CategoryDL-v14xy. Otherwise, if the UE signals ue-CategoryDL-v1310
indicating UE category M1, Ngy: is the total number of soft channel bits according to the UE category indicated by ue-
CategoryDL-v1310. Otherwise, if the UE signals ue-CategoryDL-v13xy, and is configured with transmission mode 9 or
transmission mode 10 and the higher layer parameter maxLayersMIMO-r10 is configured to eightLayers, Nt iS 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, N« 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, Nst iS the total number of soft channel bits
according to the UE category indicated by ue-Category-v11a0. Otherwise, if the UE signals ue-Category-v1020, and is
configured with transmission mode 9 or transmission mode 10, or is configured with transmission mode 3 or
transmission mode 4 and the higher layer parameter maxLayersMIMO-r10 is configured to fourLayers, for the DL cell,
Nsit 1S the total number of soft channel bits [4] according to the UE category indicated by ue-Category-v1020 [6].
Otherwise, Nyt 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 Ny = 303562752,
Ke= 32,
elseif Nyt = 14616576,
if the UE is configured by higher layers with altCQI-Table-r12,
Ke =3/2
else
Ke =2
end if.
elseif Nyt = 19488768,

if the UE is configured by higher layers with altCQI-Table-r12,
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Ke =2
else

Kc =8/3
end if.

elsalf Ngit = 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,

Ke =3
else

Ke =372
end if.

elsalf Ngit = 3654144 and the UE is capable of supporting no more than a maximum of two spatia 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

Ke =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 section 7.1 of [3], and is equal to 1 otherwise. For BL/CE UE Kuimo isequal to 1.

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

Denoting by E the rate matching output sequence length for the r-th coded block, and 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/(N, -Q,,) where Qmisequal to 2 for QPSK, 4 for 16QAM, 6 for 64QAM and 8 for 256QAM, and where
- For transmit diversity:
- N.isequal 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 section 5.1.2.
if r<C-y-1
stE=N,-Q, |G/C]
else
stE=N,-Q, [G'/C]

end if
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TC

N . . . .
Setky = RIS, oo -[2- LR—wa Vg + 2] , where R15p0q 1Sthe number of rows defined in section 5.1.4.1.1.
subblock

Setk=0andj=0

while{ k< E}

if W(k0+j)mochb #< NULL >

€ = Wiky+j)modNg,
k=k+1
end if
j=j+1
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 section 5.1.4.2.2.

(0) (0)
dk Sub-block Vi o
> interleaver d
virtual circular
buffer
d® s V@ . W . . &
ub-block K o Bit k Bit selection 3
interleaver "1 collection and pruning
(2) (2)
dk Sub-block Vi N
> interleaver d

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

The bit stream d(* isinterleaved according to the sub-block interleaver defined in section 5.1.4.2.1 with an output

sequence defined as v{”, %, v{” ..., i) ; and where Ky; isdefined in section 5.1.4.2.1.

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

sequence defined asv§” v v .., v .
The bit stream dlﬁz) isinterleaved according to the sub-block interleaver defined in section 5.1.4.2.1 with an output
sequence defined asv§® v v .. v .

The sequence of bits g, for transmission is generated according to section 5.1.4.2.2.
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51421 Sub-block interleaver

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

(1) AssignCSS, o = 32to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1,
2,..., CShiock —1from left to right.

(2) Determine the number of rows of the matrix RSS, .« by finding minimum integer RSS,, . such that:

cc cc
D= (Rsubblock X Csubblock)

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

3) 1 (RS 00k X C e )> D then Nip = (RS, o0k X €SSy — D) dummy bits are padded such that yi = <NULL>
fork=0,1,...,No- 1. Then, yy, .« = dlf) ,k=0,1,..., D-1, and the bit sequence yi is written into the

(Fg(k-):block xCé:JCbblock) matrix row by row starting with bit yo in column 0 of row 0:

Yo Y1 Y2 Yeco 4
subblock
Ycc cc cc o Y, ~cc
Csupblock Csubpmck +1 Cwbb_lock +2 . 2Csub_b|ock -1

y(Rcc _1)xcCE

cc cc Y occ cc Y ncc cc
subblock subblock Repoiock “D*Copiock T~ Repbiock “D*Capblock 2 (R xC 0

'subblock ~ ™~ subblock

(4) Perform the inter-column permutation for the matrix based on the pattern(P(j )) e {0 1..cSE, k*l} that is shown in

table 5.1.4-2, where P(j) isthe origina column position of the j-th permuted column. After permutation of the
columns, the inter-column permuted (Rfu%mm X Cgfbbm() matrix is equal to

cc

YpP(0) Yp@) Yp(2) yP(Csubblock 1)
yP(0)+?§Jcbb|ock yp(l)‘*'(;gjcbblock yP(2)+C_:sCJCbblock ) yP(ng%b|ockj1)+C§JCbb|ock

yP(0)+( RS Bblock—DXCSBblock yp(l)+(R(ﬂ:J%bl ook ~DXCEBblock yP(2)+( RS Bblock—DXCSBblock yP(CgJ%bI ook~ +(RSBb100k~DXC Bblock

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

permuted (R;%b,ock X Ci%b|ock)matrix. The bits after sub-block interleaving are denoted by v, v v,...v0

i i C CcC
where v correspondsto yp g, V. to Yopces,., - ad Kn =( bblockxcsubmmk)

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

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

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

5.1.4.2.2 Bit collection, selection and transmission

The circular buffer of length K, = 3K; isgenerated as follows:
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w, = v fork=0,..., K -1
W o =V fork=0,..., Ky -1

W2K]‘[+k :V&Z) fOl'k:O,..., KH _1
Denoting by E the rate matching output sequence length, the rate matching output bit sequenceis g, k=0,1,..., E-1.
Setk=0andj=0
while{ k< E}

if Wjmoak,, #< NULL >

€ = Wjmodk,,
k=k+1

end if

j=j+1

end while

515 Code block concatenation

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

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

Set k=0andr=0
while r < C
Set j=0
while j < E,
fk=e”-
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.
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If the UE is configured with a PUCCH SCell [6], the procedures described in this clause are applied to the group of DL
cells associated with the primary cell and the group of DL cells associated with the PUCCH SCell, respectively. When
the procedures are applied to the group of DL cells associated with the PUCCH SCell, the term primary cell refersto
the PUCCH SCell.

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

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

5.2.2 Uplink shared channel

Figure 5.2.2-1 shows the processing structure for the UL-SCH transport channel on one UL cell. 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

- Channel interleaver

The coding steps for one UL-SCH transport block are shown in the figure below. The same general processing applies
for each UL-SCH transport block 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 bits in a transport block delivered to layer
lbyag,ay,a,,48s,...,a51, and the parity bitsby py, p;, P2, P3.---» PL_1 - Aisthe size of the transport block and L is the
number of parity bits. The lowest order information bit ap is mapped to the most significant bit of the transport block as

defined in section 6.1.1 of [5].

The parity bits are computed and attached to the UL-SCH transport block according to section 5.1.1 setting L to 24 bits

and using the generator polynomial gcrczaa(D).

5.2.2.2

Code block segmentation and code block CRC attachment

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

transport block (including CRC).
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Code block segmentation and code block CRC attachment are performed according to section 5.1.2.

The bits after code block segmentation are denoted by C, ¢, C;1,C; 2, Cy3...-: C;(k, -1) » Where T is the code block number
and K; is the number of bits for code block number r.

5.2.2.3 Channel coding of UL-SCH

Code blocks are delivered to the channel coding block. The bitsin a code block are denoted by

Cr0+Cr1:Cr2,Cr3.es Gk, —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 section
5.1.3.2

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

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

5224 Rate matching

Turbo coded blocks are delivered to the rate matching block. They are denoted by d,d{,d@),d() ,...,dr%r _y)» With

i =01,and2, 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 blocksis denoted by C and each coded block is
individually rate matched according to section 5.1.4.1.

After rate matching, the bits are denoted by €,0,€1,6 2, €3,-...& (g, 1), Wherer is the coded block number, and where
E, isthe number of rate matched bits for code block number r.

5.2.25 Code block concatenation

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

Code block concatenation is performed according to section 5.1.5.

The bits after code block concatenation are denoted by f,, f;, f,, fs,..., fg_; , 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 alocating different number of coded symbols for its transmission. When control data are transmitted in the PUSCH,
the channel coding for HARQ-ACK, rank indication (including RI only, joint report of RI/i1, joint report of CRI/RI,
joint report of CRI/RI/i1, joint report of CRI/RI/PTI, joint report of RI/i1,p-2, and joint report of RI/PTI), CRI and
channel quality information 0,,0;,0,,...,0o_; iSdoneindependently. Parametersil,1-1,i1,2-1,i1,1-2,i1,2-2,i1,p-2

correspond to parameters i, i, ,, d;, d,,and |, insection 7.2.4 of [3].

For the cases with TDD primary cell, the number of HARQ-ACK bitsis determined as described in section 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 bits 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 .ﬁPUEI:H
SC

o symb offset . PUSCH
Q =min o] , 4-M
> K,
r=0

where

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

PUSCH
- M <

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

- N ;L,fnicH'i”md is the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the same
transport block, respectively, givenby Nome o = (2- (N;;b —1)— Nggg — NEo — NP ) where

- Ngs isequato 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, or

- if the PUSCH resource alocation for initial transmission even partialy overlaps with the cell-specific
SRS subframe and bandwidth configuration defined in section 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 Section 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 section 8.2 of [3] and the UE is configured with multiple TAGs.

- Otherwise N gq isequal toO.

PUSCH
Nstart

the PUSCH not starting from the beginning of the first symbol of the subframe, otherwise is equal to 0.

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

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

the PUSCH up to the second to last symbol of the subframeand N s 1sequal to 0, otherwiseis equal to O.

- M PuseR-ntal FCand K, are obtained from theinitial PDCCH or EPDCCH or MPDCCH for the same
transport block. If thereis no initial PDCCH or EPDCCH with DCI format 0 or MPDCCH with DCI format 6-
0A/6-0B for the same transport block, M 2/SCH-1nal " 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{e,m, 4-M g7 )vQ;nin] with
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PUSCH —initial (1)  PUSCH —initial (1) 4 PUSCH —initial (2) n; PUSCH —initial (2) PUSCH
O-Mg 'Nsymb ‘Mg 'Nsymb B

, offset
Qtemp: cP-1 i i c?a i —
Z Kr(l) M SF(’:USCH —initial (2) N;%%CH —initial (2) + Z Kr(Z) M SF(’:USCH —initial (1) N;LéiS)CH —initial (1)
r=0 r=0

where

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

- Q=0 if 0<2,Ql =[20/Q,] if 320<11 with Q, = min(Q,Q2) where Q%, x = 1.2} isthe
modulation order of transport block “x”, and Q/, =[20, /Q}, |+[20,/Q}, | if 0>11 with O, =[0/2] and
0,=0-[0/2].

- MEPUSCRANEIR) [y — 11 21 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

- NS HNE00 = {12} are the number of SC-FDMA symbols per subframe for initial PUSCH transmission for

the first and second transport block given by

PUSCH-inifal (x) _ uL (x) PUSCH (x) PUSCH(X) ) + _
Nsymb = (2' (Nwmb _1)_ NSRS - Nstart - Nend ). X —{:LZ} , Where

- N, x={12 isequa to1

- 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 allocation for initia transmission of transport bock “x” even partially overlaps
with the cell-specific SRS subframe and bandwidth configuration defined in section 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 Section 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 section 8.2 of [3] and the UE is configured with multiple TAGs.

- Otherwise Nggs,x:{LZ} isequal to 0.

- NI % ={1,2} isequal to 1 when the UE configured for uplink transmission on aLAA SCell is

indicated to transmit the PUSCH for the first and second transport block not starting from the beginning of the
first symbol of the subframe, otherwiseisequal to 0.

- N;léSCH ™ x ={1,2} isequal to 1 when the UE configured for uplink transmission on aLAA SCell is
indicated to transmit the PUSCH for the first and second transport block up to the second to last symbol of the
subframe and NgF?S, x={12} isequal to O, otherwiseisequal to 0.

- MEUSEHANEG) v 12 c® x={1,2},and K, x={12} are obtained from theinitia PDCCH or
EPDCCH for the corresponding transport block.

For HARQ-ACK, Q.o =Q,,- Q" and Bhs " = Brrn® ™ where Q,,isthe modulation order of agiven
transport block. For UEs configured with no more than five DL cells, ﬂo'?fg(}ACK shall be determined according to [3]

depending on the number of transmission codewords for the corresponding PUSCH. For UEs configured with more
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than five DL cdlls, ,BO'?QET‘“CK shall be determined according to [3] depending on the number of transmission

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

For rank indication or CRI, Qg = Q. -Q", Qg =Q,, - Q" and B = BE . whereQ, isthe modulation

order of agiven transport block, and ﬂ oiiset 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.

For HARQ-ACK

- Each positive acknowledgement (ACK) isencoded asabinary ‘1’ and each negative acknowledgement (NACK)
isencoded as abinary ‘0’

- If HARQ-ACK feedback consists of 1-bit of information, i.e., [0;°¥ ], it isfirst encoded according to Table
5.2.2.6-1.

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

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

consists of 2-bits of information as a result of the aggregation of HARQ-ACK bits corresponding to two DL cells
with which the UE is configured by higher layers, or if HARQ-ACK feedback consists of 2-bits of information
corresponding to two subframes for TDD, it isfirst encoded according to Table 5.2.2.6-2 where

ACK ( ACK ACK ) mod?2.

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

Qm Encoded HARQ-ACK
2 [OACK y]

4 [04™ yxX]

6 [08 yxxxX]
8 [08 y XX X X X X]

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

Qm Encoded HARQ-ACK

5 [0ACK QACK GACK oACK ACK oACK )

4 [0 0% x x 0f%K A% x x 0K gAK y ]

6 [oACK 01ACK X X X X o?CK o(/;‘CK X X X X olACK oé"CK XX X X]

8 [06F 0K x x x x x x 05 0f ™" x x x x x x 0/ 05 x x 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.,

05 of ..., 055 _, - then acoded bit sequence Gy "™ ..., G5 is obtained by using the bit sequence
05K oK .. OQ%K _, astheinput to the channel coding block described in section 5.2.2.6.4. In turn, the bit
sequence q@CK L0, a5 .., b5 4 isobtained by the circular repetition of the bit sequence

0g K G/ ..., G~ sothat the total bit sequence length is equal to Qack -
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- If HARQ-ACK feedback consists of 11< Q" <22 bits of information as a result of the aggregation of HARQ-
ACK bhits corresponding to one or more DL cells with which the UE is configured by higher layers, i.e.,

05 0'...,005k _, » then the coded bit sequence g5 ™" , ™, 45" ..., g, 1 is Obtained by using the bit

sequence 05K oK ..., OQECKK _, astheinput to the channel coding block described in section 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, ™, 45 ..., a4 1. The CRC attachment, channel coding and rate matching

of the HARQ-ACK hits are performed according to sections 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 05 0™ ,...,0/%& . 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 g5, "™, g2 ...ad.s  isobtained by concatenation of multiple encoded HARQ-ACK blocks where
Qack isthetotal number of coded bits for all the encoded HARQ-ACK blocks. The last concatenation of the encoded

HARQ-ACK block may be partial so that the total bit sequence length is equal to Qack -

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

GOACK GlACK yeees Ggfc'i ., is determined according to the Downlink Assignment Index (DAI) asin Table 5.3.3.1.2-2 and

as defined in [3]. Otherwise, the bit sequence 6, 6,'°“ ..., 6.2 | isdetermined 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 result of the concatenation of HARQ-ACK bits for the

multiple DL cells according to the followi ngop%jdo-code:

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

Set N2 to the number of cells configured by higher layers for the UE

whilec< N2
if transmission mode configured in cell ce {1,2,5,6,7} — 1 bit HARQ-ACK feedback for this cell

~ACK
0. =

] HARQ-ACK bit of this cell

j=j+1
else

ACI

if the UE is not configured with spatial bundling on PUSCH by higher layers (o}

" = HARQ-ACK bit

corresponding to the first codeword of this cell
j=j+1
AC

0

] K = HARQ-ACK hit corresponding to the second codeword of this cell

j=i+1
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else

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

cell
j=j+1
end if
end if
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 67 6, ..., Géfcﬁil is the result of the concatenation of HARQ-ACK bits for one or

multiple DL cells. Define N 2L as the number of cells configured by higher layers for the UE and BCDL as the number

cells
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, BCDL =1 if subframe n-4 in the cell isa DL subframe or a special subframe with special subframe
configurations 1/2/3/4/6/7/8/9/10 and normal downlink CP or a specia subframe with specia subframe configurations
1/2/3/5/6/7 and extended downlink CP, and B>" =0 otherwise. For acell using FDD, B>" =1.

The bit sequence 6, 6, ..., 6%« , is performed according to the following pseudo-code:

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

whilec< N2

if B2- =1

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

6, = HARQ-ACK bit of this cell
j=j+1
else
if the UE is 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
GjACK = HARQ-ACK bit corresponding to the second codeword of this cell
j=j+1
else
GjACK = binary AND operation of the HARQ-ACK hits corresponding to the first and second codewords of
thiscell
j=j+1
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end if
end if
end if
c=c+1
end while
For the cases with TDD primary cell when HARQ-ACK isfor the aggregation of one or more DL cellsand the UE is

configured with PUCCH format 3, PUCCH format 4 or PUCCH format 5 [3], the bit sequence 6% 6, ..., c”)éfcﬁ B

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 NCDS,']S as the number of cells configured by higher layers for the UE and Bf L asthe number of subframes for
which the UE needs to feed back HARQ-ACK bits as defined in Section 7.3 of [3].

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

Set k = 0 — counter of HARQ-ACK bits

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

whilec< N2,

set1=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
Set j = 0—HARQ-ACK hit index

whilec< N2,

st =0;

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

ACK

0 7 HARQ-ACK bit of this cell as defined in Section 7.3 of [3]

j=j+1
else

[6/,0,71=[0{5",0{5%] HARQ-ACK bitsof this cell as defined in Section 7.3 of [3]

j=j+2
end if
I =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, spatial bundling is
applied to all subframesin all 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 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 < BP*

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

0, = 0/\™ HARQ-ACK bit of this cell as defined in Section 7.3 of [3]
j=j+1
else
~ACK __ ACK
(o} = binary AND operation of the HARQ-ACK bits corresponding to the first and second

j
codewords of this cell asdefined in Section 7.3 of [3]

j=j+1
end if
[=1+1
end while
c=c+1

end while

For 0** <11 or 0" > 22, the hit sequence 0f™ of*™ ..., 025,  is obtained by setting 0" =§
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For 11< 0" < 22, the bit sequence 05" o/« ,...,og%K _, isobtained by setting 0S¢ =8" ifiisevenand

ACK ~ ACK g i
ifii .
O{OACK /2]+(i-1)/2 0 s odd

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

with PUCCH format 1b with channel selection, the bit sequenceo,™ o/ ,..., OgAck 4 isobtained as described in
section 7.3 of [3].
For TDD HARQ-ACK bundling, abit sequence @, <, <", g, <" ,...,ﬁ& i:fl is obtained by concatenation of

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

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

equal toQack . A scrambling sequence [W('?CK WK K ek ] is then selected from Table 5.2.2.6-A with index

i = (Npyes —1)Mod4, where N, o iSdetermined as described in section 7.3 of [3]. The bit sequence

ag<c, g7 e £CK | isthen generated by setting M= 1 if HARQ-ACK consists of 1-bit and M= 3 if

e OQack
HARQ-ACK consists of 2-bits and then scrambling G, G, G ,...,aQAA (&:::*1 asfollows

Seti ktoO
while i < Qack
if " =y /I place-hol der repetition bit
Q% = (@ + W) Jmod2
k=(k+2)mod4m
else
if §"““=x  /aplace-holder bit
inCK — qACK
else /1 coded bit
@ = @ i Jmod2
k=(k+2)mod4m
end if
i=i+1

end while

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

i lW(,;ACK WlACK Wé’-\CK W?,:-\CK J
[1111]
[L010]
[1100]
[L1001]

WIN |- |O
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When HARQ-ACK information is to be multiplexed with UL-SCH at a given PUSCH, the HARQ-ACK 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 HARQ-ACK information is denoted by g2, q/*™,..., qS,CK , where g"¢
- - —Qhck -

-1
i =0,...,Qcx —1 are column vectors of length (Q,,- N, ) and where Qo = Qack / Q,, is obtained asfollows:

Seti ktoO
while i < Qacx

~ ACK ACK ACK

G, =[g"" ..a%%g, 4] -- temporary row vector
—
C_JSCK = [QCCK '--QCCK 1" - replicating the row vector g:CK 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.

For rank indication (RI) (RI only, joint report of Rl and i1, joint report of CRI and RI, joint report of CRI, Rl and i1,
joint report of CRI, RI, and PTI, joint report of RI and i1,p-2, and joint report of Rl and PTI1) or CRI

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

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

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

- Elsg

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

- If the UE is configured with transmission mode 10, and higher layer parameter eMIMO-Type, and
eMIMO-Typeisset to ‘CLASS B’ with activatedResources=1 or number ActivatedAperiodicCS-RS
Resources>0, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-
Capability, the maximum number of layers for each CSI process is determined according to the minimum
of the number of antenna port of the activated or selected CSI-RS resource in that CSl process and ue-
Category (without suffix).

- If the UE is configured with transmission mode 10 and higher layer parameter eMIMO-Type and eMIMO-
Type2, and the supportedMIMO-CapabilityDL-r10 field isincluded in the UE-EUTRA-Capability, the
maximum number of layers for each CSI processis determined according to the minimum of the
configured number of CSI-RS ports of eMIMO-Type2 for that CSl process and the maximum of the
reported UE downlink MIMO capabilities for the same band in the corresponding band combination.

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

- If RI feedback consists of 1-hit of information, i.e., [o(?' ], itisfirst encoded according to Table 5.2.2.6-3. The

[o(?' ] to RI mappingisgiven by Table 5.2.2.6-5.

- If RI feedback consists of 2-bits of information, i.e., [ogal olR' ] with Og" corresponding to MSB of 2-bit input
and 0" corresponding to LSB, it i first encoded according to Table 5.2.2.6-4 where of = (of +0f' )mod 2.
The [og{I olR' ] to RI 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 V]

4 [og yxX]

6 [0 yXXXX]

8 [0} y X X X X X X]

Table 5.2.2.6-4: Encoding of 2-bit RI

Qm Encoded RI

z (95 o of of of oF

4 [of off xx of of! xxoff off xx]

6 o off xxxx of off xxxx off o} xxxx]

8 [of off xxxxxx o of xxxxxx o 0f XX XXX X]

Table 5.2.2.6-5: 00RI to RI mapping

o RI
0 1
1 2

Table 5.2.2.6-6: 00RI , 01RI to RI mapping

RI RI
o, ., O RI

ROk |O

Plelolo

AIW|IN|F
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Table 5.2.2.6-7: of , o' , o} to RI mapping

o, of, o} RI
0,0,0 1
0,0,1 2
0,1,0 3
0,1,1 4
1,0,0 5
1,0,1 6
1,1,0 7
1,1, 1 8

- If RI feedback for agiven DL cell consists of 3-hits of information, i.e., [0} of of ] with Of' corresponding

to MSB of 3-bit input and o2 corresponding to LSB. The [o0 o1 o2 ] to Rl mapping is given by Table
5.2.2.6-7.

- If RI feedback consists of 3<O® <11 bitsof information, i.e., [oR' ], then a coded bit sequence

oR' -1
[q 4 ,q31 ] isobtained by using the bit sequence [o ] astheinput to the channel coding

block deSCI’I bed in section 5.2.2.6.4.

oRI 1

- If RI 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., [of o ... ], then the coded bit

oR' 1

sequence q¢' ,af" a3 .....a5, ; isobtained by using the bit sequence [o§' of ] astheinput to the

oR' -1
channel coding block described in section 5.2.2.6.5.

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

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

oR' -1
¢’ . af a3 ..... a5, 1 - The CRC attachment, channel coding and rate matching of the HARQ-ACK bits are
performed according to sections 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 [og' 0" ,...,00x ;] 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 placehol ders for [2] to scramble the RI bitsin away 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 C|O Q1 ' q e qQR| 4!
obtained by concatenation of multiple encoded RI blocks where Qg isthetotal number of coded bits for all the
encoded RI blocks. The last concatenation of the encoded RI block may be partial so that the total bit sequence length
isequal toQy, .

For the case where RI feedback consists of 3< QR <11bits of information, the bit sequence q0 ,q1 ,q2 - ,qQRI 1 is

obtained by the circular repetition of the bit sequence qO al - ,q31' so that the total bit sequence length is equal to

Qr -
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For the case where CRI feedback is to be reported, the same procedures for Rl are applied for CRI. When rank
information is to 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

rank information is denoted by 95' , 91R| gg'hl _,»Where g7, i =0,..,Qg —1 are column vectors of length
(Qy-N_) and where Qi = Qg / Qn,. The vector sequence is obtained as follows:

Seti,j, ktoO

while i < Qg

gf’ =[gf ..a%g, 1] - temporary row vector

N

—
q E‘ =[4 E‘ g E‘ 1" -- replicating the row vector gf' 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

PUSCH -initial (x) n( PUSCH —initial (X) 2 PUSCH x
, [ (O+L)-Mg “Ngmp  Pofisa PUSCH  \jPUSCH W
Q' =min T (M IS N -

Z K r(x) Qr(nX)

r=0

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

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

8 otherwise'

- Qo =Q¥-Q’and LS = B2 where B52, 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) =0

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 PYSH @00 "C0) ang K™ are obtained from the initial
PDCCH or EPDCCH or MPDCCH for the same transport block. If thereis no initial PDCCH or EPDCCH with DCI
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format 0 or MPDCCH with DCI format 6-0A/6-0B for the same transport block, M 275 7M@) "C) gng K (90
shall be determined from:

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

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

N PUSCH-initial ()

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

transport block.

For UL-SCH datainformation G = N .(N;Lrﬁc'* MES QY - Quy —ng)), where
fo) is the number of layers the corresponding UL-SCH transport block is mapped onto, and

- M2US™ isthe scheduled bandwidth for PUSCH transmission in the current sub-frame for the transport block,

and
- NS isthe number of SC-FDMA symbols in the current PUSCH transmission sub-frame given by
PUSCH-inital __ UL PUSCH PUSCH
Nsymb - (2 (Nsymb _1)_ NSRS - Nstart - Nend )’ where

Ngs isequa to 1 for non-BL/CE UEs and BL/CE UEs in CEModeA

- 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 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 section 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
Section 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
section 8.2 of [3] and the UE is configured with multiple TAGs.

- Otherwise Ngg isequa to 0.

NSF:;?CH is equal to 1 when the UE configured for uplink transmission on aLAA SCell isindicated to transmit

the PUSCH not starting from the beginning of the first symbol of the subframe, otherwiseis equal to 0.

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

the PUSCH up to the second to last symbol of the subframeand N s 1sequal to 0, otherwiseis equal to 0.

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 inincreasing 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 processindex for each DL cell and then in increasing order of cell index.

- If the payload size isless than or equal to 11 bits, the channel coding of the channel quality informationis
performed according to section 5.2.2.6.4 with input sequence 04,04, 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 sections 5.1.1, 5.1.3.1 and 5.1.4.2, respectively. The input bit
sequence to the CRC attachment operation is 0y, 04, 0,,...,04_1 . The output bit sequence of the CRC attachment
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operation isthe 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 d,.0;.0,,03,..., AN, Qe -1
where N, isthe number of layers the corresponding UL-SCH transport block is mapped onto.

5.2.2.6.1 Channel quality information formats for wideband CQI reports

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

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

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

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

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

Table5.2.2.6.1-1E shows the fields and corresponding bit widths for the channel quality information feedback for
wideband reports for PDSCH transmissions associated with transmission mode 9/10 configured with PMI/RI reporting
with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’ with K=1 and
higher layer parameter alter nativeCodebookEnabledCLASSB K1=TRUE configured, and transmission mode 9/10
configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI
reporting with 2/4/8 antenna ports and higher layer parameter alternativeCodebookEnabledCLASSB K1=TRUE.

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

5.2.2.6.1-1D-1 and Table 5.2.2.6.1-1D-2, the codebook configuration (N, N,,O,,0, ) isdefinedin[3], and

CodebookConfig is configured by higher layers[6]. The parameters (Sl, SZ) inrank 3 and 4 are defined as

(S.,S,)=(1,1) for CodebookConfig=1, (S,,S, )= (% ,%j for CodebookConfig=2, (S,, S, )= (Ol , %j for

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

defined as (S;, S, )=(1,1) for CodebookConfig=1, (S,,S, )= [% ,%) for CodebookConfig=2/3/4. The
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parameters (L, L, ) are defined as L, = min{4,N,} and L, =2 for N, > N, and N, #1, L, =2 and
L, =min{4,N,} for N, <N, and N, #1,and L, =min{8,N,} and L, =1 for N, =1.

Table 5.2.2.6.1-1: Fields for channel quality information feedback for wideband CQI and subband PMI
reports (transmission mode 4, transmission mode 6, transmission mode 8 configured with PMI/RI
reporting except with alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 9
configured with PMI/RI reporting with 2/4 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE or advancedCodebookEnabled=TRUE, transmission
mode 10 configured with PMI/RI reporting with 2/4 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE or advancedCodebookEnabled=TRUE, 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, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 2/4 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE or alternativeCodeBookEnabledFor4TX-r12=TRUE)

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

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

Field Bit width
Rank =1 Rank =2 Rank =3 Rank =4
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 0 4 4 4
Wideband first PMI i1 4 4 2 2
Subband second PMI i2 4N 4N 4N 3N
Field Bit width
Rank =5 Rank =6 Rank =7 Rank =8
Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 4 4 4 4
Wideband first PMI i1 2 2 2 0
Subband second PMI i2 0 0 0 0
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Table 5.2.2.6.1-1B: Fields for channel quality information feedback for wideband CQI and subband
PMI reports with 4 antenna ports (transmission mode 8, transmission mode 9 and transmission mode
10 configured with PMI/RI reporting, 4 antenna ports and alternativeCodeBookEnabledFor4TX-
r12=TRUE, transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with 4 antenna ports with K>1, and K=1 except
with alternativeCodebookEnabledCLASSB_K1=TRUE, with alternativeCodeBookEnabledFor4TX-
r12=TRUE, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 4 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE, with alternativeCodeBookEnabledFor4TX-

r12=TRUE)
Field 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 il 4 4 0 0
Subband second PMI i2 4N 4N 4N 4N

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

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

Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 0 4 4 4
Wideband first PMI i1,1-1 3 3 0 0
Wideband first PMI i1,2-1 0 0 0 0
Wideband first PMI i1,1-2 0 0 0 0
Wideband first PMI i1,2-2 0 0 0 0
Wideband first PMI i1,p-2 2 2 0 0

Subband second PMI i2 6N 12N 4N 4N

ETSI



3GPP TS 36.212 version 14.4.0 Release 14 45 ETSI TS 136 212 V14.4.0 (2017-10)

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

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

Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 0 4 4 4
Wideband first PMI i1,1-1 | [log,(N,O,)] | [log,(N,0,) ] 2 2
Wideband first PMI i1,2-1 0 0 0 0
Wideband first PMI 1,12 | [log,(L,) | [log,(L) ] 0 0
Wideband first PMI i1,2-2 0 0 0 0
Wideband first PMI i1,p-2 2 2 0 0

Subband second PMI i2 6N 12N 4N 3N

Field Bit width
Rank =5 Rank = 6 Rank =7 | Rank =8

Wideband CQI codeword 0 4 4 4 4
Wideband CQI codeword 1 4 4 4 4
Wideband first PMI i1,1-1 2 2 2 0
Wideband first PMI i1,2-1 0 0 0 0
Wideband first PMI i1,1-2 0 0 0 0
Wideband first PMI i1,2-2 0 0 0 0
Wideband first PMI i1,p-2 0 0 0 0

Subband second PMI i2 0 0 0 0
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Table 5.2.2.6.1-1C: Fields for channel quality information feedback for wideband CQI and subband
PMI reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to ‘CLASS A’ with codebook configuration (N,N,Q,Q) and

CodebookConfig=1, except with advancedCodebookEnabled=TRUE)

Field Bit width
Rank =1 Rank =2 Rank =3 Rank =4
Wideband
CQl 4 4 4 4
codeword 0
Wideband
CQl 0 4 4 4
codeword 1
fiygtiieMb??ﬂl (|092(N101ﬂ ﬂogz(Nlolﬂ {log ( NiO; [ { 5 Dﬂ (Iog{Nlo1 X[Z%Q_BNZJM
fi:-/!tlc:aehaﬁfz |_|092(N202)-‘ ’_IOQZ(NZOZH ['ng )—l Irlogz O )—I
Subband
second PMI 2N 2N N N
i2
Field Bit width
e Rank =5 Rank =6 Rank =7 Rank =8
Wideband
CQl 4 4 4 4
codeword 0
Wideband
CQl 4 4 4 4
codeword 1
Wideband
firstl PeM|aPl,l ’_logz(Nlol/Sl)—| |—|092(N101/§)—| ’—logz(Nlollsl)—| |_|092(N101/§)—|
o oo | [109,(N,0,78,)] [[log, (N,0,/S,)]  [log, (N,0,/S,)] [log, (N,0,/S,)]
Subband
second PMI 0 0 0 0
i2
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Table 5.2.2.6.1-1D: Fields for channel quality information feedback for wideband CQI and subband
PMI reports (transmission mode 9/10 configured with higher layer parameter eMIMO-Type, and
eMIMO-Type is set to ‘CLASS A’ with codebook configuration (N, N, Q,0) and CodebookConfig=2/3/4,

except with advancedCodebookEnabled=TRUE)

Field

Bit width

Rank =1

Rank =2

Rank =3

Rank =4

Wideband
CQl
codeword
0

Wideband
cQl
codeword
1

Wideband
first PMI
i1,1

|_| 0g,(N;O; / 2)-‘

|_| 0g,(N;O; / 2)-|

Wideband
first PMI
i1,2

|_|092(N202 / 2)-|

’_|092(N202 / 2)-|

Subband
second
PMI i2

4N

4N

Field

Bit width

Rank =5

Rank =6

Rank =7

Wideband
cQl
codeword
0

Wideband
CQl
codeword
1

Wideband
first PMI
i1,1

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

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

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

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

Wideband
first PMI
i1,2

[l0g, (N,0,/S,)]

[l0g, (N,0,/S,)]

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

[l0g, (N,0,/S,)]

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

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

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

Field

Bit width

Rank =1

Rank =2

Rank =3

Rank =4

Wideband
CQl
codeword
0

Wideband
Cql
codeword
1

Wideband
first PMI
i1,1-1

ﬂ 0g,(N,O; ﬂ

ﬂ OgZ(Nlolﬂ

]

]

Wideband
first PMI
i1,2-1

|_| 0g,(N,0, )-‘

’_l 0g,(N,0, )-|

ﬂng ( Nzoz)—l

ﬂng ( Nzoz)—l

Wideband
first PMI
i1,1-2

[log,(L) |

[log,(L) ]

Wideband
first PMI
i1,2-2

[log,(L,) ]

[log,(L,) ]

Wideband
first PMI
i1,p-2

Subband
second
PMI i2

6N

12N

Field

Bit width

Rank =5

Rank = 6

Rank =7

Rank =8

Wideband
cQl
codeword
0

Wideband
Cql
codeword
1

Wideband
first PMI
i1,1-1

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

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

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

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

Wideband
first PMI
i1,2-1

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

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

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

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

Wideband
first PMI
i1,1-2

Wideband
first PMI
i1,2-2

Wideband
first PMI
i1,p-2

Subband
second
PMI i2

ETSI




3GPP TS 36.212 version 14.4.0 Release 14

49

ETSI TS 136 212 V14.4.0 (2017-10)

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

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

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

Field

Bit width

Rank =1

Rank =2

Rank =3

Rank =4

Wideban
d CcQl
codeword
0

Wideban
d CQl
codeword
1

Wideban
d first
PMIi1,1-
1

|_| 002 (Nlol)-‘

|_| 002 (Nlol)-‘

Pogz[molx(%f—m
S 8

m Pog{Né? IX[2+L9—8N2

)

Wideban
d first
PMI i1,2-
1

|_| 0g,(N,0, )-‘

’_I 0g,(N,0, )-|

N,O
Iogz( 22
Sz

)

w2

Wideban
d first
PMIi1,1-
2

[log, (L) ]

[log,(L) ]

Wideban
d first
PMIi1,2-
2

[log,(L,) ]

[log,(L,) ]

Wideban
d first
PMI i1,p-
2

Subband
second
PMI i2

6N

12N

4N

3N

Field

Bit width

Rank =5

Rank =6

Rank =7

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

oy, | [108:(NO/S)] [[10g, (NO,/S)][ [log, (NO/S)] [log, (NO,/S)]
1
Wideban

oG4St | Tog, (N,0,/5,)][0g, (N,0,/S,)] [0, (N,0,/S,)] | [log,(N,0,/S,)]
1
Wideban
d first
PMIi1,1-
2
Wideban
d first
PMIi1,2-
2
Wideban
d first
PMI i1,p-
2
Subband
second 0 0 0 0
PMI i2

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

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

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

Table 5.2.2.6.1-1F shows the fields and the corresponding bit width for the channel quality information feedback for
higher layer configured report for PDSCH transmissions associated with transmission mode 1, transmission mode 2,
transmission mode 3, transmission mode 7, transmission mode 8 configured without PMI/RI reporting, transmission
mode 9 configured without PMI/RI reporting or configured with 1 antenna port, and transmission mode 10 configured
without PMI/RI reporting or configured with 1 antenna port.
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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, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and
eMIMO-Type2 is set to ‘ CLASS B’ with 2/4/8 antenna ports without PMI reporting.

Table 5.2.2.6.1-1F: 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, and transmission mode 9/10
configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 is set to
‘CLASS B’ with 2/4/8 antenna ports without PMI reporting)

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, transmission mode 9/10 configured with PMI/RI reporting
with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS B’ with K>1,
and K=1 except with alter nativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with
higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with
2/4/8 antenna ports 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].

Table5.2.2.6.1-1J1 and Table 5.2.2.6.1-1J-2 show the fields and the corresponding bit widths for the channel quality
information feedback for higher layer configured report for PDSCH transmissions associated with transmission mode
9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and higher layer parameter eMIMO-
Type, and eMIMO-Typeisset to ‘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, and transmission mode 9/10 configured
with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 2/4/8 antenna ports and higher layer parameter alternativeCodebookEnabledCLASSB K1=TRUE.

Table5.2.2.6.1-1K-1 and Table Table 5.2.2.6.1-1K-2 show the fields and the corresponding bit widths for channel
quality information feedback for higher layer configured report for PDSCH transmission associated with transmission
mode 9/10 configured with higher layer parameters semi OpenLoop and eMIMO-Type, and eMIMO-Typeis set to
‘CLASS B’ with 2/4/8 antenna ports except with alternativeCodebookEnabledCLASSB K1=TRUE.

Table5.2.2.6.1-1K-3 and Table 5.2.2.6.1-1K-4 show the fields and the corresponding bit widths for channel quality
information feedback for higher layer configured report for PDSCH transmission associated with transmission mode
9/10 configured with higher layer parameters semi OpenLoop and eMIMO-Type, and eMIMO-Typeisset to ‘CLASS A’
with codebook configuration (N;,N,,Q,Q,).
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For Table 5.2.2.6.1-1H, Table 5.2.2.6.1-1I, Table 5.2.2.6.1-1J, Table 5.2.2.6.1-1J-1, Table 5.2.2.6.1-1J-2 and Table
5.2.2.6.1-13-3, N isdefinedin section 7.2 of [3]. For Table 5.2.2.6.1-1J 1, Table 5.2.2.6.1-1J-2, Table 5.2.2.6.1-1K-3,

Table5.2.2.6.1-1K-4 and Table 5.2.2.6.1-1K-5, the codebook configuration (N, N,,0;,0,) isdefined in [3], and

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

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

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

O, O
(S..S,)= (Zl ’72] for CodebookConfig=2/3/4.

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

Bit width
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank > 1
Wide-band CQI codeword 0O 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, 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, and
transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and
eMIMO-Type2 configured with PMI/RI reporting with 8 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE)

Field Bitwidth
Rank =1 | Rank =2 [ Rank =3 | Rank = 4
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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 i1 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, 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, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 4 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE, with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

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

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

Bit width
Rank =3

Field

Wideband

CQl
codeword 4 4 4 4
0

Wideband
CQl 0 4 4 4

Rank =1 Rank =2 Rank =4

codeword
1
Wideband

first PMI
i1,1

|_| 0g,(N;O; )-‘

|_| 0g,(N;O; )-‘

)

)

Wideband
first PMI
i1,2

ﬂ 0, (N,0, ﬂ

ﬂ 0, (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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Wideband
CQl
codeword
0

Wideband
cQl
codeword
1

Wideband
first PMI
i1,1

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

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

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

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

Wideband
first PMI
i1,2

[l0g, (N,0,/S,)]

[l0g, (N,0,/S,)]

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

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

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,Q) and CodebookConfig=2/3/4)

Field Bit width
Rank =1 Rank =2 Rank =3 Rank =4
Wideband
CQI codeword 4 4 4 4
0
Wideband
CQI codeword 0 4 4 4
1
Wideband fi N,O, 9-N, N0, 9-N,
deband 15t | [10g,(N,G,/2)] | [Tog,(NO,2)T | 1o M2x{e| 5% | || o %20z )|
Wideband fi N,O N,O
el | [iog,(N.0,12)] | Mlog,(N0,12]] | |1on, 2] o[ M2
Wideband
second PMI i2 4 4 4 3
] Bit width
lee Rank =5 Rank = 6 Rank =7 Rank =8
Wideband
CQI codeword 4 4 4 4
0
Wideband
CQI codeword 4 4 4 4
1
Witeband st | [1og, (N0,/8)] |[log, (NO,/S)]|  [log,(NO/S)] | [log, (NO/S)]
ideband fi
Widebard st [ Tlog, (N,0,/S,)] [[log (N.0,/S,)] [log,(N.0,/S,)] | [log,(N.0,/S,)]
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,
and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2,

and eMIMO-Type2 configured with PMI/RI reporting with 2/4/8 antenna ports and higher layer

parameter alternativeCodebookEnabledCLASSB_K1=TRUE)

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

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

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

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

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

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

CodebookConfig=1)

Field Bit width
Rank =1 Rank =2
Wideband CQI codeword 0 4 4
Wideband CQI codeword 1 0 4
Wideband first Pmi 1,1 | | log,(N,O,)] {[log,(N,0,)]
Wideband firstPMIi1,2 | [10g,(N,O,)] |[log,(N,O,)]
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Table 5.2.2.6.1-1K-4: Fields for channel quality information feedback for wideband CQI reports
(transmission mode 9/10 configured with higher layer parameters semiOpenLoop and eMIMO-Type,
and eMIMO-Type is set to ‘CLASS A’ with codebook configuration (N,N,Q,0) and

CodebookConfig=2/3/4)

) Bit width
Field Rank =1 Rank =2
Wideband CQI codeword 0 4 4
Wideband CQI codeword 1 0 4

Wideband first PMi 1,1 | [log,(N,0,/2)] |[log,(N,0,/2)]
Wideband first Pmi 1,2 | [log,(N,O,/2)] |[10g,(N,O,/2)]

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

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

Bit width
Field Max 1 or 2 layers Max 4 or 8 layers
Rank =1 Rank =1 Rank =3
Wideband
first PMI [log,(N,0,/S))] [log,(N,0,/S))] ’7|092[ NGy X(Z%Q_NZBN
i1,1 S 8
Wideband
ﬁrs';_F;Ml |7|092(N202/Sz)—| |V|ng(N202/Sz)—| |7|092(N202/Sz)—|
11,

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

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

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

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

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

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

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

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

eMIMO-Type)
. Bit width
Al K=2 K=3 and K=4 K=5 to K=8
CRI 1 2
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Table 5.2.2.6.1-2B: Fields for joint CRI and RI feedback for wideband CQI reports (transmission mode
9/10 configured without PMI reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is
set to ‘CLASS B’ with K>1 except with higher layer parameter csi-RS-NZP-mode configured, and
transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter eMIMO-Type,
and eMIMO-Type is set to ‘CLASS B’ with K>1 CSI-RS resources and >1 ports for at least one CSI-RS
resource except with higher layer parameter csi-RS-NZP-mode configured)

Bit width
. 4 antenna ports 8 antenna ports
Al 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 5.2.2.6.1-2C: Fields for CRI feedback for wideband CQI reports
(transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter csi-RS-NZP-
mode is set to ‘multi-shot’ with activatedResources>1 and 1 port per activated CSI-RS resource)

) Bit width
FIEld =2 N=3andN=4
CRI 1 2

Table 5.2.2.6.1-2D: Fields for joint CRI and RI feedback for wideband CQI reports (transmission mode
9/10 configured without PMI reporting and higher layer parameter csi-RS-NZP-mode is set to ‘multi-
shot’ with activatedResources>1 and more than one ports for at least one activated CSI-RS resource,
and transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter csi-RS-
NZP-mode is set to ‘multi-shot’ with activatedResources>1 and >1 ports for at least one activated
CSI-RS resource)

Bit width
" 4 antenna ports 8 antenna ports
el 2 anot:etrsma Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
P layers layers layers layers layers
CRI [log,(N)| | [log,(N)| | [log,(N)| | [log,(N)| | [log,(N)| | [log,(N)]
_ Rank 1 1 2 1 2 3
indication

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

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

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, Table 5.2.2.6.1-1B-1, Table
5.2.2.6.1-1B-2, Table 5.2.2.6.1-1C, Table 5.2.2.6.1-1D, Table 5.2.2.6.1-1D-1, Table 5.2.2.6.1-1D-2, Table 5.2.2.6.1-1E,
Table5.2.2.6.1-1F, Table 5.2.2.6.1-1G, Table5.2.2.6.1-1H, Table 5.2.2.6.1-1I, Table 5.2.2.6.1-1J, Table 5.2.2.6.1-13-1,
Table5.2.2.6.1-13-2 Table 5.2.2.6.1-1J-3, Table 5.2.2.6.1-1K-1, Table5.2.2.6.1-1K-2, Table 5.2.2.6.1-1K-3, Table
5.2.2.6.1-1K-4, Table 5.2.2.6.1-2B, and Table 5.2.2.6.1-2D, form the bit sequence 0,,0;,0,,...,05_; With 0,

corresponding to the first bit of the first field in the table, 0, corresponding to the second bit of the first field in the
table, and o,_; corresponding to the last bit in the last field in the table. The field of PMI shall be in the increasing

order of the subband index [3]. The first bit of each field correspondsto MSB and the last bit LSB. The RI bits sequence
inTable5.2.2.6.1-2, Table 5.2.2.6.1-2B, Table 5.2.2.6.1-2D, Table 5.2.2.6.1-2E and the CRI sequencein Table
5.2.2.6.1-2A, Table 5.2.2.6.1-2C are encoded according to section 5.2.2.6.
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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.

For transmission mode 9/10 configured with Class B CSI reporting and K>1 and with activatedResources>1, the
number of antennaport in Table 5.2.2.6.1-2D refers to the maximum number of antenna ports of N CSI-RS resources
activated for the CSI-process for the UE. N isthe value of higher layer parameter activatedResources.

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 section 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-Typeis set to ‘CLASS B’ with 2/4/8 antenna
ports, transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-
Type2 isset to ‘CLASS B’ without PMI reporting with 2/4/8 antenna ports, and transmission mode 9/10 configured
with PMI/RI reporting and higher layer parameters semiOpenLoop and eMIMO-Type, and eMIMO-Typeis set to
‘CLASS B’ with 2/4 antenna ports except with alter nativeCodebookEnabledCLASSB_K1=TRUE or
alternativeCodeBookEnabledFor4TX-r12=TRUE.

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

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

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

Table5.2.2.6.2-2, Table 5.2.2.6.2-2A and Table 5.2.2.6.2-2B show the fields and the corresponding bit widths for the
channel quality information feedback for higher layer configured report for PDSCH transmissions associated with
transmission mode 4, transmission mode 5, transmission mode 6, transmission mode 8 configured with PMI/RI
reporting, transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports except with
advancedCodebookEnabled=TRUE, transmission mode 10 configured with PMI/RI reporting with 2/4/8 antenna ports
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except with advancedCodebookEnabled=TRUE, transmission mode 9/10 configured with PMI/RI reporting with 2/4/8
antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS B’ with K>1, and K=1
except with alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 2/4/8
antenna ports except with alter nativeCodebookEnabledCLASSB K1=TRUE. The number of configured CSI-RS
resourcesin a CSl process K is defined in [3] and alternativeCodebookEnabledCLASSB K1 is configured by higher
layers[6].

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

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

Table5.2.2.6.2-2B-4 shows the fields and the corresponding bit widths for the channel quality information feedback for
higher layer configured report for PDSCH transmissions associated with transmission mode 9/10 configured with
PMI/RI reporting with 4/8 antenna ports and higher layer parameters semi OpenLoop and eMIMO-Type, and eMIMO-
Typeissetto ‘CLASS B’ without alter nativeCodebookEnabledCLASSB K1=TRUE, with
alternativeCodebookEnabledCLASSB_K1=TRUE.

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

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

Table5.2.2.6.2-2B-9 and Table 5.2.2.6.2-2B-10 show the fields and the corresponding bit widths for the channel quality
information feedback for higher layer configured report for PDSCH transmissions associated with transmission mode
9/10 configured with PMI/RI reporting with 8/12/16 /20/24/28/32 antenna ports and higher layer parameters
advancedCodebookEnabled and eMIMO-Type, and eMIMO-Typeisset to ‘CLASS A’ and advancedCodebookEnabled
=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, Table
5.2.2.6.2-2B-3, Table 5.2.2.6.2-2B-4, Table 5.2.2.6.2-2B-5, Table 5.2.2.6.2-2B-6, Table 5.2.2.6.2-2B-7, Table 5.2.2.6.2-
2B-8, Table 5.2.2.6.2-2B-9 and Table 5.2.2.6.2-2B-10, N isdefined in section 7.2 of [3]. For Table 5.2.2.6.2-2B-1,
Table5.2.2.6.2-2B-2, Table 5.2.2.6.2-2B-5, Table 5.2.2.6.2-2B-6, Table5.2.2.6.2-2B-8, Table 5.2.2.6.2-2B-9 and Table

5.2.2.6.2-2B-10, the codebook configuration (N,,N,,O,,0,) 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,

o O 0
(S..S,)= (71 72] for CodebookConfig=2, (S,, S, )= (01,72] for CodebookConfig=3,

@)
(S..S,)= (Ol , TZJ for CodebookConfig=4. The parameters (S;, S, ) in rank 5 to 8 are defined as

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

(L,,L,) aredefinedas L, = min{4,N,} and L, =2 for N;> N, and N, #1, L, =2 and L, = min{4,N, }
for N;< N, and N, #1, L, =min{8,N,} and L, =1 for N, =1.
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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 or advancedCodebookEnabled=TRUE, transmission
mode 10 configured with PMI/RI reporting with 2/4 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE or advancedCodebookEnabled=TRUE, transmission
mode 9/10 configured with PMI/RI reporting with 2/4 antenna ports and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K>1, and K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE, except with alternativeCodeBookEnabledFor4TX-
r12=TRUE, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 2/4 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE or alternativeCodeBookEnabledFor4TX-r12=TRUE)

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

Wide-band CQI codeword 0O 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
except with advancedCodebookEnabled=TRUE, transmission mode 10 configured with PMI/RI
reporting with 8 antenna ports except with advancedCodebookEnabled=TRUE, transmission mode
9/10 configured with PMI/RI reporting with 8 antenna ports and higher layer parameter eMIMO-Type,
and eMIMO-Type is set to ‘CLASS B’ with K>1, and K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 8 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE)

Field Bitwidth
Rank =1 | Rank=2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMI 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
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
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Table 5.2.2.6.2-2B: Fields for channel quality information feedback for higher layer configured
subband CQI reports with 4 antenna ports (transmission modes 8, 9 and 10 configured with PMI/RI
reporting, 4 antenna ports and alternativeCodeBookEnabledFor4TX-r12=TRUE except with
advancedCodebookEnabled=TRUE, transmission mode 9/10 configured with PMI/RI reporting with 4
antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with
K>1, and K=1 except with alternativeCodebookEnabledCLASSB_K1=TRUE, with
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 4 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE, with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Field Bitwidth

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

CodebookConfig=1, except with advancedCodebookEnabled=TRUE)

Field

Bit width

Rank =1

Rank =2

Rank =3

Rank =4

Wideband
CQl
codeword
0

Subband
differential
CQl
codeword
0

2N

2N

2N

2N

Wideband
CQl
codeword
1

Subband
differential
CQl
codeword
1

2N

2N

2N

Wideband
first PMI
i1,1

ﬂ 0g,(N,O; ﬂ

ﬂ 0g,(N,O; ﬂ

RSy

)

Wideband
first PMI
i1,2

|_| 0g,(N,0, )-‘

|_| 0g,(N,0, )-‘

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

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

Wideband
second
PMI i2

Field

Bit width

Rank =5

Rank =6

Rank =7

Rank =8

Wideband
cQl
codeword
0

Subband
differential
CQl
codeword
0

2N

2N

2N

2N

Wideband
CQl
codeword
1

Subband
differential
CQl
codeword
1

2N

2N

2N

2N

Wideband
first PMI
i1,1

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

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

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

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

Wideband
first PMI
i1,2

[l0g, (N,0,/S,)]

[l0g, (N,0,/S,)]

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

[l0g, (N,0,/S,)]

Wideband
second
PMI i2
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Table 5.2.2.6.2-2B-2: Fields for channel quality information feedback for higher layer configured
subband CQI reports (transmission mode 9/10 configured with higher layer parameter eMIMO-Type,
and eMIMO-Type is set to ‘CLASS A’ with codebook configuration (N,N, Q,0) and

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

Field Bit width
Rank =1 Rank =2 Rank =3 Rank =4
Wideband CQI
codeword 0 4 4 4 4
Subband
differential CQI 2N 2N 2N ON
codeword 0
Wideband CQI
codeword 1 0 4 4 4
Subband
differential CQI 0 2N 2N 2N
codeword 1
Wideband first N;O 9-N N;O 9-N
PMIi1,1 [10g5(N1O,/2)] [1og,(N;01 /2)] ('ng[ 5 X[zﬂ 8 sz LOQZ[ 5 X(Zﬂ 8 sz
Wideband first N,O N.O
PMI i1,2 |7I092(N202/2)—| |7|092(N202 /2)—| lon[ éz Zj—‘ ’7|ng[ ;Z 2
Wideband
second PMI i2 4 4 4 3
. Bit width
Fele Rank =5 Rank = 6 Rank =7 Rank =8
Wideband CQI
codeword 0 4 4 4 4
Subband
differential CQI 2N 2N 2N oN
codeword 0
Wideband CQI
codeword 1 4 4 4 4
Subband
differential CQI 2N 2N 2N 2N
codeword 1
Wideband first
PMI Il,l ’_logz(Nlol/Sl)—| |_|092(N101/§)—| ’_|092(N101/Sl)—| |_|092(N101/§)—|
Wideband first
etz | 1109:(N.O,/S,)] [[1og,(N,O,/S,)]|  [log,(N,O,/S,)] [log, (N,0,/S,)]
Wideband
second PMI i2 0 0 0 0
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Table 5.2.2.6.2-2B-3: Fields for channel quality information feedback for higher layer configured
subband CQI reports (transmission mode 9/10 configured with higher layer parameter eMIMO-Type,
and eMIMO-Type is set to ‘CLASS B’ with 2/4/8 antenna ports with K=1 and
alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with
higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with 2/4/8
antenna ports and higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE)

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

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

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

Table 5.2.2.6.2-2B-5: Fields for channel quality information feedback for higher layer configured
subband CQI reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer
parameters semiOpenLoop and eMIMO-Type, and eMIMO-Type is set to ‘CLASS A’ with codebook
configuration (N,N,,Q,Q) and CodebookConfig=1)

. Bit width
Ak Rank =1 Rank =2
Wideband CQI codeword 0 4 4
Subband differential CQI codeword 0 2N 2N
Wideband CQI codeword 1 0 4
Subband differential CQI codeword 1 2N
Wideband first PMI i1,1 ﬂog2 N,O,)| |[log,(N,O,)]
Wideband first PMI i1,2 [log,(N,O,)] |[log,(N,O,)]
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Table 5.2.2.6.2-2B-6: Fields for channel quality information feedback for higher layer configured
subband CQI reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer
parameters semiOpenLoop and eMIMO-Type, and eMIMO-Type is set to ‘CLASS A’ with codebook
configuration (N, N, Q,Q) and CodebookConfig=2/3/4)

. Bit width
Al Rank =1 Rank =2

Wideband CQI codeword 0 4 4

Subband differential CQI codeword O 2N 2N

Wideband CQI codeword 1 0 4

Subband differential CQI codeword 1 0 2N
Wideband first PMI i1,1 [1og,(N,0,/2)| [[1og,(N,0,/2)]
Wideband first PMI i1,2 [10g,(N,0,/2)] |[10g,(N,O,/2)]

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

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

Bitwidth
el Rank =1 Rank =2 R:ar;k R:ank
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMI i1,1-1 [log,(N,O)] | [log,(N,O) ]| 2 | 2
Wideband first PMI i1,2-1 0 0 0 0
Wideband first PMI i1,1-2 |_I ogz(Ll)—\ |_I ogz(Ll)—\ 0 0
Wideband first PMI i1,2-2 0 0 0 0
Wideband first PMI i1,p-2 2 2 0 0
Wideband second PMI i2 6 12 4 3
Bitwidth
Az Rank =5 Rank =6 R:ar;k R:ar;k

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

Bit width

Rank =1

Rank =2

Rank =3

Rank =4

Wideband
cQl
codeword
0

Subband
differential
Cql
codeword
0

2N

2N

2N

2N

Wideband
cQl
codeword
1

Subband
differential
cQl
codeword
1

2N

2N

2N

Wideband
first PMI
i1,1-1

’_l OgZ(Nlolﬂ

|_| 0g,(N;O; )-‘

)

ol 252

Wideband
first PMI
i1,2-1

ﬂ 0, (N,0, ﬂ

ﬂ 0g,(N,0, ﬂ

|7|ng ( Nzoz / Sz)—|

|7|092 ( Nzoz / Sz)—|

Wideband
first PMI
i1,1-2

[log,(L,) ]

[log,(L,) |

Wideband
first PMI
i1,2-2

[log,(L,) ]

[log,(L,) ]

Wideband
first PMI
i1,p-2

Wideband
second
PMI i2

12

Field

Bit width

Rank =5

Rank =6

Rank =7

Rank =8

Wideband
CQl
codeword
0

Subband
differential
CQl
codeword
0

2N

2N

2N

2N

Wideband
Cql
codeword
1

Subband
differential
CQl
codeword
1

2N

2N

2N

2N

Wideband
first PMI
i1,1-1

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

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

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

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

Wideband
first PMI
i1,2-1

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

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

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

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

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

Bit width

Rank =1

Rank =2

Rank =3

Rank =4

Wideband
cQl
codeword
0

Subband
differential
CQl
codeword
0

2N

2N

2N

2N

Wideband
cQl
codeword
1

Subband
differential
cQl
codeword
1

2N

2N

2N

Wideband
first PMI
i1,1-1

’_l OgZ(Nlolﬂ

’_l OgZ(Nlolﬂ

)

)

Wideband
first PMI
i1,2-1

ﬂ 0g,(N,0, ﬂ

ﬂ 0g,(N,0, ﬂ

|7|ng ( Nzoz / Sz)—|

|7|ng ( Nzoz / Sz)—|

Wideband
first PMI
i1,1-2

[log,(L,) |

[log,(L,) ]

Wideband
first PMI
i1,2-2

[log,(L,) ]

[log,(L,) ]

Wideband
first PMI
i1,p-2

Wideband
second
PMI i2

12

Field

Bit width

Rank =5

Rank =6

Rank =7

Rank =8

Wideband
CQl
codeword
0

Subband
differential
CQl
codeword
0

2N

2N

2N

2N

Wideband
CQl
codeword
1

Subband
differential
CQl
codeword
1

2N

2N

2N

2N

Wideband
first PMI
i1,1-1

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

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

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

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

Wideband
first PMI
i1,2-1

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

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

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

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

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

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

Wideband
second 0 0 0 0
PMI i2

Table5.2.2.6.2-2C, Table 5.2.2.6.2-2D and Table 5.2.2.6.2-2E show the fields and the corresponding bit widths for the
channel quality information feedback for higher layer configured report for PDSCH transmissions associated with
transmission mode 4, transmission mode 6, transmission mode 8 configured with subband PMI/RI reporting,
transmission mode 9 configured with subband PMI/RI reporting with 2/4/8 antenna ports except with
advancedCodebookEnabled=TRUE, transmission mode 10 configured with subband PMI/RI reporting with 2/4/8
antenna ports except with advancedCodebookEnabled=TRUE, transmission mode 9/10 configured with subband
PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to
‘CLASS B’ with K>1 and K=1 except with alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode
9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with
subband PMI/RI reporting with 2/4/8 antenna ports except with alter nativeCodebookEnabledCLASSB K1=TRUE. The
number of configured CSI-RS resourcesin a CSl processK isdefined in [3] and
alternativeCodebookEnabledCLASSB_K1 is configured by higher layers [6].

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

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, and transmission mode 9/10 configured
with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with subband PMI/RI
reporting with 2/4/8 antenna ports and higher layer parameter alternativeCodebookEnabledCLASSB K1=TRUE.

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

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

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, Table
5.2.2.6.2-2E-3, Table 5.2.2.6.2-2E-4, Table 5.2.2.6.2-2E-5, Table 5.2.2.6.2-2E-6 and Table 5.2.2.6.2-2E-7, N is
defined in section 7.2 of [3]. For Table 5.2.2.6.2-2E-1, Table 5.2.2.6.2-2E-2, Table 5.2.2.6.2-2E-5, Table 5.2.2.6.2-2E-

6, Table 5.2.2.6.2-2E-7 and Table 5.2.2.6.2-2E-8, the codebook configuration (N,,N,,O,,0,) isdefinedin[3], and

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

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

@ O
CodebookConfig=2, (S,, S, )= (Ol , 72] for CodebookConfig=3, (S, S, )= (Ol , sz for CodebookConfig=4.

The parameters (S;,'S, ) inrank 5 to 8 are defined as (S;, S, )= (1, 1) for CodebookConfig=1,
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(S.,S,)= [% ,%) for CodebookConfig=2/3/4. The parameters (L, L, ) are defined as L, = min{4, N, } and

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

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

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

Wide-band CQI codeword 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 AN 4N AN 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 except with advancedCodebookEnabled=TRUE, transmission mode 10
configured with subband PMI reporting except with advancedCodebookEnabled=TRUE, transmission
mode 9/10 configured with subband PMI/RI reporting and higher layer parameter eMIMO-Type, and
eMIMO-Type is set to ‘CLASS B’ with K>1, and K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with subband PMI/RI
reporting with 8 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE)

Field Bitwidth
Rank =1 | Rank=2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMI i1 4 4 2 2
Subband second PMI i2 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
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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, except with advancedCodebookEnabled=TRUE, transmission mode 9/10 configured with
subband PMI/RI reporting with 2/4 antenna ports and higher layer parameter eMIMO-Type, and
eMIMO-Type is set to ‘CLASS B’ with K>1, and K=1 with except with
alternativeCodebookEnabledCLASSB_K1=TRUE, with alternativeCodeBookEnabledFor4TX-
r12=TRUE, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 configured with subband PMI/RI reporting with 4 antenna ports
except with alternativeCodebookEnabledCLASSB_K1=TRUE, with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Field Bitwidth

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

Field Bitwidth
Rank =1 Rank =2 Rank =3 Rank =4
Wideband CQI
codeword 0 4 4 4 4
Subband
differential CQI 2N 2N 2N 2N
codeword 0
Wideband CQI
codeword 1 0 4 4 4
Subband
differential CQI 0 2N 2N 2N
codeword 1
Wideband first N, 0, 9-N N,O. 9-N
PMI i1,1 [logo(N,Oy)] | [log,(N,Gy )] ('Og{ 5 X[zﬂsﬂm (IOQ{ 5 X[zﬂszﬂﬂ
Wideband first
v Ml0g,(N,0,)] | [l0g,(N,0,)] [1og, (N,0,)] [1og, (N,0,)]
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
it | [og,(N0,/S)T [[log, (NO/S)T| o, (NO,/S)] [10g, (N.O,/S)]
ot | Tog,(N.O,/S)] |[10g,(N.O,/S)]|  [log,(N.O,/S,)] [109,(N.0,/S,)]
Subband
second PMI i2 0 0 0 0
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Table 5.2.2.6.2-2E-2: Fields for channel quality information feedback for higher layer configured

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

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

Field

Bitwidth

Rank =1

Rank =2

Rank =3

Rank =4

Wideband
CQl
codeword
0

Subband
differential
CQl
codeword
0

2N

2N

2N

2N

Wideband
CQl
codeword
1

Subband
differential
Cql
codeword
1

2N

2N

2N

Wideband
first PMI
i1,1

ﬂ 0g,(N,O; / Zﬂ

ﬂ 0g,(N,O; / 2)1

o (e

o2

Wideband
first PMI
i1,2

’_|092(N202 / 2)-|

|_|092(N202 / 2)-|

(2]

(2]

Subband
second
PMI i2

4N

4N

4N

3N

Field

Bitwidth

Rank =5

Rank =6

Rank =7

Rank =8

Wideband
CQl
codeword
0

Subband
differential
Cql
codeword
0

2N

2N

2N

2N

Wideband
CQl
codeword
1

Subband
differential
Cql
codeword
1

2N

2N

2N

2N

Wideband
first PMI
i1,1

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

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

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

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

Wideband
first PMI
i1,2

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

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

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

[log, (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, and transmission mode 9/10 configured with
higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with 2/4/8
antenna ports and higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE)

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

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

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

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

Field Bitwidth
Rank =1 Rank =2 Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2N 2N 2N 2N
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2N 2N 2N
Wideband first PMI i1,1-1 |_I ogz(NlOl)—\ ]_I ogz(Nlol)—| 2 2
Wideband first PMI i1,2-1 0 0 0 0
Wideband first PMI i1,1-2 ]_I ogz(Ll)—| |_I ogz(Ll)—\ 0 0
Wideband first PMI i1,2-2 0 0 0 0
Wideband first PMI i1,p-2 2 2 0 0
Subband second PMI i2 6N 12N 4N 3N
) Bitwidth
Field Rank =5 Rank =6 Rank =7 | Rank =8

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

CodebookConfig=1)

Field Bitwidth
Rank =1 Rank =2 Rank =3 Rank =4
Wideband CQI
codeword 0 4 4 4 4
Subband
differential CQI 2N 2N 2N 2N
codeword 0
Wideband CQI
codeword 1 0 4 4 4
Subband
differential CQI 0 2N 2N 2N
codeword 1
Wideband first N, 0, 9-N N,0. 9-N
PMI iL.1-1 ﬂogz(NlOlﬂ ﬂogz(NlOlﬂ Pog{ ;11 x[zﬂ . ZJM Pog{ ;11 x[zJ{ - sz
Wideband first
PMI i1,2-1 |—|092(N202)-‘ ’—|092(N202)-| [|092(N202)—‘ [|092(N202)—‘
Wideband first
PMI i1,1-2 |_| OgZ(Ll)—‘ ’_|Og2(|_1)—| 0 0
Wideband first
oA 2.5 [log,(L,) | [log,(L,) | 0 0
Wideband first
PMI i1,p-2 2 2 0 0
Subband
second PMI i2 6N 12N N N
Field Bitwidth
Rank =5 Rank =6 Rank =7 Rank =8
Wideband CQI
codeword 0 4 4 4 4
Subband
differential CQI 2N 2N 2N 2N
codeword 0
Wideband CQI
codeword 1 4 4 4 4
Subband
differential CQI 2N 2N 2N 2N
codeword 1
WE&??{‘?_ﬁlrSt [log,(N,O,/S)]| |[log,(N,O,/S)] [log,(N,O,/S) | [log,(N,O,/S)|
o™ | No,(NO,/S)] |[log,(NO,/S)]|  [l0g,(NO,/S)] [0g, (N.O,/S,)]
Wideband first
PMIi1,1-2 0 0 0 0
Wideband first
PMI i1,2-2 0 0 0 0
Wideband first
PMI i1,p-2 0 0 0 0
Subband
second PMI i2 0 0 0 0
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Table 5.2.2.6.2-2E-7: Fields for channel quality information feedback for higher layer configured
subband CQI and subband PMI reports (transmission mode 9/10 configured with higher layer
parameters advancedCodebookEnabled and eMIMO-Type, and advancedCodebookEnabled= TRUE
and eMIMO-Type is set to ‘CLASS A’ with codebook configuration (N,N, Q,0) and

CodebookConfig=2/3/4)

Field Bitwidth
Rank =1 Rank =2 Rank =3 Rank =4
Wideband CQI
codeword 0 4 4 4 4
Subband
differential CQI 2N 2N 2N 2N
codeword 0
Wideband CQI
codeword 1 0 4 4 4
Subband
differential CQI 0 2N 2N 2N
codeword 1
Wideband first N, 0, 9-N N,0. 9-N
PMI i1,1-1 |7|092(Nlol)—| |7|092(Nlol)—| (IOQZ{ éllx[z*L s ZJJN (IOQZ{ éllx[erL s ZJJN
Wideband first N,O, N,O,
PMI i1,2-1 [10g,(N;0,)] | [10g,(N,O,)] POQZ[ S ﬂ {'092( s
Wideband first
PMI i1,1-2 [log, (L) | [log, (L) | 0 0
Wideband first
oo 1 logy(L) ] | [logy(Ly)] 0 0
Wideband first
PMI i1,p-2 2 2 0 0
Subband
second PMI i2 6N 12N 4N 3N
Field Bitwidth
Rank =5 Rank =6 Rank =7 Rank =8
Wideband CQI
codeword 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
Wideband first
| Tlog, (N0,/S)T [[Tog, (NG, /S)] [log,(N,0,/S)] [log,(N,O,/S)]
Vo | N10g,(NO,/S)] |log, (NO,/S)]|  [log,(N.O,/S)] [log, (N.0,/S,)]
Wideband first
PMI i1,1-2 0 0 0 0
Wideband first
PMI i1,2-2 0 0 0 0
Wideband first
PMI i1,p-2 0 0 0 0
Subband
second PMI i2 0 0 0 0

Table 5.2.2.6.2-2E-8 shows the fields and the corresponding bit widths for i1 for higher layer configured subband CQI
reports for PDSCH transmissions associated with transmission mode 9/10 configured with higher layer parameter

eMIMO-Type and eMIMO-Type2, and eMIMO-Typeisset to ‘CLASS A’ with 8/12/16/20/24/28/32 antenna ports and
eMIMO-Type2 is set to ‘CLASS B’, whereilis associated with Class A.
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Table 5.2.2.6.2-2E-8: Fields for il feedback (transmission mode 9/10 configured with higher layer
parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type is set to ‘CLASS A’ with codebook
configuration (N,N, Q,Q) , where i1 is associated with Class A)

Bit width
Field Max 1 or 2 layers Max 4 or 8 layers
Rank =1 Rank =1 Rank =3
Wideband
first PMI [log,(N,0,/S))] [log,(N,0,/S))] {IOQZ[MX(%F_NZDN
i1,1 S 8
Wideband
first F;Ml ﬂng(NzOz/Szﬂ (|ng(N202/Sz)-‘ ﬂng(NzOz/Szﬂ
i1,

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-Typeisset to ‘CLASS B’ with K=1, transmission mode 9/10 configured with PMI/RI reporting and higher
layer parameter csi-RS-NZP-mode is set to ‘ multi-shot’ with activatedResources=1 and more than one ports for the
activated CSI-RS resource, transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter csi-
RS-ConfigNZP-ApList and the higher layer parameter csi-RS-NZP-mode is set to ‘aperiodic’ and more than one ports for
the activated CSI-RS resource, transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 2/4/8 antenna ports and rank indication is
associated with eMIMO-Type2, transmission mode 9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32
antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeissetto ‘CLASS A’, and transmission mode
9/10 configured without PM1 reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’
with K=1 with 2/4/8 antenna ports, transmission mode 9/10 configured without PMI reporting and higher layer
parameter csi-RS-NZP-modeis set to ‘ multi-shot’” with activatedResources=1 and more than one ports for the activated
CSI-RS resource, transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter csi-RS-
ConfigNZP-ApList and the higher layer parameter csi-RS-NZP-mode is set to ‘aperiodic’ and more than one ports for the
activated CSI-RS resource, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 configured without PMI reporting with 2/4/8 antenna ports and rank indication is
associated with eMIMO-Type2.

Table 5.2.2.6.2-3A 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 except with higher layer parameter csi-RS-NZP-mode configured, and transmission mode
9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis setto ‘CLASS B’
with K>1, where CRI is associated with the eMIMO-Type.

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

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

Table 5.2.2.6.2-3D shows the fields and the corresponding bit width for the joint CRI and RI feedback for higher layer
configured subband CQI reports for PDSCH transmissions associated with transmission mode 9/10 configured without
PMI reporting and higher layer parameter csi-RS-NZP-mode is set to ‘ multi-shot’ and with activatedResources>1 and
more than one ports for at least one activated CSI-RS resource, and transmission mode 9/10 configured with PMI/RI
reporting and higher layer parameter csi-RS-NZP-mode is set to ‘multi-shot’ and with activatedResources>1 and more
than one ports for at least one activated CSI-RS resource. N is the value of higher layer parameter activatedResour ces.
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Table 5.2.2.6.2-3E shows the fields and the corresponding bit width for the rank indication feedback for higher layer
configured subband CQI reports for PDSCH transmissions associated with transmission mode 9/10 configured with
higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeissetto ‘CLASS A’ with
8/12/16/20/24/28/32 antenna ports and eMIMO-Type2 is set to ‘CLASS B’, where rank indication is associated with the
eMIMO-Type.

Table 5.2.2.6.2-3: Fields for rank indication feedback for higher layer configured subband CQI reports
(transmission mode 3, transmission mode 4, transmission mode 8 configured with PMI/RI reporting,
transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports, transmission mode

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

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

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

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

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

Table 5.2.2.6.2-3A: 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 except with higher layer
parameter csi-RS-NZP-mode configured, and transmission mode 9/10 configured with higher layer
parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type is set to ‘CLASS B’ with K>1, where CRI
is associated with the eMIMO-Type)

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

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

except with higher layer parameter csi-RS-NZP-mode configured)

Bit width
" 4 antenna ports 8 antenna ports
Field 2 anot:etr;na Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
P layers layers layers layers layers
CRI [log, (K)] [log,(K)| | [log,(K)] | Tlog,(K)] | [log,(K)] | [log,(K)]
_ Rank 1 1 2 1 2 3
indication
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Table 5.2.2.6.2-3C: Fields for CRI feedback for higher layer configured subband CQI reports
(transmission mode 9/10 configured with higher layer parameter csi-RS-NZP-mode set to ‘multi-shot’
and with activatedResources>1, and 1 antenna port per activated CSI-RS resource)

Bit width
=2 N=3and N=4
CRI 1 2

Field

Table 5.2.2.6.2-3D: Fields for joint CRI and RI feedback for higher layer configured subband CQI
reports (transmission mode 9/10 configured without PMI reporting and higher layer parameter csi-
RS-NZP-mode is set to ‘multi-shot’ and with activatedResources>1 and more than one ports for at
least one activated CSI-RS resource, and transmission mode 9/10 configured with PMI/RI reporting
and higher layer parameter csi-RS-NZP-mode is set to ‘multi-shot’ and with activatedResources>1

and more than one ports for at least one activated CSI-RS resource)

Bit width
. 4 antenna ports 8 antenna ports
Field 2 apnc:?tr;na Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
layers layers layers layers layers
CRI [log,(N)| | [log,(N)| | [log,(N)] | [log,(N)] | [log,(N)] | [log,(N)]
Rank
indication L L 2 L 2 3

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

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

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, Table5.2.2.6.2-2D, Table5.2.2.6.2-2E, Table 5.2.2.6.2-2B-1, Table 5.2.2.6.2-2B-2, Table 5.2.2.6.2-2B-3, Table
5.2.2.6.2-2B-4, Table 5.2.2.6.2-2B-5, Table 5.2.2.6.2-2B-6, Table 5.2.2.6.2-2B-7, Table 5.2.2.6.2-2B-8, Table 5.2.2.6.2-
2B-9, Table 5.2.2.6.2-2B-10, Table 5.2.2.6.2-2E-1, Table 5.2.2.6.2-2E-2, Table 5.2.2.6.2-2E-3, Table 5.2.2.6.2-2E-4,
Table5.2.2.6.2-2E-5, Table 5.2.2.6.2-2E-6, Table 5.2.2.6.2-2E-7, Table 5.2.2.6.2-3B, and Table 5.2.2.6.2-3D form the
bit sequence 0q,0;,0,,...,05_1 With 0y corresponding to the first bit of the first field in each of the tables, o,

corresponding to the second bit of the first field in each of the tables, and o5_; corresponding to the last bit in the last

field in each of the tables. The field of the PMI and subband differential CQI shall bein the increasing order of the
subband index [3]. Thefirst bit of each field correspondsto MSB and the last bit LSB. The RI bits sequence in Tables
5.2.2.6.2-3,5.2.2.6.2-3B, 5.2.2.6.2-3D, 5.2.2.6.2-3E and the CRI sequence in Tables 5.2.2.6.2-3A and 5.2.2.6.2-3C are
encoded according to section 5.2.2.6.

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

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

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
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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 section 7.2 of [3].

Table 5.2.2.6.3-1A shows the fields and the corresponding bit widths for the channel quality information feedback for
UE selected subband CQI for PDSCH transmissions associated with transmission mode 9/10 configured without PMI
reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’ with 2/4/8 antenna ports,
transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2
configured without PM| reporting 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 UES)

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, and transmission mode
9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2
configured without PMI reporting with 2/4/8 antenna ports)

Field Bit width
Rank =1 | Rank >1

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

—lolon|a
LV IENINES

Table5.2.2.6.3-2, Table 5.2.2.6.3-2A and Table 5.2.2.6.3-2B show the fields and the corresponding bit widths for the
channel quality information feedback for UE selected subband CQI for PDSCH transmissions associated with
transmission mode 4, transmission mode 6, transmission mode 8 configured with PMI/RI reporting, transmission mode
9 configured with PMI/RI reporting with 2/4/8 antenna port except with advancedCodebookEnabled=TRUE,
transmission mode 10 configured with PMI/RI reporting with 2/4/8 antenna ports except with
advancedCodebookEnabled=TRUE, and transmission mode 9/10 configured with PMI/RI reporting with 2/4/8 antenna
ports and higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS B’ with K>1 and K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher layer parameter
eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 2/4/8 antenna ports except
with alternativeCodebookEnabledCLASSB_K1=TRUE, where the number of configured CSI-RS resourcesin a CSl
process K is defined in [3] and alternativeCodebookEnabledCLASSB K1 is configured by higher layers[6].

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

Table 5.2.2.6.3-2E shows the fields and the corresponding bit widths for the channel quality information feedback for
UE selected subband CQI for PDSCH transmissions associated with transmission mode 9/10 configured with PMI/RI
reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS B’
with K=1 and alter nativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 2/4/8
antenna ports with alter nativeCodebookEnabledCLASSB_K1=TRUE.

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

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

For Teble 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, Tahle 5.2.2.6.3-
2E, Table5.2.2.6.3-2F, Table 5.2.2.6.3-2G, Table 5.2.2.6.3-2H and Table 5.2.2.6.3-2I, L isdefined in section 7.2 of
[3]. For Table 5.2.2.6.3-2C, Table 5.2.2.6.3-2D, Table 5.2.2.6.3-2G, Table 5.2.2.6.3-2H, Table 5.2.2.6.3-21 and Table

5.2.2.6.3-2J, the codebook configuration ( N;,N,, O, 02) is defined in [3], and CodebookConfig is configured by

higher layers [6]. The parameters (S;,S,) inrank 1 and rank 2 are defined as (S;, S, ) = (1, 1) for
CodebookConfig=1and (S,,'S,) = (2, 2) for CodebookConfig =2, 3 and 4. The parameters (S;, S, ) in rank 3 and 4

O, O
aredefined as (S;, S,)=(1,1) for CodebookConfig=1, (S,,S, )= (71 ,f} for CodebookConfig=2,

@) @)
(S..S,)= (Ol , 72J for CodebookConfig=3, (S,,S, )= (Ol , TZJ for CodebookConfig=4. The parameters

(S,,S,) inrank 5to 8 aredefined as (S;, S, )= (1, 1) for CodebookConfig=1, (S,,S, )= (7 ,—

CodebookConfig=2/3/4. The parameters (L, L, ) are defined as L, =min{4,N,} and L, = 2 for N, > N, and
N,#1, L, =2and L, =min{4,N,} for N, < N, and N, #1, L, =min{8 N,} and L, =1 for N, =1.

Table 5.2.2.6.3-2: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 4, transmission mode 6, transmission mode 8 configured with PMI/RI
reporting except with alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 9
configured with PMI/RI reporting with 2/4 antenna ports except with
alternativeCodeBookEnabledFord4TX-r12=TRUE or advancedCodebookEnabled=TRUE, transmission
mode 10 configured with PMI/RI reporting with 2/4 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE or advancedCodebookEnabled=TRUE, transmission
mode 9/10 configured with PMI/RI reporting with 2/4 antenna ports and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K>1, and K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE, except with alternativeCodeBookEnabledFor4TX-
r12=TRUE, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 2/4 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE)

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

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

Arjolonvs
N INIENINIES
olr|jolohvs
I D IENDNES

ETSI



3GPP TS 36.212 version 14.4.0 Release 14 87 ETSI TS 136 212 V14.4.0 (2017-10)

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

Bit width
Field
Rank = | Rank = | Rank= | Rank= | Rank = | Rank= | Rank = | Rank =
1 2 3 4 5 6 7 8
Wide-band CQI codeword 0 4 4 4 4 4 4 4 4
Subband differential CQI 2 > > > 2 2 2 2
codeword 0
Wide-band CQI codeword 1 0 4 4 4 4 4 4 4
Subband differential CQI
codeword 1 0 2 2 2 2 2 2 2
Position of the M selected
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

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

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

Field

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
Wideband first PMI il
Wideband second PMI i2
Subband second PMI i2

INNFN IN T ] I
INFNFNTLIINIFNIN IS
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Table 5.2.2.6.3-2C: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter eMIMO-
Type, and eMIMO-Type is set to ‘CLASS A’ with codebook configuration (N,N,,Q,0) and

CodebookConfig=1, except with advancedCodebookEnabled=TRUE)
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Field

Bit width

Rank =1

Rank =2

Rank =3

Rank = 4

Wide-band
CQl

codeword 0

4

Subband
differential

CQl
codeword 0

Wide-band
CQl

codeword 1

Subband
differential

CQl
codeword 1

Position of
the M
selected
subbands

L

L

Wideband
first PMIi1,1

ﬂ OgZ(Nlol)—‘

ﬂOgZ(Nlolﬂ

L]

L)

Wideband
first PMIi1,2

|—|092(N202)-|

|—|092(N202)-|

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

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

Wideband
second PMI
i2

Subband
second PMI
i2

Field

Bit width

Rank =5

Rank =6

Rank =7

Rank =8

Wide-band
CQl

codeword O

4

Subband
differential

CQl
codeword 0

Wide-band
CQl

codeword 1

Subband
differential

cQl
codeword 1

Position of
the M
selected
subbands

L

L

L

L

Wideband
first PMIi1,1

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

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

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

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

Wideband
first PMIi1,2

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

[l0g,(N,0,/S,)]

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

[l0g, (N,0,/S,)]

Wideband
second PMI
i2

0

0

0

0

Subband
second PMI
i2
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Table 5.2.2.6.3-2D: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter eMIMO-
Type, and eMIMO-Type is set to ‘CLASS A’ with codebook configuration (N,N, Q,0) and

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

Bit width

Rank =1

Rank =2

Rank = 3

Rank =4

Wide-
band CQI
codeword

0

Subband
differential
cQl
codeword
0

Wide-
band CQI
codeword

1

Subband
differential
CQl
codeword
1

Position
of the M
selected
subbands

Wideband
first PMI
i1,1

|—| 0g,(N;0; / 2)-|

|—|092(N101/2)-|

o252

)

Wideband
first PMI
i1,2

(|092(N202 /2)—|

(|092(N202/2)—‘

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

[l0g, (N,0,/S,)]

Wideband
second
PMI i2

Subband
second
PMI i2

Field

Bit width

Rank =5

Rank = 6

Rank =7

Rank =8

Wide-
band CQI
codeword

0

Subband
differential
CQl
codeword
0

Wide-
band CQI
codeword

1

Subband
differential
Cql
codeword
1

Position
of the M
selected
subbands

Wideband
first PMI
i1,1

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

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

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

[log, (N,O,/S))]
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Wideband
fistei | [log, (N.0,/S,)] |[log, (N.O,/S,) ]| [log, (N.O,/S,)] [log, (N,0,/S,)]
11,
Wideband
second 0 0 0 0
PMI i2
Subband
second 0 0 0 0
PMI i2

Table 5.2.2.6.3-2E: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 9/10 configured with PMI/RI reporting with 2/4/8 antenna ports and
higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K=1 and
alternativeCodebookEnabledCLASSB_K1=TRUE and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 2/4/8 antenna ports with alternativeCodebookEnabledCLASSB_K1=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank =2 | Rank =3 | Rank =4
Wideband CQI codeword 0 4 4 4 4 4 4
Subband differential CQI codeword 0 2 2 2 2 2 2
Wideband CQI codeword 1 0 4 0 4 4 4
Subband differential CQI codeword 1 0 2 2 2 2 2
Position of the M selected subbands L L L L L L
Wideband Precoding matrix indicator 2 1 3 3 2 1
Subband Precoding matrix indicator 2 1 3 3 2 1
Bit width
Field 8 antenna ports
Rank =1 | Rank =2 | Rank =3 | Rank =4 Rank =5~8
Wideband CQI codeword 0 4 4 4 4 4
Subband differential CQI codeword 0 2 2 2 2 2
Wideband CQI codeword 1 0 4 4 4 4
Subband differential CQI codeword 1 0 2 2 2 2
Position of the M selected subbands L L L L L
Wideband Precoding matrix indicator 4 4 4 3 0
Subband Precoding matrix indicator 4 4 4 3 0

Table 5.2.2.6.3-2F: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 9/10 configured with PMI/RI reporting with 4 antenna ports and higher
layer parameter advancedCodebookEnabled=TRUE)

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

Wideband CQI codeword 0 4 4 4 4
Subband differential CQI codeword 0 2 2 2 2
Wideband CQI codeword 1 0 4 4 4
Subband differential CQI codeword 1 0 2 2 2
Position of the M selected subbands L L L L
Wideband first PMI i1,1-1 3 3 0 0
Wideband first PMI i1,2-1 0 0 0 0
Wideband first PMI i1,1-2 0 0 0 0
Wideband first PMI i1,2-2 0 0 0 0
Wideband first PMI i1,p-2 2 2 0 0
Wideband second PMI i2 6 12 4 4
Subband second PMI i2 6 12 4 4
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Table 5.2.2.6.3-2G: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 9/10 configured with PMI/RI reporting with 8 antenna ports and higher
layer parameter advancedCodebookEnabled=TRUE)

Bit width
Field Rank Rank Rank Rank Rank Rank
Rank =1 Rank =2 33 34 3 3 37 3
Wide-band CQI 4 4 4 4 4 4 4 4
codeword 0
Subband differential
CQI codeword 0 2 2 2 2 2 2 2 2
Wide-band CQI 0 4 4 4 4 4 4 4
codeword 1
Subband differential
CQI codeword 1 0 2 2 2 2 2 2 2
Position of the M
selected subbands L L L L L L L L
Wideband first PMI
o [log,(N,0)] | [log,(N,O) ]| 2 2 2 2 2 0
Wldeb?lnczzl_fllrst PMI 0 0 0 0 0 0 0 0
Wideband first PMI
e [log,(L)] | [log,(L)] | o 0 0 0 0 0
Wideband first PMI
i1.2-2 0 0 0 0 0 0 0 0
Wideband first PMI
i1,p-2 2 2 0 0 0 0 0 0
Wideband second
PMI i2 6 12 4 3 0 0 0 0
Subband second
PMI 2 6 12 4 3 0 0 0 0
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Table 5.2.2.6.3-2H: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer parameters
advancedCodebookEnabled and eMIMO-Type, and advancedCodebookEnabled=True and eMIMO-
Type is set to ‘CLASS A’ with codebook configuration (N,N,,Q,0) and CodebookConfig=1)
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Bit width
Rank =1 Rank =2 Rank =3 Rank =4

Field

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,)] [log,(N,0,)] Iogz[ N101X[2J{9—N2m |092[N101X[2+L9—N2J]]
i1,1-1 S 8 S 8
Wideband
firitzPi/ll [log,(N,0,)] [log,(N,0,)] [log,(N,0,/S,) | [log,(N,0,/S,) |
i1,2-
Wideband
first PMI [log, (L) [1og, (L) ] 0 0
i1,1-2
Wideband
first PMI ’_| ng(l—z)—‘ |_| ng(Lz)—| 0 0
i1,2-2
Wideband
first PMI 2 2 0 0
i1,p-2
Wideband
second 6 12 1 1
PMI i2
Subband
second 6 12 1 1
PMI i2

Bit width
Rank =5 Rank = 6 Rank =7 Rank =8

Field

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
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Position
of the M
selected
subbands
Wideband
ﬁritlpi/” ’_|ng ( N101/ Sl)—| |_|ng ( Nlollsiﬂ |_|ng ( Nlollsi)—‘ ’_|092 ( N101/ Sl)—|
| , L=
Wideband
fi(itzpim [log, (N,0,/S,)] [[109,(N,0,/S,) ]|  [log,(N,0,/S,)] [log, (N,0,/S,)]|
| y -
Wideband
first PMI 0 0 0 0
i1,1-2
Wideband
first PMI 0 0 0 0
i1,2-2
Wideband
first PMI 0 0 0 0
i1,p-2
Wideband
second 0 0 0 0
PMI i2
Subband
second 0 0 0 0
PMI i2
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Table 5.2.2.6.3-21: Fields for channel quality information feedback for UE selected subband CQI
reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer parameters
advancedCodebookEnabled and eMIMO-Type, and advancedCodebookEnabled=TRUE and eMIMO-
Type is set to ‘CLASS A’ with codebook configuration (N,N,,Q,0) and CodebookConfig=2/3/4)
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Field

Bit width

Rank =1

Rank =2

Rank =3

Rank = 4

Wide-
band CQI
codeword

0

Subband
differential
CQl
codeword
0

Wide-
band CQI
codeword

1

Subband
differential
CQl
codeword
1

Position
of the M
selected
subbands

Wideband
first PMI
i1,1-1

ﬂOgZ(NlOlﬂ

ﬂ 092(N101)—‘

{Iogz[ Nélol X[Z%Q_SNZ

Wideband
first PMI
i1,2-1

|—|092(N202)-|

|—|092(N202)-|

|7|092 ( Nzoz / Sz)—|

Wideband
first PMI
i1,1-2

[log,(L,) |

[log,(L,) ]

Wideband
first PMI
i1,2-2

[log,(L,) |

[log,(L,) ]

Wideband
first PMI
i1,p-2

Wideband
second
PMI i2

12

Subband
second
PMI i2

12

Field

Bit width

Rank =5

Rank =6

Rank =7

Rank = 8

Wide-
band CQI
codeword

0

Subband
differential
CQl
codeword
0

Wide-
band CQI
codeword

1

Subband
differential
cQl
codeword
1
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Position
of the M
selected
subbands

Wideband

ﬁgitﬁgm |_|ng ( Nlollsiﬂ ’_|ng ( NGO,/ Sl)—| ’_|ng ( NGO,/ Sl)—| |_|ng ( Nlollsiﬂ

Wideband

fisteul | [1og, (N,0,/8,)] [10g,(N,0,/S,)]|  [log,(N.O,/S,)] | [log,(N,0,/S,)]

i1,2-1

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

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

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

Wideband
second 0 0 0 0
PMI i2

Subband
second 0 0 0 0
PMI i2

Table 5.2.2.6.3-2J shows the fields and the corresponding bit widths for i1 for UE selected subband CQI reports for
PDSCH transmissions associated with transmission mode 9/10 configured with higher layer parameter eMIMO-Type
and eMIMO-Type2, and eMIMO-Type isset to ‘CLASS A’ with 8/12/16/20/24/28/32 antenna ports and eMIMO-Type2
issetto‘CLASSB’, whereil isassociated with Class A.

Table 5.2.2.6.3-2J: Fields for i1 feedback (transmission mode 9/10 configured with higher layer
parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type is set to ‘CLASS A’ with codebook
configuration (N,N,Q,Q) , where il is associated with Class A)

Bit width
Field Max 1 or 2 layers Max 4 or 8 layers
Rank =1 Rank =1 Rank =3

Wideband
first PMI [log,(N,0,/S))] [log,(N,0,/S))] ’7|092[ Ny X(Z%Q_NZBN

i1,1 S 8
Wideband

firs_;F;MI |7|092(N202/52)—| |V|ng(N202/Sz)—| |7|092(N202/52)—|
11,

Table 5.2.2.6.3-3 shows the fields and the corresponding bit widths for the rank indication feedback for UE selected
subband CQI reports for PDSCH transmissions associated with transmission mode 3, transmission mode 4, transmission
mode 8 configured with PMI/RI reporting, transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna
ports, transmission mode 10 configured with PMI/RI reporting with 2/4/8 antenna ports, transmission mode 9/10
configured with PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type
isset to ‘CLASS B’ with K=1, transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter
csi-RS-NZP-mode set to ‘multi-shot’ and with activatedResources=1 and more than one ports for the activated CSI-RS
resource, transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter csi-RS-ConfigNZP-
ApList and the higher layer parameter csi-RS-NZP-mode is set to ‘aperiodic’ and more than one ports for the activated
CSI-RS resource, transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2,
and eMIMO-Type2 configured with PMI/RI reporting with 2/4/8 antenna ports and rank indication is associated with
eMIMO-Type2, transmission mode 9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and
higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS A’, and transmission mode 9/10 configured
without PMI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’ with K=1 with
with 2/4/8 antenna ports, transmission mode 9/10 configured without PMI reporting and higher layer parameter csi-RS
NZP-mode set to ‘multi-shot’ and with activatedResources=1 and more than one ports for the activated CSI-RS
resource, transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter csi-RS-ConfigNZP-
ApList and the higher layer parameter csi-RS-NZP-mode is set to ‘aperiodic’ and more than one ports for the activated
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CSI-RS resource, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-
Type2, and eMIMO-Type2 configured without PMI reporting with 2/4/8 antenna ports and rank indication is associated
with eMIMO-Type2.

Table 5.2.2.6.3-3A 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-Type is set to ‘CLASS B’
with K>1 except with higher layer parameter csi-RS-NZP-mode configured, and transmission mode 9/10 configured
with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to ‘CLASS B’ with K>1, where
CRI is assocated with the eMIMO-Type.

Table 5.2.2.6.3-3B shows the fields and the corresponding bit widths for the joint CRI and RI feedback for UE selected
subband CQI report for PDSCH transmissions associated with transmission mode 9/10 configured without PMI
reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’ with K>1 except with higher
layer parameter csi-RS-NZP-mode configured, transmission mode 9/10 configured with PMI/RI reporting and higher
layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’ with K>1 and 2/4/8 antenna ports except with
higher layer parameter csi-RS-NZP-mode configured.

Table 5.2.2.6.3-3C shows the fields and the corresponding bit widths for the CSI-RS resource indication feedback for
UE selected subband CQI reports for PDSCH transmissions associated with transmission mode 9/10 configured with
higher layer parameter csi-RS-NZP-mode set to ‘ multi-shot’ and with activatedResources>1 and with 1 antenna port per
activated CSI-RS resource. N isthe value of higher layer parameter activatedResources.

Table 5.2.2.6.3-3D shows the fields and the corresponding bit widths for the joint CRI and RI feedback for UE selected
subband CQI report for PDSCH transmissions associated with transmission mode 9/10 configured without PMI
reporting and higher layer parameter csi-RS-NZP-mode is set to ‘multi-shot’ and with activatedResources>1 and more
than one ports for at least one activated CSI-RS resource, and transmission mode 9/10 configured with PMI/RI
reporting and higher layer parameter csi-RS-NZP-mode is set to ‘multi-shot’ and with activatedResources>1 and more
than one ports for at least one activated CSI-RS resource. N isthe value of higher layer parameter activatedResour ces.

Table 5.2.2.6.3-3E shows the fields and the corresponding bit width for the rank indication feedback for UE selected
subband CQI reports for PDSCH transmissions associated with transmission mode 9/10 configured with higher layer
parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeisset to ‘CLASS A’ with8/12/16/20/24/28/32 antenna
ports and eMIMO-Type2 is set to ‘CLASS B’, where rank indication is associated with the eMIMO-Type.

Table 5.2.2.6.3-3: Fields for rank indication feedback for UE selected subband CQI reports
(transmission mode 3, transmission mode 4, transmission mode 8 configured with PMI/RI reporting,
transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports and transmission
mode 10 configured with PMI/RI reporting with 2/4/8 antenna ports, transmission mode 9/10
configured with PMI/RI or without PMI reporting with 2/4/8 antenna ports and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K=1, transmission mode 9/10 configured with
PMI/RI or without PMI reporting and higher layer parameter csi-RS-NZP-mode is set to ‘multi-shot’
with activatedResources=1 and more than one ports for the activated CSI-RS resource, transmission
mode 9/10 configured with PMI/RI reporting and higher layer parameter csi-RS-ConfigNZP-ApList and
the higher layer parameter csi-RS-NZP-mode is set to ‘aperiodic’ and more than one ports for the
activated CSI-RS resource, transmission mode 9/10 configured with higher layer parameter eMIMO-
Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI or without PMI reporting with 2/4/8
antenna ports and rank indication is associated with eMIMO-Type2, and transmission mode 9/10
configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to ‘CLASS A’)

Bit width
Field 2 antenna 4 antenna ports 8/12/16/20/24/28/32 antenna ports
- Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
P layers layers layers layers layers
Rank
indication L L 2 L 2 3
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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 except with higher layer

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

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

Table 5.2.2.6.3-3B: Fields for joint CRI and RI feedback for UE selected subband CQI report
(transmission mode 9/10 configured without PMI reporting and higher layer parameter eMIMO-Type,
and eMIMO-Type is set to ‘CLASS B’ with K>1 except with higher layer parameter csi-RS-NZP-mode

configured, and transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K>1 and 2/4/8 antenna ports except with
higher layer parameter csi-RS-NZP-mode configured)

Bit width
. 4 antenna ports 8 antenna ports
FIEld 2 a;)n(;[:atr;na Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
layers layers layers layers layers
CRI [log, (K)] [log,(K)| | [log,(K)] | Tlog,(K)] | [log,(K)] | [log,(K)]
_ Rank 1 1 2 1 2 3
indication

Table 5.2.2.6.3-3C: Fields for CSI-RS resource indication feedback for UE selected subband CQI
reports (transmission mode 9/10 configured with higher layer parameter csi-RS-NZP-mode set to
‘multi-shot’ and with activatedResources>1, and 1 antenna port per activated CSI-RS resource)

. Bit width
Field =2 N=3and N=4
CRI 1 2

Table 5.2.2.6.3-3D: Fields for joint CRI and RI feedback for UE selected subband CQI report
(transmission mode 9/10 configured without PMI reporting and higher layer parameter csi-RS-NZP-
mode is set to ‘multi-shot’ and with activatedResources>1 and more than one ports for at least one
activated CSI-RS resource, and transmission mode 9/10 configured with PMI/RI reporting and higher

layer parameter csi-RS-NZP-mode is set to ‘multi-shot’ and with activatedResources>1 and more
than one ports for at least one activated CSI-RS resource)

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

Table 5.2.2.6.3-3E: Fields for rank indication feedback for UE selected subband CQI reports
(transmission mode 9/10 and higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-
Type2 configured with PMI/RI or without PMI reporting with 2/4/8 antenna ports, with eMIMO-Type set

Bit width

Field

8/12/16/20/24/28/32 antenna ports

Max 1 or 2 layers

Max 4 or 8 layers

Rank indication

0

1
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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, Table 5.2.2.6.3-2D, Tahle 5.2.2.6.3-2E, Table 5.2.2.6.3-2F, Table 5.2.2.6.3-2G, Table5.2.2.6.3-2H, Table
5.2.2.6.3-21, Table 5.2.2.6.3-3B, and Table 5.2.2.6.3-3D form the bit sequence 0y,0;,05,...,05_; With 0,

corresponding to the first bit of the first field in each of the tables, o, corresponding to the second bit of the first field in
each of 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. The first bit of each field corresponds to
MSB and the last bit LSB. The RI bits sequencein Table 5.2.2.6.3-3, Table 5.2.2.6.3-3B, Table 5.2.2.6.3-3D, Table
5.2.2.6.3-3E, and the CRI sequence in Table 5.2.2.6.3-3A and Table 5.2.2.6.3-3C are encoded according to section
5.2.26.

For transmission mode 9/10 configured with Class B CSl reporting and K>1, the number of antenna port in Table
5.2.2.6.3-3B refers to the maximum number of antenna ports of K CSI-RS resources configured for the CSl-process for
the UE.

For transmission mode 9/10 configured with Class B CSI reporting and K>1 and with activatedResources>1, the
number of antennaport in Table 5.2.2.6.3-3D refers to the maximum number of antenna ports of N CSI-RS resources
activated for the CSI-process for the UE. N isthe value of higher layer parameter activatedResources.

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 0gq,0;,05,03,...,00_1 Where O isthe
number of bits. The number of channel quality bits depends on the transmission format. When PUCCH-based reporting
format is used, the number of CQI/PMI bitsis defined in section 5.2.3.3.1 for wideband reports and in section 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 section 5.2.2.6.1 for wideband reports, in section 5.2.2.6.2 for higher layer configured subbands reports and in section
5.2.2.6.3 for UE selected subbands reports.

The channel quality information isfirst coded using a (32, O) block code. The code words of the (32, O) block code are
alinear combination of the 11 basis sequences denoted M; , and defined in Table 5.2.2.6.4-1.
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Table 5.2.2.6.4-1: Basis sequences for (32, O) code

i Mio | Mix | Mi2 | Miz | Mia | Mis | Mie | Mi7 | Mig | Mig | Mio
0 1 1 0 0 0 0 0 0 0 0 1
1 1 1 1 0 0 0 0 0 0 1 1
2 1 0 0 1 0 0 1 0 1 1 1
3 1 0 1 1 0 0 0 0 1 0 1
4 1 1 1 1 0 0 0 1 0 0 1
5 1 1 0 0 1 0 1 1 1 0 1
6 1 0 1 0 1 0 1 0 1 1 1
7 1 0 0 1 1 0 0 1 1 0 1
8 1 1 0 1 1 0 0 1 0 1 1
9 1 0 1 1 1 0 1 0 0 1 1
10| 1 0 1 0 0 1 1 1 0 1 1
11| 1 1 1 0 0 1 1 0 1 0 1
12| 1 0 0 1 0 1 0 1 1 1 1
13| 1 1 0 1 0 1 0 1 0 1 1
14| 1 0 0 0 1 1 0 1 0 0 1
15| 1 1 0 0 1 1 1 1 0 1 1
16| 1 1 1 0 1 1 1 0 0 1 0
17| 1 0 0 1 1 1 0 0 1 0 0
18| 1 1 0 1 1 1 1 1 0 0 0
19| 1 0 0 0 0 1 1 0 0 0 0
20| 1 0 1 0 0 0 1 0 0 0 1
21| 1 1 0 1 0 0 0 0 0 1 1
22| 1 0 0 0 1 0 0 1 1 0 1
23| 1 1 1 0 1 0 0 0 1 1 1
24| 1 1 1 1 1 0 1 1 1 1 0
25| 1 1 0 0 0 1 1 1 0 0 1
26| 1 0 1 1 0 1 0 0 1 1 0
27| 1 1 1 1 0 1 0 1 1 1 0
28| 1 0 1 0 1 1 1 0 1 0 0
29| 1 0 1 1 1 1 1 1 1 0 0
30| 1 1 1 1 1 1 1 1 1 1 1
31| 1 0 0 0 0 0 0 0 0 0 0

The encoded CQI/PMI block is denoted by by, b;,b,,bs....,bg_; where B=32 and

O-1
b= (0-M;,)mod2 wherei=0,1,2, ..., B-1
n=0

The output bit sequence Q,,0,,d,,0s; - qNL'ch _; isobtained by circular repetition of the encoded CQI/PMI block as
follows

i =b(imodp) Wherei =0, 1,2, ..., N.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 bitsinput to the channel coding block are denoted by 05 0™ ,...,0556 | where 11< 0" <22
is the number of bits.

H ACK ACK ACK CK CK CK CK ACK
The sequences of bits o5 ,0{ " ,05 ""'OOACKIZ-I»l and OOACK/2-"OOACK/2-|+1'0OACK/2-|+2""’OOACK—1 are encoded

asfollows
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(OACK /2|1

G= > (o,fCK~Mi’n)mod2

n=0
and

OACK {oACK /2]

G- Y (0%, ), Min Jmod2

n=0
wherei =0, 1, 2, ..., 31 and the basis sequences M, , are defined in Table 5.2.2.6.4-1.

The output bit sequence g5, a/ ™, g7 ..., a5~ ; isobtained by the concatenation and circular repetition of the

bit sequences Gy, 0;,0y,.--, 031 @d Ty, 0y, yse-,Ozp S Follows:
Seti=0
while i <[Q/2]-Q,

ACK _ =~
4 " =0Uimod32

i=i+1
end while
Seti=0
while i <(@-]372)-Q,

ACK _=
q"erz"_QmH = Ui mod 32

i=i+1

end while

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. |n addition, the multiplexing ensures that control and
data information are mapped to different modulation symbols.

The inputs to the data and control multiplexing are the coded bits of the control information denoted by

Qo> 01 A2 G35+ AN Qogy -1 and the coded bits of the UL-SCH denoted by f,, fy, f,, f5,..., fg_; . The output of the data
and control multiplexing operation is denoted by 959,959,509, where H =(G+ N - Qcai ) and
H'=H/(N_-Qy) ,andwhereg , i =0,...,H"~1 are column vectors of length (Q,,-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

ETSI



3GPP TS 36.212 version 14.4.0 Release 14 105 ETSI TS 136 212 V14.4.0 (2017-10)

while j <N _.Q., - first place the control information

9,.= [q ".qj+NL‘mel]T

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

while i < G -- then place the data
9, =[fi.. fi+Qm<N|_—l]T
i=i+Qn, N_
k=k+1

end while

5228 Channel interleaver

The channel interleaver described in this section 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 slotsin 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.

The input to the channel interleaver are denoted by 959,19, 9, qg' ,qu' ,qs' qg' 1 and
29'21'2 Sy Ao ' 04 Aok -

q (/:CK .q fCK .q ;‘CK e S?K - In case where more than one UL-SCH transport block are transmitted in a subframe of
- - —N~ACK

an UL cdll, 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 subframeis given by H/.., = H’+Qg . The output bit sequence
from the channel interleaver is derived as follows:

(1) Assign C, = NS to be the number of columns of the matrix. The columns of the matrix are numbered 0,
1,2,...,Cpy —1 fromleft to right. NS> is determined according to section 5.2.2.6, or by higher layer

parameter symPUSCH-UpPts for PUSCH transmission in UpPTS.

(2) The number of rows of the matrix is R, = (Hiys -Qm - N, )/ Crrx @nd we define Ry = Ry /(Qm- 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 g (F;'

the columns indicated by Table 5.2.2.8-1 or Table 5.2.2.8-1A and by setsof (Q,,- N, ) rows starting from the
last row and moving upwards according to the following pseudo-code.

R R RO icr
Gy Gy G, 4 1SWritten onto

Seti,jtoO.
Setrto Ry, —1
whilei < Qf,

Cr = Column Set(j)
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RI
ercnux+CR| o

i=i+1

= R ~1-11/4]

j=(j+3)mod4
end while

Where ColumnSet isgivenin Table 5.2.2.8-1 or Table 5.2.2.8-1A and indexed left to right from O to 3.

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

aready occupied:
Yo Y Y, Y o1
Xcmux Xcmuxﬂ XCWX+2 F2Cm-1
Y R 0xCo LR D¥Comnc L LR DxCon 2 Y (RonsxCo—1)

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

if Y, is not assigned to Rl symbols

Yi=9
k=k+1
end if
i=i+1
end while
(5) If HARQ-ACK information is transmitted in this subframe, the vector sequence g (’:CK .q fCK .q :CK e gf:z( .

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)

ACK
i

10

ercmu><+CACK
i=i+1

r= R;nux _1_|_i/4J
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j=(j+3)mod4
end while

Where ColumnSet is givenin Table 5.2.2.8-2 and indexed left to right from O to 3.

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

matrix. The bits after channel interleaving are denoted by by, by, h,,.... 0y o 1, where NL isthe number
of layersthe corresponding UL-SCH transport block is mapped onto.

Table 5.2.2.8-1: Column set for Insertion of rank information for PUSCH not scheduled using DCI
Format OA, 4A, 0B and 4B

Table 5.2.2.8-1A: Column set for Insertion of rank information for PUSCH scheduled using DCI

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

Format OA, 4A, OB and 4B

PUSCH Starting

CP Configuration Position Column Set
At symbol 0 {1, 4,7, 10}
Normal Within symbol 0 or (0,36, 9}
at symbol 1 T

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

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

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

5.2.3 Uplink control information on PUCCH

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

Three forms of channel coding are used as shown in Figure 5.2.3-1,

- onefor HARQ-ACK and for combination of HARQ-ACK and periodic CSl transmitted on PUCCH format 3,
including the cases with scheduling request,

- another for the channel quality information CQI/PMI transmitted on PUCCH format 2,
- and another for combination of CQI/PMI and HARQ-ACK transmitted on PUCCH format 2/2a/2b.

A fourth form of channel coding is used as shown in Figure 5.2.3-2, for HARQ-ACK and for combination of HARQ-
ACK and periodic CS| 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.
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A9,y Ap i

Channel coding

by, by, by i

Figure 5.2.3-1: Processing for UCI

ao,al,...,aA71 l

CRC attachment

CO’QL""YCK{I_ v

Channel coding

00,40...d0, |

Rate matching

€88 i
Figure 5.2.3-2: Processing for UCI

5.23.1 Channel coding for UCI HARQ-ACK

The HARQ-ACK bhits are received from higher layers for each subframe of each cell. Each positive acknowledgement
(ACK) isencoded asahbinary ‘1" and each negative acknowledgement (NACK) is encoded asabinary ‘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 asthe number of HARQ-ACK feedback bits and N EYSCHOMA3 a5 the number of HARQ-ACK feedback

bits including the possible concurrent transmission of scheduling request and/or periodic CSI when PUCCH format 3 is
used for transmission of HARQ-ACK feedback (section 10.1in [3]), and N 5™ * asthe number of HARQ-ACK

feedback bits including the possible concurrent transmission of scheduling request and/or periodic CSlI when PUCCH
format 4 is used for transmission of HARQ-ACK feedback (section 10.1in[3]), and N ™ ° asthe number of

HARQ-ACK feedback bitsincluding the possible concurrent transmission of scheduling request and/or periodic CS
when PUCCH format 5 is used for transmission of HARQ-ACK feedback (section 10.1 in [3]).
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For UEs configured by higher layers with codebooksizeDetermination-r13 = dai, the bit sequence
0g K, 6,/ ,...,aggé_l is determined according to the Downlink Assignment Index (DAI) asin Table 5.3.3.1.2-2 and

~ ACK

as defined in [3]. Otherwise, the bit sequence 0, <, O} 0

- 05ack_ IS determined as below.

For FDD, the sequence of bits 0", 6,"°" ,...,0\  isthe result of the concatenation of HARQ-ACK bits for

different cells according to the following pseudo-code:

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

Set N2 to the number of cells configured by higher layers for the UE

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 configured with spatial bundling on PUCCH by higher layers and if the UE is configured with
PUCCH format 4 or PUCCH format 5

GjACK = binary 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

c=c+1
end while

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

TDD, the sequence of bits 03, 6, ,...,05& _, istheresult of the concatenation of HARQ-ACK bits for different

cells. Define N 2 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,

BCDL =1 if subframe n-4 in the cell isa DL subframe or a special subframe with special subframe configurations
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1/2/3/4/6/7/8/9/10 and normal downlink CP or a special subframe with specia subframe configurations 1/2/3/5/6/7 and
extended downlink CP, and B> =0 otherwise. For acell using FDD, B>" =1.

~ ACK

The sequence of bits O A0

,0 " ...,0

rex_, IS performed according to the following pseudo-code:

Set ¢ = 0 —cell index: lower indices correspond to lower RRC indices of corresponding cell
Setj = 0-HARQ-ACK bit index
whilec < N2
if B2 =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

GJ-ACK = hinary AND operation of the HARQ-ACK hits corresponding to the first and second codewords
of thiscell
j=j+1
else
0 jACK = HARQ-ACK hit corresponding to the first codeword of this cell
j=j+1
) J-ACK = HARQ-ACK bit corresponding to the second codeword of this cell
j=j+1
end if
end if
c=c+1
end while
For the cases with TDD primary cell, the sequence of bits 0; <, 0,"" ,...,6355';_1 is obtained 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 BcD " as the number of subframes for
which the UE needs to feed back HARQ-ACK bitsin cell ¢ asdefined in Section 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 bhits
Set k, = 0 — counter of HARQ-ACK hits after spatial bundling
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Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell
whilec < N2
setl=0;
whilel < BP*
if transmission mode configured in cell ce {1,2,5,6,7} -- 1 bit HARQ-ACK feedback for this cell
k=k+1
ko=ko+ 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 OR=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 section 7.2.2 [3]; otherwise OS'=0.

For PUCCH format 3, the number of HARQ-ACK feedback bits O*K is computed as follows:
Set K, =20 when TDD isused in all the configured serving cell(s) of the UE and K, =21 when FDD isused in at
least one of the configured serving cells with TDD primary cell.

If k<kpy and O =0, orif k+0% +OF <22 and 0¥ >0, orif k, + O + O > 22 and k <k, , then
OACK =k

else,
OACK =K, .

For PUCCH format 4 or PUCCH format 5, O”“f =k if the UE is not configured with spatial bundling on PUCCH by
higher layers; otherwise 0" =k, .

If O =k, the multiplexing of HARQ-ACK hitsis performed according to the following pseudo-code:
Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell
Set j = 0—HARQ-ACK bit index

whilec < N2
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setl=0;
whilel < B>

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 Section 7.3 of [3]

j=j+1
else

[0, AcK JﬁfK] =[025",05.] HARQ-ACK bit of this cell as defined in Section 7.3 of [3]

j=j+2
end if
[=1+1
end while
c=c+1
end while

If O =k, , 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 < B>

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

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

j=j+1
else

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

codewords of this cell as defined in Section 7.3 of [3]
j=j+1
end if
[=1+1
end while
c=c+1

end while
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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 hbits.

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 CSI, and periodic CSl is
not dropped as defined in section 7.3.2 and section 10.1.1 of [3], the periodic CSI bits for the CSI report as defined in
section 7.2.2 [3] are appended at the end of the sequence of concatenated HARQ-ACK bits and scheduling request bit
(if any), wherein case of CSl report for more than one DL cell, the CSI report for each DL cell is appended in
increasing order of cell index. As with the transmission of the scheduling request, the procedure above is used with

N RyccH format 3 1\ PUCCH format 4 o\ RUCCHToma S i el yding the number of periodic CSI bits and scheduling request bit
(if any).

For NEYSCH M3 <17 the hit sequence ag, &, 8y, A puccHfomata_y is obtained by setting & =g,

For 11< NRVCCHToma3 < 55 the bit sequence ag, &, 8y, ,,aNPUCCHforrnatS _, isobtained by setting &/, =5 "% ifiis

ACK
even and a(N/E}’ﬁCHfO’”m/zL(. 2= 0 if i isodd.

For NRYCCHToMAS < 17 | the sequence of bits g, &, @,...,, a puccrfomas_, 1S encoded as follows
A/N -

N PUCCH format 3_4

t’;i = El(an'lvli,n)m()d2
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;,b,,...,,bg_; isobtained by circular repetition of the sequence 50 51 5 Y

b :b(im0d32)
wherei =0, 1,2, ..., B-1and where B=4-NZ° .

For 11< NR7SEH ™3 < 29 | the sequences of bits 80,8,z & pycciiomas | ; AN
A/N

a’VNELIJﬁCHformaB/Z-‘a a[NilfﬁCHformm3/ 21*11 a{NKL/JﬁCHformam/Z-LZ yeeery aNKL/J(’\‘,‘CHformaIS_l are encoded as follows

PUCCHformat3
[y 2}

= Z:(an"vli,n)mc’d2
n=0

and

PUCCH format 3 PUCCH format 3
Na/N _(NAI N /4‘1

Z (a[NKyﬁCHformaxslan : Mi’n)mOdZ

n=0

on

wherei =0, 1, 2, ..., 23 and the basis sequences M, , are defined in Table 5.2.2.6.4-1.

The output bit sequence by, b, b, ..., bgy where B=4-Ng; RB is obtained by the alternate concatenation of the bit

sequences b0 bl bz, ,,bzgand b0 b, b2, ,,b23 as follows

Seti,j=0
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while i <4- N8

bl :bj! b|+l bj+1
b, = 6-j v bis =6]+1
i=i+4
j=i+2

end while

For Npicerfomas 5 22 | the bit sequence a,,3,,@, ..., 8 reanames_y 1S ObAINEd by setting & = 5, , and the output bit

sequence after the rate matching is denoted by €,,€,,€,,...,,€.;, where E=Q_ - Mg “"* - NZ 2" NP, Q isthe
modulation order of the PUCCH format 4, NJ, > is determined according to section 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 sections 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 @y,8,,8,,-..,,8sewams_, - 1Ne OUPUL 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 NZJ’\?CH format5 o 99 the bit sequence a,,a,,a,,...,, NPUCCH fomats_y is obtained by setting &, = 0 , and the output bit

sequence after the rate matching is denoted by €,,€,,e,,...,,6.,, where E=Q, - N;,Lr:fH ‘NP /2, q, isthe

modulation order of the PUCCH format 5 and Ng, 5™ isdetermined according to section 5.2.4.1. The CRC

attachment, channel coding and rate matching are performed according to sections 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 pucos amas_ - . 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 section 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 bitsinput to the channel coding block are denoted by
ag, 8y, 8,,a;,...,a, 1 Where Aisthe number of bits. The number of channel quality bits depends on the transmission

format asindicated in section 5.2.3.3.1 for wideband reports and in section 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 | Mig | Mi7 | Mis | Mig | Mito | Mi1u1 | Mix2

|
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
4] 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=

Ly

o

For PUCCH format 4, the output bit sequence after the rate matching is denoted by e,,e,e,,...,,e._, , where
E=Q, Mg~ N N, Q, isthe modulation order of the PUCCH format 4, NJ-»"" isdetermined according

to section 5.2.4.1, and M 5" 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 sections 5.1.1 by setting L to 8 bits,
5.1.3.1 and 5.1.4.2, respectively. The input bit sequence to the CRC attachment operationis a,,a,,a,,...,,a, , . The

output bit sequence of the CRC attachment operation is the input bit sequence to the channel coding operation. The
output bit sequence of the channel coding operation is the input bit sequence to the rate matching operation.

For PUCCH format 5, the output bit sequence after the rate matching is denoted by e,,¢,e,,...,,€.; , where
E=Q,- N;ﬁf” N2 /2, Q, isthe modulation order of the PUCCH format 5 and NS is determined

symb
according to section 5.2.4.1. The CRC attachment, channel coding and rate matching are performed according to
sections 5.1.1 by setting L to 8 bits, 5.1.3.1 and 5.1.4.2, respectively. The input bit sequence to the CRC attachment
operationis a,,a,,a,,...,,a, , - Theoutput bit sequence of the CRC attachment operation is the input bit sequence to the
channel coding operation. The output bit sequence of the channel coding operation isthe input bit sequence to the rate
matching operation.

5.2.3.3.1 Channel quality information formats for wideband reports

Table 5.2.3.3.1-1 shows the fields and the corresponding bit widths for the channel quality information feedback for
wideband reports for PDSCH transmissions associated with a transmission mode 1, transmission mode 2, transmission
mode 3, transmission mode 7, transmission mode 8 configured without PMI/RI reporting, transmission mode 9
configured without PMI/RI reporting or configured with 1 antenna port, transmission mode 10 configured without
PMI/RI reporting or configured with 1 antenna port, transmission mode 9/10 configured without PM1 with higher layer
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parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured without PMI.

Table 5.2.3.3.1-1A shows the fields and the corresponding bit widths for the channel quality information feedback for
wideband reports for PDSCH transmissions associated with transmission mode 9/10 configured without PMI reporting
and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘ CLASS B’ with 2/4/8 antenna ports, transmission
mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured
without PMI reporting with 2/4/8 antenna ports, and transmission mode 9/10 configured with PMI/RI reporting and
higher layer parameters semiOpenLoop and eMIMO-Type.

Table 5.2.3.3.1-1: UCI fields for channel quality information feedback for wideband CQI reports
(transmission mode 1, transmission mode 2, transmission mode 3, transmission mode 7,
transmission mode 8 configured without PMI/RI reporting, transmission mode 9 configured without
PMI/RI reporting or configured with 1 antenna port, transmission mode 10 configured without PMI/RI
reporting or configured with 1 antenna port, and transmission mode 9/10 configured without PMI with
higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’, and transmission mode
9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2
configured without PMI)

Field Bit width
Wide-band CQI 4

Table 5.2.3.3.1-1A: UCI fields for channel quality information feedback for wideband CQI reports
(transmission mode 9/10 configured without PMI reporting and higher layer parameter eMIMO-Type,
and eMIMO-Type is set to ‘CLASS B’ with 2/4/8 antenna ports, transmission mode 9/10 configured
with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured without
PMI reporting with 2/4/8 antenna ports, and transmission mode 9/10 configured with PMI/RI reporting
and higher layer parameters semiOpenLoop and eMIMO-Type)

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

Table 5.2.3.3.1-2 shows the fields and the corresponding bit widths for the channel quality and precoding matrix
information feedback for wideband reports for PDSCH transmissions associated with transmission mode 4,
transmission mode 5, transmission mode 6, and transmission mode 8 configured with PMI/RI reporting except with
alternativeCodeBookEnabledFor4TX-r12=TRUE.

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 or
advancedCodebookEnabled=TRUE, and transmission mode 10 configured with PMI/RI reporting except with
alternativeCodeBookEnabledFor4TX-r12=TRUE or advancedCodebookEnabled=TRUE, transmission mode 9/10
configured with PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type
issetto ‘CLASS B’ with K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, or
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with higher layer parameter
eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 2/4/8 antenna ports,
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except with alternativeCodebookEnabledCLASSB_K1=TRUE. The number of configured CSI-RS resourcesin a CSl
process K isdefined in [3] and alter nativeCodebookEnabledCLASSB_K1 is configured by higher layers[6].

Table 5.2.3.3.1-2A-1and Table 5.2.3.3.1-2A-2 show the fields and the corresponding bit widths for the channel quality
and precoding matrix information feedback for wideband reports for PDSCH transmissions associated with
transmission mode 9 /10 configured with PMI/RI reporting with higher layer parameter eMIMO-Type, and eMIMO-
Typeissetto ‘CLASS A’ except with advancedCodebookEnabled=TRUE.

Table 5.2.3.3.1-2A-3 and Table 5.2.3.3.1-2A-4 show the fields and the corresponding bit widths for the channel quality
and precoding matrix information feedback for wideband reports for PDSCH transmissions associated with
transmission mode 9/10 configured with PMI/RI reporting with 4/8 antenna ports and higher layer parameter
advancedCodebookEnabled= TRUE.

Table 5.2.3.3.1-2A-5 and Table 5.2.3.3.1-2A-6 show the fields and the corresponding bit widths for the channel quality
and precoding matrix information feedback for wideband reports for PDSCH transmissions associated with
transmission mode 9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and higher layer
parameters advancedCodebookEnabled and eMIMO-Type, and eMIMO-Typeisset to ‘CLASS A’ and
advancedCodebookEnabled= TRUE.

Table 5.2.3.3.1-2B-1 shows the fields and the corresponding bit widths for the channel quality and precoding matrix
information feedback for wideband reports for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting with 4/8 antenna ports and higher layer parameters semiOpenLoop and eMIMO-Type,
and eMIMO-Typeisset to ‘CLASS B’ with K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE,
K>1, with alter nativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.1-2A: UCI fields for transmission of wideband CQI and precoding information (i2)
(transmission mode 9 configured with PMI/RI reporting except with
alternativeCodeBookEnabledFor4TX-r12=TRUE or advancedCodebookEnabled=TRUE, and
transmission mode 10 configured with PMI/RI reporting except with
alternativeCodeBookEnabledFor4TX-r12=TRUE or advancedCodebookEnabled=TRUE, transmission
mode 9/10 configured with PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K=1 and except with
alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 2/4/8 antenna ports, except with alternativeCodebookEnabledCLASSB_K1=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports 8 antenna ports
Rank = | Rank = | Rank = | Rank > | Rank = Rank = Rank = | Rank >

1 2 1 1 1 2,3 4 4

Wide-band CQI 4 4 4 4 4 4 4 4

Spatial differential CQI 0 3 0 3 0 3 3 3
Wide-band PMI (2 or 4

antenna ports) 2 1 4 4 4 4 3 0
or i2 (8 antenna ports)
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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,

except with advancedCodebookEnabled=TRUE)

Bit width
Field 8/12/16/20/24/28/32 antenna ports
Rank = Rank = Rank = Rank = Rank = Rank = Rank = Rank =
1 2 3 4 5 6 7 8
Wide-band CQI 4 4 4 4 4 4 4 4
Spatial differential

col 0 3 3 3 3 3 3 3
W'dei'zband 2 2 1 1 0 0 0 0

Table 5.2.3.3.1-2A-2: UCl fields for transmission of wideband CQI and precoding information (i2)
(transmission mode 9/10 configured PMI/RI with higher layer parameter eMIMO-Type, and eMIMO-
Type is set to ‘CLASS A’ and with codebook configuration (N,N,Q,Q), and CodebookConfig=2/3/4,

except with advancedCodebookEnabled=TRUE)

Bit width
Field 8/12/16/20/24/28/32 antenna ports
Rank = Rank = Rank = Rank = Rank = Rank = Rank = Rank =
1 2 3 4 5 6 7 8
Wide-band CQI 4 4 4 4 4 4 4 4
Spatial C(3é;f|erentlal 0 3 3 3 3 3 3 3
Wide-band i2 4 4 4 3 0 0 0 0

Table 5.2.3.3.1-2A-3: UCl fields for transmission of wideband CQI and precoding information (i2)
(transmission mode 9/10 configured with PMI/RI reporting with 4 antenna ports and higher layer
parameter advancedCodebookEnabled=TRUE)

Field Bit width
Rank =1 Rank > 1
Wideband CQI 4 4
Spatial differential CQI 0 3
Wide-band i2 6 4

Table 5.2.3.3.1-2A-4: UCl fields for transmission of wideband CQI and precoding information (i2)
(transmission mode 9/10 configured with PMI/RI reporting with 8 antenna ports and higher layer
parameter advancedCodebookEnabled=TRUE)

Bit width
Field 8 antenna ports
Rank = Rank = Rank = Rank Rank = Rank = Rank = Rank =
1 2 3 =4 5 6 7 8
Wide-band CQI 4 4 4 4 4 4 4 4
Spatial ggflerentlal 0 3 3 3 3 3 3 3
Wide-band i2 6 4 4 3 0 0 0 0
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Table 5.2.3.3.1-2A-5: UCI fields for transmission of wideband CQI and precoding information (i2)
(transmission mode 9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and
higher layer parameters advancedCodebookEnabled and eMIMO-Type, and
advancedCodebookEnabled=TRUE and eMIMO-Type is set to ‘CLASS A’ with codebook
configuration (N,N,,Q,Q) and CodebookConfig=1)

Bit width
Field 8/12/16/20/24/28/32 antenna ports
Rank = Rank = Rank = Rank = Rank = Rank = Rank = Rank =
1 2 3 4 5 6 7 8
Wide-band CQI 4 4 4 4 4 4 4 4
Spatial differential

col 0 3 3 3 3 3 3 3
W'dei'zband 6 4 1 1 0 0 0 0

Table 5.2.3.3.1-2A-6: UCI fields for transmission of wideband CQI and precoding information (i2)
(transmission mode 9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and
higher layer parameters advancedCodebookEnabled and eMIMO-Type, and
advancedCodebookEnabled=TRUE and eMIMO-Type is set to ‘CLASS A’ with codebook
configuration (N,N,,Q,Q) and CodebookConfig=2/3/4).

Bit width
Field 8/12/16/20/24/28/32 antenna ports
Rank = Rank = Rank = Rank = Rank = Rank = Rank = Rank =
1 2 3 4 5 6 7 8
Wide-band CQI 4 4 4 4 4 4 4 4
Spatial differential

col 0 3 3 3 3 3 3 3
W'dei'zband 6 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 except with
advancedCodebookEnabled=TRUE, transmission mode 10 configured with PMI/RI reporting with 8
antenna ports except with advancedCodebookEnabled=TRUE, transmission mode 9/10 configured
with PMI/RI reporting with 8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type
is set to ‘CLASS B’ with K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, K>1,
and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2,
and eMIMO-Type2 configured with PMI/RI reporting with 8 antenna ports, except with
alternativeCodebookEnabledCLASSB_K1=TRUE.

Bit width
Field 8 antenna ports
Rank = Rank = Rank = Rank Rank = Rank = Rank = Rank =
1 2 3 = 5 6 7 8
Wide-band CQI 4 4 4 4 4 4 4 4
Spatial differential

col 0 3 3 3 3 3 3 3
i1 3 3 1 1 2 2 2 0
Wide-band i2 1 1 3 3 0 0 0 0
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Table 5.2.3.3.1-2B-1: UCI fields for transmission of wideband CQIl and precoding information (i1) for
transmission mode 9/10 configured with PMI/RI reporting with 4/8 antenna ports and higher layer
parameters semiOpenLoop and eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K=1 and

except with alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, with
alternativeCodeBookEnabledFor4TX-r12=TRUE.

Bit width
Field 4 antenna ports 8 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank =2
Wide-band CQI 4 4 4 4
Spatial differential CQI 0 3 0 3
i1 2 2 3 3

Table5.2.3.3.1-2C and Table 5.2.3.3.1-2D show the fields and the corresponding bit widths for the channel quality and
precoding matrix information feedback for wideband reports for PDSCH transmissions for 4 antenna ports associated
with transmission modes 8, 9 and 10 configured with PMI/RI reporting and alter nativeCodeBookEnabledFor4TX-
r12=TRUE except with advancedCodebookEnabled=TRUE, transmission mode 9/10 configured with PMI/RI reporting
and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’ with 4 antenna ports with K=1 and
except with alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, and alter nativeCodeBookEnabledFor4TX-
r12=TRUE, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and
eMIMO-Type2 configured with PMI/RI reporting with 4 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE, and alter nativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.1-2E shows the fields and the corresponding bit widths for the channel quality and precoding matrix
information feedback for wideband reports for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type
isset to ‘CLASS B’ with K=1 and alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10
configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI
reporting with 2/4/8 antenna ports with alter nativeCodebookEnabledCLASSB_K1=TRUE.

Table 5.2.3.3.1-2C: 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 except with advancedCodebookEnabled=TRUE, and
transmission mode 9/10 configured with 4 antenna ports and higher layer parameter eMIMO-Type,
and eMIMO-Type is set to ‘CLASS B’ with K=1 and except with
alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, and alternativeCodeBookEnabledFor4TX-
r12=TRUE, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 4 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE, and alternativeCodeBookEnabledFor4TX-

r12=TRUE)
Bit width
Field 4 antenna ports
Rank =1 Rank =2 Rank =3 Rank =4
Wide-band CQI 4 4 4 4
Spatial differential CQI 0 3 3 3
Wideband i2 4 4 4 4
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Table 5.2.3.3.1-2D: UCI fields for transmission of wideband CQI and precoding information (i1, i2)
with 4 antenna ports (transmission modes 8, 9 and 10 configured with PMI/RI reporting, 4 antenna
ports and alternativeCodeBookEnabledFor4TX-r12=TRUE except with
advancedCodebookEnabled=TRUE, and transmission mode 9/10 configured with 4 antenna ports
and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K=1 and except
with alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, and alternativeCodeBookEnabledFor4TX-
r12=TRUE, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 4 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE, and alternativeCodeBookEnabledFor4TX-

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

Wide-band CQI 4 4 4
Spatial differential CQI 0 3 3 3
i1 2 2 0 0
Wideband i2 2 2 4 4

Table 5.2.3.3.1-2E: UCI fields for transmission of wideband CQI and precoding information
(transmission mode 9/10 configured with PMI/RI reporting with 2/4/8 antenna ports and higher layer
parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K=1 and
alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 2/4/8 antenna ports with alternativeCodebookEnabledCLASSB_K1=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank =2 | Rank =3 | Rank =4
Wide-band CQI 4 4 4 4 4 4
Spatial differential CQI 0 3 0 3 3 3
Wide-band PMI 2 1 3 3 2 1
Bit width
Field 8 antenna ports
Rank =1 | Rank =2 | Rank =3 | Rank =4 | Rank =5to Rank = 8
Wide-band CQI 4 4 4 4 4
Spatial differential CQI 0 3 3 3 3
Wide-band PMI 4 4 4 3 0

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
‘CLASSB’, transmission mode 9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and
higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS A’ except with
advancedCodebookEnabled=TRUE, and transmission mode 9/10 configured without PMI reporting and higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’ with 2/4/8 antenna ports, transmission mode 9/10
configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI
reporting with 2/4/8 antenna ports, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type
and eMIMO-Type2, and eMIMO-Type2 is set to ‘CLASS B’ without PMI reporting with 2/4/8 antenna ports.
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Table 5.2.3.3.1-3: UCI fields for rank indication feedback for wideband reports (transmission mode 3,
transmission mode 4, transmission mode 8 configured with PMI/RI reporting, transmission mode 9
configured with PMI/RI reporting with 2/4/8 antenna ports, transmission mode 10 configured with
PMI/RI reporting with 2/4/8 antenna ports, transmission mode 9/10 configured with PMI/RI or without
PMI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is
set to ‘CLASS B’, transmission mode 9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32
antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS A’ except
with advancedCodebookEnabled=TRUE, and transmission mode 9/10 configured without PMI
reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with 2/4/8
antenna ports, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI or without PMI reporting with 2/4/8 antenna

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

Table 5.2.3.3.1-3A 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 mode 9 and transmission mode 10,
transmission mode 9/10 configured with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-
Typeissetto ‘CLASS B’ with K=1 and except with alter nativeCodebookEnabledCLASSB _K1=TRUE, and K>1, except
with alternativeCodeBookEnabledFor4TX-r12 =TRUE, and transmission mode 9/10 configured with higher layer
parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with 2/4/8 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE or alternativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.1-3A: UCI fields for joint report of Rl and il (transmission mode 9 configured with PMI/RI
reporting with 2/4/8 antenna ports except with alternativeCodeBookEnabledFor4TX-r12 =TRUE and
transmission mode 10 configured with PMI/RI reporting with 2/4/8 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12 =TRUE, transmission mode 9/10 configured with 2/4/8
antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with
K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, except with
alternativeCodeBookEnabledFor4TX-r12 =TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with 2/4/8 antenna
ports except with alternativeCodebookEnabledCLASSB_K1=TRUE or
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
" 4 antenna ports 8 antenna ports
el 2 anot:etrsma Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
P layers layers layers layers layers
Rank
indication 1 1 2 4 5 5
i1 - - -

Table 5.2.3.3.1-3B shows the fields and the corresponding bit widths for the joint transmission of rank indication and i1
for wideband reports for PDSCH transmissions associated with transmission modes 8, 9 and 10 configured with PMI/RI
reporting with 4 antenna ports and alter nativeCodeBookEnabledFor4TX-r12 =TRUE, transmission mode 9/10
configured with 4 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS B’ with
K=1 and except with alternativeCodebookEnabledCLASSB K1=TRUE, and K>1, with
alternativeCodeBookEnabledFor4TX-r12 =TRUE, and transmission mode 9/10 configured with higher layer parameter
eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with 4 antenna ports except with
alternativeCodebookEnabledCLASSB K1=TRUE, with alternativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.1-3B-1 shows the fields and the corresponding bit widths for the joint transmission of rank indication and
i1 for wideband reports for PDSCH transmissions associated with transmission modes 9 and 10 configured with PMI/RI
reporting with 4/8 antenna ports and higher layer parameters semiOpenLoop and eMIMO-Type, and eMIMO-Typeis
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set to ‘CLASS B’ with K=1 and except with alternativeCodebookEnabledCLASSB K1=TRUE, and K>1, with
alternativeCodeBookEnabledFor4TX-r12 =TRUE.

Table 5.2.3.3.1-3B: UCI fields for joint report of Rl and il with 4 antenna ports (transmission modes 8,
9 and 10 configured with PMI/RI reporting, 4 antenna ports and alternativeCodeBookEnabledFor4TX-
r12=TRUE, and transmission mode 9/10 configured with 4 antenna ports and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K=1 and except with
alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, with alternativeCodeBookEnabledFor4TX-
r12 =TRUE, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 configured with 4 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE, with alternativeCodeBookEnabledFor4TX-

r12=TRUE)
Bit width
Field 4 antenna ports
Max 1 or 2 layers Max 4 layers
Rank indication and il 4 5

Table 5.2.3.3.1-3B-1: UCI fields for joint report of Rl and i1 with 4/8 antenna ports (transmission
modes 9 and 10 configured with PMI/RI reporting and higher layer parameters semiOpenLoop and
eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K=1 and except with
alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, with alternativeCodeBookEnabledFor4TX-

r12 =TRUE)
i Bit width
Feld 4/8 antenna ports
Rank indication and il 4

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-Typeisset 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 except with activatedResources>0.

Table 5.2.3.3.1-3C: UCI fields for joint report of CRI and rank indication feedback for wideband
reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter eMIMO-
Type, and eMIMO-Type is set to ‘CLASS B’ with K>1, and transmission mode 9/10 configured without
PMI reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K>1

except with activatedResources>0)

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

Table 5.2.3.3.1-3D shows the fields and the corresponding bit widths for the joint report of CRI , rank indication and il
feedback for wideband reports for PDSCH transmissions associated with transmission mode 9/10 configured with
PMI/RI reporting with 4/8 ports, and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’ with
K>1 except with activatedResour ces>0, with alternativeCodeBookEnabledFor4TX-r12=TRUE.
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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, except with activatedResources>0)

Bit width
Field 4 antenna ports 8 antenna ports
Max 1 or 2 layers Max 4 layers M?X ok Y S Max 8
ayers layers

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

Rank |nd|i<iat|on and 4 5 4 5 5

Table 5.2.3.3.1-3E shows the fields and the corresponding bit widths for the CRI feedback for wideband reports for
PDSCH transmissions associated with transmission mode 9/10 configured with 1 antenna port for each CSI-RS
resource, Class B CSI reporting with K>1 except with activatedResources>0, and transmission mode 9/10 configured

with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to ‘CLASS B’ with K>1, where
CRI is associated with eMIMO-Type.

Table 5.2.3.3.1-3E: Fields for CRI feedback for wideband CQI reports (transmission mode 9/10
configured with 1 antenna port for each CSI-RS resource for Class B CSl reporting with K>1 except
with activatedResources>0, and transmission mode 9/10 configured with higher layer parameter
eMIMO-Type and eMIMO-Type2, and eMIMO-Type is set to ‘CLASS B’ with K>1, where CRI is
associated with eMIMO-Type)

Field Bit width
K=2 K=3and K=4 K=5t0o K=8
CRI 1 2 3

Table 5.2.3.3.1-3F shows the fields and the corresponding bit widths for the joint report of CRI and rank indication
feedback for wideband reports for PDSCH transmissions associated with transmission mode 9/10 configured with
PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’ with K>1 and with
activatedResources>1, and transmission mode 9/10 configured without PMI reporting and higher layer parameter

eMIMO-Type, and eMIMO-Typeisset to ‘CLASS B’ with K>1 and with activatedResources>1. N is the value of higher
layer parameter activatedResources.

Table 5.2.3.3.1-3F: UCI fields for joint report of CRI and rank indication feedback for wideband reports
(transmission mode 9/10 configured with PMI/RI or without PMI reporting and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K>1 and with activatedResources>1)

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

Table 5.2.3.3.1-3G shows the fields and the corresponding bit widths for the joint report of CRI, rank indication and i1
feedback for wideband reports for PDSCH transmissions associated with transmission mode 9/10 configured with
PMI/RI reporting with 4/8 ports, and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’ with
K>1 and with activatedResources>1, with alternativeCodeBookEnabledFor4TX-r12=TRUE. N is the value of higher
layer parameter activatedResources.
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Table 5.2.3.3.1-3G: UCI fields for joint report of CRI, rank indication and il feedback for wideband
reports (transmission mode 9/10 configured with PMI/RI reporting with 8 ports, and higher layer
parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K>1 and with
activatedResources>1, and transmission mode 9/10 configured with PMI/RI reporting with 4 ports
Class B CSl reporting with K>1 and with activatedResources>1 with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
Fi 4 antenna ports 8 antenna ports
ield
Max 1 or 2 Max 8
Max 1 or 2 layers Max 4 layers Max 4 layers
layers layers
CRI [10g,(N) ] [log,(N)] | [log,(N)| | [logy(N)] | [log,(N)]
Rank indiiciation and 4 5 4 5 5

Table 5.2.3.3.1-3H shows the fields and the corresponding bit widths for the CRI feedback for wideband reports for
PDSCH transmissions associated with transmission mode 9/10 configured with 1 antenna port for each CSI-RS
resource, Class B CSl reporting with K>1 and with activatedResources>1. N is the value of higher layer parameter
activatedResour ces.

Table 5.2.3.3.1-3H: Fields for CRI feedback for wideband CQI reports (transmission mode 9/10
configured with 1 antenna port for each CSI-RS resource for Class B CSl reporting with K>1 and with
activatedResources>1)

) Bit width
Field =2 N=3andN=4
CRI 1 2

Parametersil,1-1,i1,2-1,i1,1-2,i1,2-2, i1,p-2 correspond to parameters iy, , I,, , d, , d,,and I, insection7.2.4
of [3].

Table5.2.3.3.1-3I and Table 5.2.3.3.1-3J show the fields and the corresponding bit widths for the joint report of rank
indication and i1,p-2 feedback for wideband reports for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting with 4/8 antenna ports and higher layer parameter
advancedCodebookEnabled=TRUE, and transmission mode 9/10 configured with PMI/RI reporting with
8/12/16/20/24/28/32 antenna ports and higher layer parameters advancedCodebookEnabled and eMIMO-Type, and
eMIMO-Typeisset to ‘CLASS A’ and advancedCodebookEnabled=TRUE.

Table 5.2.3.3.1-3I: Fields for joint report of rank indication and il,p-2 feedback for wideband reports
(transmission mode 9/10 configured with PMI/RI reporting with 4 antenna ports and higher layer
parameter advancedCodebookEnabled= TRUE)

Field Bit width
Max 1 or 2 layers | Max 4 layers
Rank indication 1 2
i1,p-2 2 2

Table 5.2.3.3.1-3J: Fields for joint report of rank indication and il,p-2 feedback for wideband reports
(transmission mode 9/10 configured with PMI/RI reporting with 8 antenna ports and higher layer
parameter advancedCodebookEnabled= TRUE, and transmission mode 9/10 configured with PMI/RI
reporting with 8/12/16/20/24/28/32 antenna ports, and higher layer parameters
advancedCodebookEnabled and eMIMO-Type, and eMIMO-Type is set to ‘CLASS A’ and
advancedCodebookEnabled=TRUE)

Field Bit width
Max 1 or 2 layers | Max 4 layers | Max 8 layers
Rank indication 1 2 3
i1,p-2 2 2 2
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Table 5.2.3.3.1-4 shows the fields and the corresponding bit widths for the precoding matrix information feedback for
wideband reports for PDSCH transmissions associated with transmission mode 9/10 configured with PMI/RI reporting
with 8/12/16/20/24/28/32 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS
A,

For Table 5.2.3.3.1-4, 5.2.3.3.1-4B, 5.2.3.3.1-4C, 5.2.3.3.1-4D, the parameters (Sl, SZ) inrank 1 and rank 2 are
defined as (S;,'S,)=(1,1) for CodebookConfig=1 and (S, S, ) = (2, 2) for CodebookConfig =2,3 and 4. The

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

O O
for CodebookConfig=2, (S;, S, )= (Ol : 72] for CodebookConfig=3, (S,,S, )= (Ol : TZJ for

CodebookConfig=4. The parameters (S;, S, ) inrank 5 to 8 are defined as (S;, S, ) = (1, 1) for CodebookConfig=1,

O O :
(S..S,)= (Zl ,sz for CodebookConfig=2/3/4. The parameters (L, L, ) are defined as L, = min{4, N, } and
L,=2for N,>N,and N, #1, L, =2 and L, =min{4,N,} for N, < N, and N, #1, L, = min{8,N, }
and L, =1for N, =1.

Table 5.2.3.3.1-4: UCI fields for channel quality information feedback for precoding information (il1)
(transmission mode 9/10 configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set
to ‘CLASS A’ with codebook configuration (N,N,Q,Q), except with

advancedCodebookEnabled=TRUE)

Field Bit width
Rank =1 Rank =2 Rank =3 Rank =4
Wideband 3 N,O, 9-N
ﬁrsig_lj_Ml |7|092(Nlollsl)—| (Iogz(NlOl/Slﬂ LOQZ[’\?X[ZJ{QSI\‘ZDJ—‘ (Iog{ S X[ZJ{SZJM
Wideband
first F;Ml ﬂng(NzOz/Szﬂ ﬂng(NzOz/Szﬂ ﬂng(NzOz/Szﬂ (|ng(N202/Sz)-‘
i1,
Field Bit width
Rank =5 Rank =6 Rank =7 Rank =8
Wideband
first PMI (Ing(Niollsl)-‘ ’_IogZ(NlOl/S.lﬂ ’_IogZ(NlOl/S.lﬂ ’_IogZ(NlOl/S.lﬂ
i1,1
Wideband
ﬁr?ile |7|092(N202/Sz)—| |V|ng(N202/Sz)—| |7|092(N202/Sz)—| |V|ng(N202/Sz)—|
11,

Table5.2.3.3.1-4A, Table 5.2.3.3.1-4B and Table 5.2.3.3.1-4C show the fields and the corresponding bit widths for the
precoding matrix information feedback for wideband reports for PDSCH transmissions associated with transmission
mode 9/10 configured with PMI/RI reporting with 4/8 antenna ports and higher layer parameter
advancedCodebookEnabled=TRUE , and transmission mode 9/10 configured with PMI/RI reporting with
8/12/16/20/24/28/32 antenna ports and higher layer parameters advancedCodebookEnabled and eMIMO-Type, and
eMIMO-Typeisset to ‘CLASS A’ and advancedCodebookEnabled=TRUE.

Table 5.2.3.3.1-4A: UCI fields for channel quality information feedback for precoding information (il)
(transmission mode 9/10 configured with PMI/RI reporting with 4 antenna ports and higher layer
parameter advancedCodebookEnabled=TRUE)

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

Field Rank=1 |
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Wideband
first PMI
i1,1-1

Wideband
first PMI
i1,2-1

Wideband
first PMI
i1,1-2

Wideband
first PMI
i1,2-2

Table 5.2.3.3.1-4B: UCI fields for channel quality information feedback for precoding information (il)
(transmission mode 9/10 configured with PMI/RI reporting with 8 antenna ports and higher layer
parameter advancedCodebookEnabled=TRUE)

Bit width
Field Rank = 1 Rank = 2 Rar;k = Rizk Rarslk = Rargk = Rar;k = Rar;k =
Wg’;*f?ﬂ_filfst [log,(N,O)] | [log,(N,O) ]| 2 2 2 2 2 0
WE&?‘?‘{"‘;T‘ 0 0 0 0 0 0 0 0
W5t | Tiog,(L)] [log, (L,)] 0 0 0 0 0 0
WL‘,’&?‘}"{‘,‘;_ﬁ;St 0 0 0 0 0 0 0 0

Table 5.2.3.3.1-4C: UCI fields for channel quality information feedback for precoding information (il)
(transmission mode 9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and
higher layer parameters advancedCodebookEnabled and eMIMO-Type, and
advancedCodebookEnabled=TRUE and eMIMO-Type is set to ‘CLASS A’ with codebook

configuration (N,N,Q,0))

Bit width

Field

Rank =1

Rank =2

Rank =3

Rank =4

Wideband
first PMI
i1,1-1

[log,(N,0,)]

[log,(N,0,)]

)

o225

Wideband
first PMI
i1,2-1

|7| ogZ ( NZOZ )—|

|7| ogZ ( NZOZ )—|

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

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

Wideband
first PMI
i1,1-2

[log,(L,)]

[log,(L,)]

Wideband
first PMI
i1,2-2

[log,(L,)]

[log,(L,)]

Field

Bit width

Rank =5

Rank =6 |

Rank =7

Rank =8
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Wideband
fst PMI [10g,(N;0,/8)] | [1og,(N,0, /)] [log,(N,0, /)] [log,(N,0, /)]
11,1-
Wideband
ﬁ'_'itng\-/” |V|ng(N202/Sz)—| |7|092(N202/52)—| |7|092(N202/52)—| |7|092(N202/52)—|
i1,2-
Wideband
first PMI 0 0 0 0
i1,1-2
Wideband
first PMI 0 0 0 0
i1,2-2

Table 5.2.3.3.1-4D shows the fields and the corresponding bit widths for the joint transmission of i1 and rank indication
for wideband reports for PDSCH transmissions associated with transmission mode 9/10 configured with higher layer
parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeisset to ‘CLASS A’ with 8/12/16/20/24/28/32 antenna
ports and eMIMO-Type2 isset to ‘CLASS B’, where il and rank indication are associated with Class A.

Table 5.2.3.3.1-4D: UCI fields for channel quality information feedback for report of i1 and rank
indication feedback (transmission mode 9/10 configured with higher layer parameter eMIMO-Type
and eMIMO-Type2, and eMIMO-Type is set to ‘CLASS A’ with codebook configuration (N,N,,Q,0),

where iland rank indication are associated with Class A)

Bit width
Field Max 1 or 2 layers Max 4 or 8 layers
Rank =1 Rank =1 Rank =3
Wideband
frst P llog, (N,0, /5] [log,(N,0, /5] P%[N;Ol{zﬂg_smm
i1,1
Wideband
firs_;F;MI |7|092(N202/52)—| |7|092(N202/52)—| |7|092(N202/52)—|
11,
RI 0 1

The channel quality bitsin Table 5.2.3.3.1-1 through Table 5.2.3.3.1-4C form the bit sequence a,,a;,a,,as,...,851
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 correspondsto MSB and the last bit LSB. The RI feedback for one bit is mapped according to Table

RI

5.2.2.6-5with of replaced by a,. The Rl feedback for two bitsis mapped according to Table 5.2.2.6-6 with of , of

replaced by a,,a, . The RI feedback for three bitsis mapped according to Table 5.2.2.6-7 with of , ol , o} replaced

by &,,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 5.2.3.3.1-3B-1, Table 5.2.3.3.1-3C, Table 5.2.3.3.1-3D, Table
5.2.3.3.1-3F, Tables 5.2.3.3.1-3G, 5.2.3.3.1-3I, 5.2.3.3.1-3J and Table 5.2.3.3.1-4D is performed assuming RI
transmission in section 5.2.2.6. All other transmission configurations in this section are coded and multiplexed
assuming CQI/PMI transmission in section 5.2.2.6.

For transmission mode 9/10 configured with Class B CSl reporting and K>1, the number of antenna port in Table
5.2.3.3.1-3C, 5.2.3.3.1-3D refers to the maximum number of antenna ports of K CSI-RS resources configured for the
CSl-process for the UE.

For transmission mode 9/10 configured with Class B CSl reporting and K>1 and with humber ActivatedCS -RS-
Resource>1, the number of antenna port in Table 5.2.3.3.1-3F, 5.2.3.3.1-3G refers to the maximum number of antenna
ports of N CSI-RS resources activated for the CSI-process for the UE.

ETSI




3GPP TS 36.212 version 14.4.0 Release 14 129 ETSI TS 136 212 V14.4.0 (2017-10)

5.2.3.3.2 Channel quality information formats for UE-selected sub-band reports

Table 5.2.3.3.2-1 shows the fields and the corresponding bit widths for the sub-band channel quality information
feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 1, transmission
mode 2, transmission mode 3, transmission mode 7, transmission mode 8 configured without PMI/RI reporting,
transmission mode 9 configured without PMI/RI reporting or configured with 1 antenna port, transmission mode 10
configured without PMI/RI reporting or configured with 1 antenna port, and transmission mode 9/10 configured with
higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 is set to ‘CLASS B’ configured without
PMI/RI reporting or configured with 1 antenna port.

Table 5.2.3.3.2-1A shows the fields and the corresponding bit widths for the sub-band channel quality information
feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9/10
configured without PMI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS B’ with
2/4/8 antenna ports, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-
Type2, and eMIMO-Type2 isset to ‘CLASS B’ configured without PMI reporting with 2/4/8 antenna ports.

Table 5.2.3.3.2-1: UCI fields for channel quality information feedback for UE-selected sub-band CQI
reports (transmission mode 1, transmission mode 2, transmission mode 3, transmission mode 7,
transmission mode 8 configured without PMI/RI reporting, transmission mode 9 configured without
PMI/RI reporting or configured with 1 antenna port, transmission mode 10 configured without PMI/RI
reporting or configured with 1 antenna port, transmission mode 9/10 configured without PMI/RI with
higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’, and transmission mode
9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 is set
to ‘CLASS B’ configured without PMI/RI reporting or configured with 1 antenna port)

Field Bit width
Sub-band CQI 4
Sub-band label lor?2

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, and transmission mode
9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 is set
to ‘CLASS B’ configured without PMI reporting with 2/4/8 antenna ports)

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

Table 5.2.3.3.2-2 shows the fields and the corresponding bit widths for the sub-band channel quality information
feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 4, transmission
mode 5, transmission mode 6, and transmission mode 8 configured with PMI/RI reporting except with

alter nativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.2-2: UCl fields for channel quality information feedback for UE-selected sub-band
reports (transmission mode 4, transmission mode 5, transmission mode 6 and transmission mode 8
configured with PMI/RI reporting except with alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank >1
Sub-band CQI 4 4 4 4
Spatial differential CQI 0 3 0 3
Sub-band label lor2 lor2 lor2 lor2

Table 5.2.3.3.2-2A 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-
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r12=TRUE, and transmission mode 10 configured with PMI/RI reporting with 2/4/8 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 9/10 configured with PMI/RI reporting with 2/4/8
antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS B’ with K=1 and except
with alternativeCodebookEnabledCLASSB_K1=TRUE, or K>1, except with alternativeCodeBookEnabledFor4TX-
r12=TRUE, transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and
eMIMO-Type2 configured with PMI/RI reporting with 2/4/8 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE or alternativeCodeBookEnabledFor4TX-r12=TRUE. The number of
configured CSI-RS resourcesin a CSl processK is defined in [3] and alternativeCodebookEnabledCLASSB K1 is
configured by higher layers[6].

Table 5.2.3.3.2-2A-1 shows UCI fields for channel quality information feedback for UE-selected sub-band reports
(transmission mode 9/10 configured with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-
Typeissetto ‘CLASS B’ with K=1 and alter nativeCodebookEnabledCLASSB_K1=TRUE, transmission mode 9/10
configured without PMI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS B’ with
2/4/8 antenna ports, transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2,
and eMIMO-Type2 isset to ‘CLASS B’ configured without PMI reporting with 2/4/8 antenna ports.

Table 5.2.3.3.2-2C shows the fields and the corresponding bit widths for the sub-band channel quality information
feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission modes 8, 9 and 10
configured with PMI/RI reporting and alter nativeCodeBookEnabledFor4TX-r12 = TRUE, transmission mode 9/10
configured with PMI/RI reporting with 4 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis
set to ‘CLASS B’ with K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and with
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with higher layer parameter
eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 4 antenna ports except
with alternativeCodebookEnabledCLASSB_K1=TRUE , and with alter nativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.2-2A: UCI fields for channel quality information feedback for UE-selected sub-band
reports (transmission mode 9 configured with PMI/RI reporting with 2/4 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 10 configured with PMI/RI
reporting with 2/4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE, and
transmission mode 9/10 configured with 2/4 antenna ports and higher layer parameter eMIMO-Type,
and eMIMO-Type is set to ‘CLASS B’ with K=1 and except with
alternativeCodebookEnabledCLASSB_K1=TRUE, K>1 except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 2/4 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE or
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank=1 | Rank =2 | Rank=1 | Rank>1
Wide-band CQI 0 0 0 0
Sub-band CQI 4 4 4 4
Spatial differential CQI 0 3 0 3
Wide-band i2 0 0 0 0
Sub-band i2 0 0 0 0
Sub-band label lor2 lor2 lor2 lor2
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Table 5.2.3.3.2-2A-1: UCI fields for channel quality information feedback for UE-selected sub-band
reports (transmission mode 9/10 configured with 2/4/8 antenna ports and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K=1 and
alternativeCodebookEnabledCLASSB_K1=TRUE, transmission mode 9/10 configured without PMI
reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with 2/4/8
antenna ports, and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type2 is set to ‘CLASS B’ configured without PMI reporting with 2/4/8
antenna ports)

Bit width

Field 2/4/8 antenna ports

Rank =1 | Rank >1
Wide-band CQI 0 0
Sub-band CQI 4 4
Spatial differential CQI 0 3
Wide-band i2 0 0
Sub-band i2 0 0

Sub-band label lor2 lor2

Table 5.2.3.3.2-2B: UCI fields for channel quality feedback for UE-selected sub-band reports
(transmission mode 9 configured with PMI/RI reporting with 8 antenna ports, transmission mode 10
configured with PMI/RI reporting with 8 antenna ports, and transmission mode 9/10 configured with 8
antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with
K=1 except with alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, and transmission mode
9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2
configured with PMI/RI reporting with 8 antenna ports except with
alternativeCodebookEnabledCLASSB_K1=TRUE)

Bit width
Field 8 antenna ports
Rank =1 Rank =2, 3 Rank =4 Rank =5, 6, 7 Rank =8
PTI=0 | PTI=1 | PTI=0 | PTI=1 | PTI=0 | PTI=1 | PTI=0 | PTI=1 | PTI=0 | PTI=1
Wide-band CQI 4 0 4 0 4 0 4 0 4 0
Sub-band CQI 0 4 0 4 0 4 0 4 0 4
Spatial differential CQI 0 0 3 3 3 3 3 3 3 3
Wide-band i2 4 0 4 0 3 0 0 0 0 0
Sub-band i2 0 4 0 2 0 2 0 0 0 0
Sub-band label 0 1lor2 0 lor2 0 lor2 0 lor2 0 lor2

Table 5.2.3.3.2-2C: UCI fields for channel quality feedback for UE-selected sub-band reports with 4
antenna ports (transmission modes 8, 9 and 10 configured with PMI/RI reporting, 4 antenna ports and
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with 4
antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with
K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, with
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 4 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE, and with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

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

PTI=0 | PTI=1 | PTI=0 | PTI=1 PTI=1 PTI=1
Wide-band CQI 4 0 4 0 0 0
Sub-band CQI 0 4 0 4 4 4
Spatial differential CQI 0 0 3 3 3 3
Wide-band i2 4 0 4 0 0 0
Sub-band i2 0 4 0 2 2 2

Sub-band label 0 lor2 0 lor2 lor2 lor2
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Table 5.2.3.3.2-2D shows the fields and the corresponding bit widths for the sub-band channel quality information
feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting and higher layer parameters semiOpenLoop and eMIMO-Type, and eMIMO-Type is
set to ‘CLASS B’ with 2/4 antenna ports, and K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE,
and K>1, except with alternativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.2-2D: UCI fields for channel quality information feedback for UE-selected sub-band
reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer parameters
semiOpenLoop and eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with 2/4 antenna ports, and
K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, except with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

. Bit width
S Rank =1 | Rank =2

Wide-band CQI 0 0
Sub-band CQI 4 4
Spatial differential CQI 0 3
Wide-band i2 0 0
Sub-band i2 0 0

Sub-band label lor2 lor2

Table 5.2.3.3.2-2E shows the fields and the corresponding bit widths for the sub-band channel quality information
feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting and higher layer parameters semiOpenLoop and eMIMO-Type, and eMIMO-Typeis
set to ‘CLASS B’ with 4/8 antenna ports, and K=1 and except with alter nativeCodebookEnabledCLASSB_K1=TRUE,
and K>1, with alter nativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with PMI/RI
reporting and higher layer parameters semiOpenLoop and eMIMO-Type, and eMIMO-Typeissetto ‘CLASSA’.

Table 5.2.3.3.2-2E: UCI fields for channel quality information feedback for UE-selected sub-band
reports (transmission mode 9/10 configured with PMI/RI reporting and higher layer parameters
semiOpenLoop and eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with 4/8 antenna ports, and
K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, with
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with PMI/RI
reporting and higher layer parameters semiOpenLoop and eMIMO-Type, and eMIMO-Type is set to

‘CLASS A)
. Bit width
Pl Rank =1 Rank =2
PTI=0 | PTI=1 | PTI=0 | PTI=1
Wide-band CQI 4 0 4 0
Sub-band CQI 0 4 0 4
Spatial differential CQI 0 0 3 3
Wide-band i2 0 0 0 0
Sub-band i2 0 0 0 0
Sub-band label 0 lor2 0 lor2

Table 5.2.3.3.2-3 shows the fields and the corresponding bit widths for the wide-band channel quality and precoding
matrix information feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission
mode 4, transmission mode 5, transmission mode 6 and transmission mode 8 configured with PMI/RI reporting except
with alternativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.2-3: UCl 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
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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-selected sub-band reports for PDSCH transmissions
associated with transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 10 configured with PMI/RI reporting with 2/4/8
antenna ports except with alter nativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured
with PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Typeis set to
‘CLASS B’ with K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 9/10 configured with higher layer parameter
eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting with 2/4/8 antenna ports except
with alternativeCodebookEnabledCLASSB_K1=TRUE or alternativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.2-3A-1 shows the fields and the corresponding bit widths for the wide-band channel quality and precoding
matrix information feedback for UE-sel ected sub-band reports for PDSCH transmissions associated with transmission
maode 9/10 configured with PMI/RI reporting with 2/4/8 antenna ports and higher layer parameter eMIMO-Type, and
eMIMO-Typeissetto ‘CLASS B’ with K=1 and alter nativeCodebookEnabledCLASSB_K1=TRUE, and transmission
mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured
with PMI/RI reporting with 2/4/8 antenna ports with alter nativeCodebookEnabledCLASSB_K1=TRUE.

Table 5.2.3.3.2-3A-2 shows the fields and the corresponding bit widths for the wide-band channel quality feedback for
UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9/10 configured with
PMI/RI reporting and higher layer parameters semiOpenLoop and eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’
with 2/4 antenna ports, and K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, except
with alternativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.2-3C shows the fields and the corresponding bit widths for the wide-band channel quality and precoding
matrix information feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission
modes 8, 9 and 10 configured with PMI/RI reporting, 4 antenna ports and 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-Typeisset to ‘CLASS B’ with K=1 and except with
alternativeCodebookEnabledCLASSB K1=TRUE, K>1 with alternativeCodeBookEnabledFor4TX-r12=TRUE,
transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2
configured with PMI/RI reporting with 4 antenna ports except with alternativeCodebookEnabledCLASSB K1=TRUE,
with alternativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.2-3C-1 shows the fields and the corresponding bit widths for the wide-band channel quality and precoding
meatrix information feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission
mode 9/10 configured with higher layer parameters semi OpenLoop and eMIMO-Type, and eMIMO-Typeis set to
‘CLASS B’ with 4/8 antenna ports, and K=1 and except with alter nativeCodebookEnabledCLASSB_K1=TRUE, and
K>1, with alter nativeCodeBookEnabledFor4TX-r12=TRUE.

Table 5.2.3.3.2-3A: UCI fields for wide-band channel quality and precoding matrix information
feedback for UE-selected sub-band reports (transmission mode 9 configured with PMI/RI reporting
with 2/4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission
mode 10 configured with PMI/RI reporting with 2/4 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 9/10 configured with PMI/RI
reporting with 2/4 antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to
‘CLASS B’ with K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, except
with alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with
higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI
reporting with 2/4 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE or
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank=1 | Rank=2 | Rank =1 | Rank > 1
Wide-band CQI 4 4 4 4
Spatial differential CQI 0 3 0 3
i1 0 0 0 0
Wide-band i2 2 1 4 4

ETSI



3GPP TS 36.212 version 14.4.0 Release 14 134 ETSI TS 136 212 V14.4.0 (2017-10)

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, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
with 2/4/8 antenna ports with alternativeCodebookEnabledCLASSB_K1=TRUE)

Bit width
Field 2 antenna ports 4 antenna ports
Rank =1 | Rank =2 | Rank =1 | Rank =2 | Rank =3 | Rank =4
Wideband CQI 4 4 4 4 4 4
Spatial differential CQI 0 3 0 3 3 3
i1 0 0 0 0 0 0
Wide-band i2 2 1 3 3 2 1
Bit width
Field 8 antenna ports
Rank =1 | Rank =2 | Rank =3 | Rank =4 Rank =5~8
Wideband CQI 4 4 4 4 4
Spatial differential CQI 0 3 3 3 3
i1 0 0 0 0 0
Wide-band i2 4 4 4 3 0

Table 5.2.3.3.2-3A-2: UCI fields for wide-band channel quality feedback for UE-selected sub-band
reports (transmission mode 9/10 configured with higher layer parameters semiOpenLoop and
eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with 2/4 antenna ports, and K=1 and except with
alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, except with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
Field Rank =1 Rank =2
Wideband CQI 4 4
Spatial differential CQI 0 3
Precoding matrix indicator 0 0

Table 5.2.3.3.2-3B: UCI fields for wide-band channel quality and precoding matrix information
feedback for UE-selected sub-band reports (transmission mode 9 configured with PMI/RI reporting
with 8 antenna ports and transmission mode 10 configured with PMI/RI reporting with 8 antenna
ports, and transmission mode 9/10 configured with PMI/RI reporting with 8 antenna ports and higher
layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K=1 and except with
alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, and transmission mode 9/10 configured with
higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI
reporting with 8 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE)

Bit width
. 8 antenna ports
Al Rank =1 Rank =2 Rank =3
PTI=0 | PTI=1 | PTI=0 | PTI=1 | PTI=0 | PTI=1
Wide-band CQI 0 4 0 4 0 4
Spatial differential CQI 0 0 0 3 0 3
i1 4 0 4 0 2 0
Wide-band i2 0 4 0 4 0 4
Bit width
Field 8 antenna ports
Rank =4 Rank =5, 6, 7 Rank =8
PTI=0 | PTI=1 | PTI=0 | PTI=1 | PTI=0 | PTI=1
Wide-band CQI 0 4 0 4 0 4
Spatial differential CQI 0 3 0 3 0 3
i1 2 0 2 0 0 0
Wide-band i2 0 3 0 0 0 0
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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,) aredefined 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, ) inrank 3 and 4 are defined as

(S.,S,)= % ,%) for CodebookConfig =2, (S;, S, )= (Ol , %j for CodebookConfig =3,

O
(S.,S,)=| 0, sz for CodebookConfig =4. The parameters (S;, S, ) in rank 5 to 8 are defined as
O O
(S.,S,)= 71 ,sz for CodebookConfig =2/3/4.

Table 5.2.3.3.2-3B-3 shows the fields and the corresponding bit widths for the wide-band channel quality and precoding
matrix information feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission
mode 9/10 configured with higher layer parameters semiOpenLoop and eMIMO-Type, and eMIMO-Typeis set to

‘CLASS A’ with CodebookConfig=1/2/3/4. The parameters (S;,'S, ) inrank 1 and rank 2 are defined as
(S.,S,)=(1,1) for CodebookConfig=1 and (S,,S, ) = (2, 2) for CodebookConfig =2, 3 and 4.
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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,0)

, and CodebookConfig=1)

Bit width
8/12/16/20/24/28/32 antenna ports
Field Rank =1 Rank =2 Rank =3
PTI=0 PTI=1 PTI=0 PTI=1 PTI=0 PTI=1
Wide-
band COI 0 4 0 4 0 4
Spatial
differential 0 0 0 3 0 3
CQl
Wideband
first PMI P Og[quj—‘ 0 {Iog{ Nlo]_]—‘ 0 (IOQZ(WX[ZJ{Q_BNZJJN 0
i1,1 S S S
Wideband
first PMI Iog('\EQJ 0 (Iogz( Nzozﬂ 0 Iog('\EQJ 0
i1,2 S S S
Wide-
band i2 0 2 0 2 0 1
Bit width
8/12/16/20/24/28/32 antenna ports
Field Rank =4 Rank =5to Rank =8
PTI=0 PTI=1 PTI=0 PTI=1
Wide-
band CQI 0 4 0 4
Spatial
differential 0 3 0 3
CQl
Wideband _
first PMI (Iogz[Nlol x[ﬂf NZJm 0 Po NQﬂ 0
i1,1 S 8 S
Wideband
first PMI Iog(mﬂ 0 (Io N‘Qﬂ 0
i1,2 S S
Wide-
band i2 0 L 0 0
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Table 5.2.3.3.2-3B-2: UCl fields for wide-band channel quality and precoding matrix information
feedback for UE-selected sub-band reports (transmission mode 9/10 configured with higher layer
parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS A’ with codebook configuration
(N,N,,Q,0), and CodebookConfig=2/3/4)

Bit width
8/12/16/20/24/28/32 antenna ports
Field Rank =1 Rank =2 Rank =3
_ PTI= _ _ _ _
PTI=0 1 PTI=0 PTI=1 PTI=0 PTI=1
Wide-
band CO 0 4 0 4 0 4
Spatial
differentia 0 0 0 3 0 3
| CQI
Wideban
d first log, NO, 0 Iog[quj 0 Iogz(Nlolx[2+f—N2JjJ 0
PMIi1,1 S S St 8
Wideban
N N
d first Iogz[ 20, 0 Pog{“?OZﬂ 0 log,| L 0
PMI i1,2 S 5 S
Wide-
band i2 0 4 0 4 0 4
Bit width
8/12/16/20/24/28/32 antenna ports
Field Rank = 4 Rank =5to Rank =8
PTI=0 PTl': PTI=0 PTI=1
Wide-
band CQI 0 4 0 4
Spatial
differentia 0 3 0 3
| CQI
Wideban
d first POQ{N@ x[hf‘;‘zﬁﬂ 0 (Iogz[ quﬂ 0
PMI 1,1 S S
Wideban
d first {Iogz( Nzozﬂ 0 (I%[Nzozj 0
PMIi1,2 S, 5
Wide-
band i2 0 3 0 0
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Table 5.2.3.3.2-3B-3: UClI fields for wide-band channel quality and precoding matrix information
feedback for UE-selected sub-band reports (transmission mode 9/10 configured with higher layer
parameters semiOpenLoop and eMIMO-Type, and eMIMO-Type is set to ‘CLASS A’ with codebook

configuration (N,N,,Q,Q), and CodebookConfig=1/2/3/4)

Bit width
8/12/16/20/24/28/32 antenna ports

Field Rank =1 Rank =2

PTI=0 PTI=1 | PTI=0 | PTI=1

Wide-band CQI 4 0 4
Spatial differential CQI 0 0 3

Wideband first PMI i1,1 ’7|OQ(NQJ—‘ 0 {Io{mﬂ 0
S S

Wideband first PMI i1,2 P Og[j—‘ 0 (Io{quﬂ 0
S S

Wide-band i2

oo

O

o
o
o
o

Table 5.2.3.3.2-3C: UCI fields for wide-band channel quality and precoding matrix information
feedback for UE-selected sub-band reports with 4 antenna ports (transmission modes 8, 9 and 10
configured with PMI/RI reporting and alternativeCodeBookEnabledFor4TX-r12=TRUE, and
transmission mode 9/10 configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set
to ‘CLASS B’ with K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1,
with alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with
higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI
reporting with 4 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE, with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
Field 4 antenna ports
Rank =1 Rank =2 Rank =3 | Rank=4
PTI=0 | PTI=1 | PTI=0 | PTI=1 PTI=1 PTI=1
Wide-band CQI 0 4 0 4 4 4
Spatial differential CQI 0 0 0 3 3 3
i1 4 0 4 0 0 0
Wide-band i2 0 4 0 4 4 4

Table 5.2.3.3.2-3C-1: UCI fields for wide-band channel quality and precoding matrix information
feedback for UE-selected sub-band reports with 4/8 antenna ports (transmission mode 9/10
configured with higher layer parameters semiOpenLoop and eMIMO-Type, and eMIMO-Type is set to
‘CLASS B’ with K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, and K>1, with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

. Bit width
Al Rank =1 Rank =2
PTI=0 | PTI=1 | PTI=0 | PTI=1
Wide-band CQI 0 4 0 4
Spatial differential CQI 0 0 0 3
il 4 0 4 0
Wide-band i2 0 0 0 0

Table 5.2.3.3.2-4 shows the fields and the corresponding bit width for the rank indication feedback for UE-selected sub-
band reports for PDSCH transmissions associated with transmission mode 3, transmission mode 4, transmission mode 8
configured with PMI/RI reporting except with alternativeCodeBookEnabledFor4TX-r 12=TRUE, transmission mode
9/10 configured with PMI/RI reporting with 2/4/8 antenna ports with higher layer parameter eMIMO-Type, and
eMIMO-Typeisset to ‘CLASS B’ with K=1 and alter nativeCodebookEnabledCLASSB_K1=TRUE, transmission mode
9/10 configured without PMI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASSB’
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with K=1 and alter nativeCodebookEnabledCLASSB_K1=TRUE for 2/4/8 antenna ports, transmission mode 9/10
configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI
reporting with 2/4/8 antenna ports with alter nativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10
configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured without PMI
reporting with alternativeCodebookEnabledCLASSB_K1=TRUE for 2/4/8 antenna ports.

Table 5.2.3.3.2-4: UCI fields for rank indication feedback for UE-selected sub-band reports
(transmission mode 3, transmission mode 4, and transmission mode 8 configured with PMI/RI
reporting except with alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 9/10

configured with PMI/RI or without PMI reporting with 2/4/8 antenna ports with higher layer parameter
eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K=1 and
alternativeCodebookEnabledCLASSB_K1=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI or without
PMI reporting with 2/4/8 antenna ports with alternativeCodebookEnabledCLASSB_K1=TRUE)

Bit width
. 4 antenna ports 8 antenna ports
FIEld 2 anc;[retr;na Max 1 or 2 Max 4 Max 1 or 2 Max 4 Max 8
P layers layers layers layers layers
_ Rank 1 1 2 1 2 3
indication

Table 5.2.3.3.2-4A shows the fields and the corresponding bit width for the rank indication and precoder type indication
(PTI) feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9
configured with PMI/RI reporting with 2/4/8 antenna ports and transmission mode 10 configured with PMI/RI reporting
with 2/4/8 antenna ports, and transmission mode 9/10 configured with PMI/RI reporting with 2/4/8 antenna ports and
higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’ with K=1 and except with
alternativeCodebookEnabledCLASSB_K1=TRUE, or K>1, except with alternativeCodeBookEnabledFor4TX-
r12=TRUE for 4Tx, transmission mode 9/10 configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports
and higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS A’, and transmission mode 9/10
configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI
reporting with 2/4/8 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE.

Table 5.2.3.3.2-4B shows the fields and the corresponding bit width for the rank indication and precoder type indication
(PTI) feedback with 4 antenna ports for UE-sel ected sub-band reports for PDSCH transmissions associated with
transmission mode 8, transmission mode 9 and transmission mode 10 configured with PMI/RI reporting and
alternativeCodeBookEnabledFor4TX-r12 = TRUE, transmission mode 9/10 configured with PMI/RI reporting and
higher layer parameter eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’ with K=1 and except with
alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, with alternativeCodeBookEnabledFor4TX-r12=TRUE, and
transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2
configured with PMI/RI reporting except with alternativeCodebookEnabledCLASSB_K1=TRUE, with
alternativeCodeBookEnabledFor4TX-r12=TRUE.
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Table 5.2.3.3.2-4A: UCI fields for joint report of Rl and PTI (transmission mode 9 configured with
PMI/RI reporting with 2/4/8 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE,
transmission mode 10 configured with PMI/RI reporting with 2/4/8 antenna ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 9/10 configured with PMI/RI
reporting with 2/4/8 antenna ports with higher layer parameter eMIMO-Type, and eMIMO-Type is set
to ‘CLASS B’ with K=1 and except with alternativeCodebookEnabledCLASSB_K1=TRUE, or K>1,
except with alternativeCodeBookEnabledFor4TX-r12=TRUE for 4Tx, transmission mode 9/10
configured with PMI/RI reporting with 8/12/16/20/24/28/32 antenna ports and higher layer parameter
eMIMO-Type, and eMIMO-Type is set to ‘CLASS A’, and transmission mode 9/10 configured with
higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI
reporting with 2/4/8 antenna ports except with alternativeCodebookEnabledCLASSB_K1=TRUE)

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

Table 5.2.3.3.2-4B: UCI fields for joint report of Rl and PTI with 4 antenna ports (transmission mode 8,
transmission mode 9 and transmission mode 10 configured with PMI/RI reporting and
alternativeCodeBookEnabledFor4TX-r12=TRUE, transmission mode 9/10 configured with PMI/RI
reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K=1 and
except with alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, with
alternativeCodeBookEnabledFor4TX-r12=TRUE, and transmission mode 9/10 configured with higher
layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type2 configured with PMI/RI reporting
except with alternativeCodebookEnabledCLASSB_K1=TRUE, with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
Field 4 antenna ports
Max 1 or 2 layers | Max 4 layers
Rank indication 1 2
Precoder type indication 1 1

Table 5.2.3.3.2-4C shows the fields and the corresponding bit widths for the joint report of CRI and rank indication
feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS B’ with
K>1, and transmission mode 9/10 configured without PM1 reporting with 2/4 antenna ports and higher layer parameter
eMIMO-Type, and eMIMO-Typeis set to ‘CLASS B’ with K>1 except with activatedResources>0.

Table 5.2.3.3.2-4D shows the fields and the corresponding bit widths for the joint report of CRI , rank indication and
PTI feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS B’ with
K>1 except with activatedResources>0.
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Table 5.2.3.3.2-4C: UCl fields for joint report of CRI and rank indication feedback for UE-selected
subband reports (transmission mode 9/10 configured with PMI/RI reporting with 2/4 antenna ports
and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K>1, and
transmission mode 9/10 configured without PMI reporting with 2/4 antenna ports and higher layer
parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K>1 except with
activatedResources>0)

. Bit width Bit width
Field
2 antenna ports 4 antenna ports
Max 1 or 2 layers Max 4 layers Max 1 or 2 layers Max 4 layers
o [log,(K)] | [log,(K)] |  [log,(K)] | [log,(K)]
Rank indication 1 1 2 2

Table 5.2.3.3.2-4D: UCI fields for joint report of CRI, Rl and PTI (transmission mode 9/10 configured
with PMI/RI reporting with 8 antenna ports with higher layer parameter eMIMO-Type, and eMIMO-Type
is set to ‘CLASS B’ with K>1, transmission mode 9/10 configured with PMI/RI reporting with 4
antenna ports with Class B CSl reporting with K>1with alternativeCodeBookEnabledFor4TX-
r12=TRUE, except with activatedResources>0)

Bit width
Field 4 antenna ports 8 antenna ports
Max 1 or 2 layers Max 4 layers M?;ytg 2 Max 4 layers I“g?:rg
CRI [log, (K)] [log,(K)] | [log,(K)] | [log,(K)] | [log,(K)]
Rank indication 1 2 1 2 3
Precoder type 1 1 1 1 1
indication

Table 5.2.3.3.2-4E shows the fields and the corresponding bit width for CRI feedback for UE-selected sub-band reports
for PDSCH transmissions associated with transmission mode 9/10 configured with 1 antenna port for each CSI-RS
resource reporting for Class B CSI reporting with K>1 except with activatedResources>0, and transmission mode 9/10

configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to ‘CLASS B’ with
K>1, where CRI is associated with eMIMO-Type.

Table 5.2.3.3.2-4E: Fields for CRI feedback for transmission mode 9/10 configured with 1 antenna
port for each CSI-RS resource for Class B CSl reporting with K>1 except with activatedResources>0,
and transmission mode 9/10 configured with higher layer parameter eMIMO-Type and eMIMO-Type2,

and eMIMO-Type is set to ‘CLASS B’ with K>1, where CRI is associated with eMIMO-Type)

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

Table 5.2.3.3.2-4F shows the fields and the corresponding bit widths for the joint report of CRI and rank indication
feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS B’ with
K>1 and activatedResources>1, and transmission mode 9/10 configured without PMI reporting with 2/4 antenna ports
and higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS B’ with K>1 and activatedResources>1.
N isthe value of higher layer parameter activatedResources.

Table 5.2.3.3.2-4G shows the fields and the corresponding bit widths for the joint report of CRI , rank indication and
PTI feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9/10
configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Typeisset to ‘CLASS B’ with
K>1 and activatedResources>1. N is the value of higher layer parameter activatedResour ces.
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Table 5.2.3.3.2-4F: UCI fields for joint report of CRI and rank indication feedback for UE-selected
subband reports (transmission mode 9/10 configured with PMI/RI or without PMI reporting with 2/4
antenna ports and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with
K>1 and activatedResources>1)

. Bit width Bit width
Field
2 antenna ports 4 antenna ports
Max 1 or 2 layers Max 4 layers Max 1 or 2 layers Max 4 layers
CRI
[log,(N) ] [log,(N) ] [log,(N) ] [log,(N) ]
Rank indication 1 1 2 2

Table 5.2.3.3.2-4G: UCl fields for joint report of CRI, Rl and PTI (transmission mode 9/10 configured
with PMI/RI reporting with 8 antenna ports with higher layer parameter eMIMO-Type, and eMIMO-Type
is set to ‘CLASS B’ with K>1 and activatedResources>1, and transmission mode 9/10 configured with

PMI/RI reporting with 4 antenna ports with Class B CSl reporting with K>1 and with
activatedResources>1 and with alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
. 4 antenna ports 8 antenna ports

Field Max Lor2 Mox B
Max 1 or 2 layers Max 4 layers ax - or Max 4 layers ax

layers layers

CRI [log,(N) | [log,(N) | [log,(N)] | T[log,(N)] | [log,(N)]
Rank indication 1 2 1 2 3
Precoder type 1 1 1 1 1
indication

Table 5.2.3.3.2-4H shows the fields and the corresponding bit width for CRI feedback for UE-selected sub-band reports
for PDSCH transmissions associated with transmission mode 9/10 configured with 1 antenna port for each CSI-RS
resource reporting for Class B CSI reporting with K>1 and activatedResources>1. N is the value of higher layer
parameter activatedResour ces.

Table 5.2.3.3.2-4H: Fields for CRI feedback for transmission mode 9/10 configured with 1 antenna
port for each CSI-RS resource for Class B CSl reporting with K>1 and activatedResources>1)

Bit width
=2 N=3and N=4
CRI 1 2

Field

Table 5.2.3.3.1-41 shows the fields and the corresponding bit widths for the joint transmission of rank indication and i1
for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9/10 configured with
higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeissetto ‘CLASS A’ with
8/12/16/20/24/28/32 antenna ports and eMIMO-Type2 is set to ‘CLASS B’, where rank indication and i1 are associated

with Class A. The parameters (S;,'S, ) inrank 1 and rank 2 are defined as (S, S, ) = (1, 1) for CodebookConfig=1
and (S, S,)=(2, 2) for CodebookConfig =2, 3 and 4. The parameters (S, S, ) in rank 3 and 4 are defined as
Ol OZ

(S.,S,)=(1,1) for CodebookConfig=1, (S,,S, )= (7 ,7J for CodebookConfig=2, (S, S, )= (Ol , %J for

O
CodebookConfig=3, (S,, S, )= (Ol , sz for CodebookConfig=4.
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Table 5.2.3.3.2-41: UClI fields for channel quality information feedback for report of i1 and rank
indication feedback (transmission mode 9/10 configured with higher layer parameter eMIMO-Type
and eMIMO-Type2, and eMIMO-Type is set to ‘CLASS A’ with codebook configuration (N,N,,Q,0),

where il and rank indication are associated with Class A)

Bit width
Field Max 1 or 2 layers Max 4 or 8 layers
Rank = 1 Rank =1 Rank =3
Wideband
Pl | [log,(N.0,/S)] flog,(N.0, /5] o225 )
i1,1
Wideband
fst PMI [log,(N,0,/S,)] [log,(N,0,/S,)] [log,(N,0,/S,)]
1L,
RI 0 1

The channel quality bitsin Table 5.2.3.3.2-1 through Table 5.2.3.3.2-3C-1 form the bit sequence a,,8,,a,,83,...,a5 1
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

5.2.2.6-5with off replaced by a,. The Rl feedback for two bits is mapped according to Table 5.2.2.6-6 with o , off
replaced by a,,a, . The RI feedback for three bitsis mapped according to Table 5.2.2.6-7 with of , ol , o} replaced

by &,,8&,,a, . The same procedures for Rl mapping are applied to CRI, replacing Rl with CRI.

When multiplexed with UL-SCH, the channel coding and multiplexing for the transmission configurationsin Table
5.2.3.3.2-4, Table 5.2.3.3.2-4A, Table 5.2.3.3.2-4B, Table 5.2.3.3.2-4C, Table 5.2.3.3.2-4D, Table 5.2.3.3.2-4F, Table
5.2.3.3.2-4G and Table 5.2.3.3.2-41 is performed assuming RI transmission in section 5.2.2.6. All other transmission
configurationsin this section are coded and multiplexed assuming CQI/PMI transmission in section 5.2.2.6.

For transmission mode 9/10 configured with Class B CSI reporting and K>1, the number of antennaport in Table
5.2.3.3.2-4C, 5.2.3.3.2-4D refers to the maximum number of antenna ports of K CSI-RS resources configured for the
CSl-process for the UE.

For transmission mode 9/10 configured with Class B CSl reporting and K>1, and with activatedResources>1, the
number of antenna portsin Table 5.2.3.3.2-4F and Table 5.2.3.3.2-4G refers to the maximum number of antenna ports
of N CSI-RS resources activated for the CSl-process for the UE.

5.2.34 Channel coding for UCI channel quality information and HARQ-ACK

This section defines the channel coding scheme for the simultaneous transmission of channel quality information and
HARQ-ACK information in a subframe.

When normal CP is used for uplink transmission, the channel quality information is coded according to section 5.2.3.3
with input bit sequence aj,a;,a5,a3,...,ax_; and output bit sequence by, b;,bs,b3,...,bg_;, where B"'=20. The
HARQ-ACK bits are denoted by a7 in case one HARQ-ACK bit or af,a; in casetwo HARQ-ACK bits are reported

per subframe. Each positive acknowledgement (ACK) is encoded as abinary ‘1’ and each negative acknowledgement
(NACK) isencoded asabinary ‘0.

The output of this channel coding block for normal CP is denoted by by,b;,b,,bs,...,bg_;, where

b, =b/,i=0,.,B" -1

In case one HARQ-ACK hit is reported per subframe:
by =ag and B=(B'+1)

In case two HARQ-ACK hbits are reported per subframe:

bB’ =a6,bB’+l =a.],_’ and B=(B,+ 2)
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When extended CP is used for uplink transmission, the channel quality information and the HARQ-ACK bits are jointly
coded. The HARQ-ACK bits are denoted by a; in case one HARQ-ACK bit or [aj,a;] in case two HARQ-ACK bits

are reported per subframe.

The channel quality information denoted by ag,a;,a5,a5,...,ay_; is multiplexed with the HARQ-ACK bitsto yield the
sequence ay, ay, ay,as,..., a1 asfollows

a =4a/,i=0,.,A-1
and

ay =aj and A=(A"+1) in case one HARQ-ACK bit is reported per subframe, or
ay =ag, ax.1) =2a] and A=(A"+2) incasetwo HARQ-ACK hits are reported per subframe.

The sequence ag, 8;,a,,83,...,a,_4 iSencoded according to section 5.2.3.3 to yield the output bit sequence
bo, bl' b2 y b3,..., bB—l Whel’e B = 20 .

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

- Channdl interleaver

5.24.1 Channel coding of control information

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

O. M PUsH | N PUSCH | gPUSCH
- sc symb offset PUSCH
Q' =min , 4 M

OCQI —MIN

where O isthe number of HARQ-ACK bits as defined in section 5.2.2.6, or rank indicator bits, Ocor_min isthe

number of CQI bitsincluding CRC bits assuming rank equalsto 1 for all serving cells for which an aperiodic CSI report
istriggered [3], M 2’5" isthe scheduled bandwidth for PUSCH transmission in the current subframe expressed as a

number of subcarriersin [2], and N;%?)CH isthe number of SC-FDMA symbolsin the current PUSCH transmission
sub-frame given by N;ﬁw’ma’ = (2- (N;;b —1)— Nggg — NEZSH — NPy ) , where Nqcisequal to 1if UE s

configured to send PUSCH and SRS in the same subframe for the current subframe, or if the PUSCH resource
alocation for the current subframe even partialy overlaps with the cell-specific SRS subframe and bandwidth
configuration defined in section 5.5.3 of [2], or if the current subframe is a UE-specific type-1 SRS subframe as defined

in Section 8.2 of [3], or if the current subframe is a UE-specific type-0 SRS subframe as defined in section 8.2 of [3]
and the UE is configured with multiple TAGs. Otherwise N¢isequal to O. N;;?CH isequal to 1 when the UE
configured for uplink transmission on a LAA SCell isindicated to transmit the PUSCH not starting from the beginning
of the first symbol of the subframe, otherwiseis equal to O. N;ljSCH isequal to 1 when the UE configured for uplink

transmission on a LAA SCell isindicated to transmit the PUSCH up to the second to last symbol of the subframe and
N s isequal to 0, otherwiseiis equal to 0.
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For HARQ-ACK information Qo = Q.. -Q’ and [ Bia " = [BraRQ-AK / BS2. 1. For UEs configured with no
more than five DL cells, ,Bo'?f/;g@ACK shall be determined according to [3]. For UEs configured with more than five DL

cells, ﬂ '#;;QACK shall be determined according to [3] depending on the number of HARQ-ACK feedback bits.

)
For rank indicationor CRI, Qg =Q,,-Q", Qg =Q,, ' Q" and[ Bis " = Bt / B2 1, where S5, shall
be determined according to [3].

For CQI and/or PMI information Quo, = N&p™ -M 2™ Q- Qg -
The channel coding and rate matching of the control datais performed according to section 5.2.2.6. The coded output
sequence for channel quality information is denoted by q,,0;,d., q3,...,qQCQI _1» the coded vector sequence output for

HARQ-ACK is denoted by g C’?CK .0 . q ,jCK ey 02K and the coded vector sequence output for rank indication or

1 —Qack -1
CRI, is denoted by gg' ,g?' ,(_15' ,---,92', L
5.24.2 Control information mapping

The input are the coded bits of the channel quality information denoted by (|,,0;,d,, q3,...,qQCQI _;- Theoutput is
denoted by g.9,.9,.9,.--9,,_,  Where H =Q.,, and H'=H/Q,,, and whereg,, i =0,....H’~1 are column
vectors of length Q,,,. H isthe total number of coded bits allocated for CQI/PMI information.

The control information shall be mapped as follows:

Setj, ktoO

while j < Qg

9, =[Qj-~Qj+Qm—ﬂT

j=1+Qn
k=k+1
end while
5.24.3 Channel interleaver
The vector sequences g ,9,,9, 9, gg' ,glR' ,95' ,...,gg',Rl _, and QSCK ,ngK ,gg\CK ,...,ggf:;(_l are channel

interleaved according section 5.2.2.8. The bits after channel interleaving are denoted by hy,hy ,h,,....hy .o -

5.3 Downlink transport channels and control information

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

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

Figure 5.3.1-1 shows the processing structure for the BCH transport channel. Data arrives to the coding unit in the form
of a maximum of one transport block every transmission time interval (TTI) of 40ms, or 160ms for aMBM S-dedicated
cell. The following coding steps can be identified:

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

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

Ay, 3y, Ap g l

CRC attachment

CO’C_I.""’CK{L v

Channel coding

40,49 ,..d0,

Rate matching

€0, €, €E_1 l
Figure 5.3.1-1: Transport channel processing for BCH

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

The entire transport block is used to calculate the CRC parity bits. Denote the bits in a transport block delivered to layer
lbya,,a,,a,,8s,..,a, 1, and the parity bitsby py, p;, P2, P3,--» PL_1 - Aisthe size of the transport block and set to

24 bitsand L is the number of parity bits. The lowest order information bit ag is mapped to the most significant bit of
the transport block as defined in section 6.1.1 of [5].

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

After the attachment, the CRC bits are scrambled according to the eNodeB transmit antenna configuration with the

SEqQUENCE Xyt 0s Xant 10+ Xant 15 @S iNdicated in Table 5.3.1.1-1 to form the sequence of bitscy, ¢;,C,,C3,...,Cx_; Where
Cy =&y fork=0,1,2,...,A1

ck = (P + xam’k_A)mod 2 fork=A A+l A+2,..., A+15.
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Table 5.3.1.1-1: CRC mask for PBCH

Numb ‘ ) NodeB PBCH CRC mask
umber of transmit antenna ports at eNode < Xant 05 Xant 150+ Xant 15 >
1 <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>
2 <1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1>
4 <0,1,0,1,0,1,0,1,0,1,0,1,0,1,0, 1>
53.1.2 Channel coding

Information bits are delivered to the channel coding block. They are denoted by c,,c;,C,,Cs,...,Cx_; , WhereK isthe
number of bits, and they are tail biting convolutionally encoded according to section 5.1.3.1.

After encoding the bits are denoted by d{",d{",d{",d{",...,d{), , withi =0, and 2, and where D is the number of bits
on thei-th coded stream, i.e, D=K..
5.3.1.3 Rate matching

A tail biting convolutionally coded block is delivered to the rate matching block. This block of coded bits is denoted by
d$?,dM.d{",d{,....d$, , withi =01, and 2, and wherei is the coded stream index and D is the number of bitsin each
coded stream. This coded block is rate matched according to section 5.1.4.2.

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

5.3.2 Downlink shared channel, Paging channel and Multicast channel

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

- Add CRC to the transport block

- Code block segmentation and code block CRC attachment
- Channel coding

- Rate matching

- Code block concatenation

The coding steps for PCH and MCH transport channels, and for one transport block of DL-SCH are shown in the figure
below. The same processing applies for each transport block on each DL cell.
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Ay, 8y, Ap_; i
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Figure 5.3.2-1: Transport block processing for DL-SCH, PCH and MCH

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

The entire transport block is used to calculate the CRC parity bits. Denote the bits in a transport block delivered to layer
lbyagy,ay,a,,8s,...,a,, and the parity bitsby py, p;, P2, P3.---» PL_1 - Aisthe size of the transport block and L is the

number of parity bits. The lowest order information bit ag is mapped to the most significant bit of the transport block as
defined in section 6.1.1 of [5].

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

5.3.2.2 Code block segmentation and code block CRC attachment

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

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

The bits after code block segmentation are denoted by €4, C1,C; 2, C3,---, C; (k, -1) » Wherer is the code block number
and K; isthe number of bitsfor code block number r.
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5.3.2.3 Channel coding

Code blocks are delivered to the channel coding block. They are denoted by ¢, ¢, C,1,C; 2, Cr3,...,Cy(x, -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 section 5.1.3.2.

After encoding the bits are denoted by d),d%,d%),d ) ..., d) withi =0,1,and 2, and where D, isthe number of

r(Dy-1)?
bits on the i-th coded stream for code block number r,i.e. D, =K, +4.

5.3.24 Rate matching

Turbo coded blocks are delivered to the rate matching block. They are denoted by d(,d),d(),d () ,...,dr(i(fDr _y)» With

i =01,and2, 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 section 5.1.4.1.

After rate matching, the bits are denoted by €,4,€1,6 5, €3,-...& (g, 1), Wherer is the coded block number, and where
E, isthe number of rate matched bits for code block number r.

5.3.25 Code block concatenation

The bits input to the code block concatenation block are denoted by €.4,61,€,€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 section 5.1.5.

The bits after code block concatenation are denoted by f, fy, f5, fs,..., fg_; , Where G isthe total number of coded bits

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

5.3.3 Downlink control information

A DCI transports downlink, uplink or sidelink scheduling information, requests for aperiodic CQI reports, LAA
common information, notifications of MCCH change [6] or uplink power control commands for one cell and one RNTI.
The RNTI isimplicitly encoded in the CRC.

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

The coding steps for DCI are shown in the figure below.
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Figure 5.3.3-1: Processing for one DCI

5.3.3.1 DCI formats
The fields defined in the DCI formats below are mapped to the information bits ag to aa.1 as follows.

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

5.3.3.11 Format O
DCI format 0 is used for the scheduling of PUSCH in one UL cell.
The following information is transmitted by means of the DCI format O:
- Carrier indicator — 0 or 3 bits. Thisfield is present according to the definitionsin [3].
- Flag for formatO/format1A differentiation — 1 bit, where value O indicates format 0 and value 1 indicates format 1A

- Frequency hopping flag — 1 bit as defined in section 8.4 of [3]. Thisfield is used as the MSB of the corresponding
resource allocation field for resource alocation type 1.

- Resource block assignment and hopping resource allocation — ﬁogz(Ngé (Ngs +1)/ 2)-‘ bits

- For PUSCH hopping (resource allocation type 0 only):

- Nut_nop MSB bits are used to obtain the value of Npgg (i) asindicated in section 8.4 of [3]

- (ﬁogz(Ngé (Ngg +1)/2)-‘ - NUL_hopj bits provide the resource allocation of the first slot in the UL
subframe

- For non-hopping PUSCH with resource allocation type O:

- (’_Iogz(Né{é (Ngs +1)/2)-‘ ) bits provide the resource allocation in the UL subframe as defined in section
8.1.10f [3]

- For non-hopping PUSCH with resource allocation type 1:
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- The concatenation of the frequency hopping flag field and the resource block assignment and hopping
resource alocation field provides the resource allocation field in the UL subframe as defined in section 8.1.2
of [3]

- Modulation and coding scheme and redundancy version — 5 bits as defined in section 8.6 of [3]

- New data indicator — 1 bit

- TPC command for scheduled PUSCH — 2 bits as defined in section 5.1.1.1 of [3]

- Cyclic shift for DM RS and OCC index and IFDMA configuration — 3 bits as defined in section 5.5.2.1.1 of [2]
(thisfield is not present when the format 0 CRC is scrambled by UL-SPS-V-RNTI)

- UL SPS configuration index — 3 bits as defined in section 9.2.1 of [3]. (thisfield is present when the format 0 CRC
isscrambled by UL-SPS-V-RNTI)

- UL index — 2 bits as defined in sections 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (thisfield is present only for TDD operation
with uplink-downlink configuration O, or TDD operation with uplink-downlink configuration 6 and special
subframe configuration 10 when the higher layer parameter symPUSCH-UpPtsis configured and the
corresponding DCI is mapped onto the UE specific search space given by the C-RNTI asdefined in [3])

- Downlink Assignment Index (DAI) — 2 bits as defined in section 7.3 of [3] (thisfield is present only for cases with
TDD primary cell and either TDD operation with uplink-downlink configurations 1-6 or FDD operation)

- CSl request — 1, 2, 3, 4 or 5 bits as defined in section 7.2.1 of [3].

If UEs are not configured with CSI-RS-ConfigNZPAperiodic or if UEs are configured with CSI-RS-
ConfigNZPAperiodic and numberActivatedA periodicCSI-RS-Resources=1 for each CSl process,

the 2-bit field applies to UEs configured with no more than five DL cells and to

UEs that are configured with more than one DL cell and when the corresponding DCI format is mapped
onto the UE specific search space given by the C-RNTI as defined in [3];

UEstthat are configured by higher layers with more than one CSl process and when the corresponding
DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

UEs that are configured with two CSI measurement sets by higher layers with the parameter csi-
MeasSubframeSet, and when the corresponding DCI format is mapped onto the UE specific search space
given by the C-RNTI asdefined in [3];

the 3-bit field appliesto UEs that are configured with more than five DL cells and when the corresponding

DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

otherwise the 1-bit field applies

If UEs are configured with CSI-RS-ConfigNZPAperiodic and numberActivatedAperiodicCSI-RS-Resources>1
for at least one CSl process,

the 4-bit field appliesto UEs configured with no more than five DL cells and to

UEsthat are configured with more than one DL cell and when the corresponding DCI format is mapped
onto the UE specific search space given by the C-RNTI as defined in [3];

UEsthat are configured by higher layers with more than one CSl process and when the corresponding
DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

UEs that are configured with two CSlI measurement sets by higher layers with the parameter csi-
MeasSubframeSet, and when the corresponding DCI format is mapped onto the UE specific search space
given by the C-RNTI asdefined in [3];

the 5-bit field applies to UEs that are configured with more than five DL cells and when the corresponding

DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

otherwise the 3-bit field applies.
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- SRS reguest — 0 or 1 bit. Thisfield can only be present in DCI formats scheduling PUSCH which are mapped onto
the UE specific search space given by the C-RNTI as defined in [3]. The interpretation of thisfield is provided in
section 8.2 of [3]

- Resource allocation type — 1 bit. Thisfield isonly present if Ngs < NRg . Theinterpretation of thisfield is

provided in section 8.1 of [3]

- Cyclic Shift Field mapping table for DMRS — 1 bit as defined in section 5.5.2.1.1 of [2]. The 1-bit field appliesto
UEs that are configured with higher layer parameter UL-DMRS-IFDMA, and when the corresponding DCI
format is mapped onto the UE-specific search space given by the C-RNTI as defined in [3]. When the format 0
CRC is scrambled by SPS C-RNTI, thisfield is set to zero.

If the number of information bitsin format O mapped onto a given search space is less than the payload size of format
1A for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended
to format 1A), zeros shall be appended to format 0 until the payload size equals that of format 1A.

5.3.3.1.1A Format OA
DCI format OA is used for the scheduling of PUSCH ina LAA SCell.
The following information is transmitted by means of the DCI format OA:
- Carrier indicator — 0 or 3 hits. Thisfield is present according to the definitionsin [3].

- Flag for formatOA/formatlA differentiation — 1 bit, where value O indicates format OA and value 1 indicates
format 1A.

- PUSCH trigger A — 1 hit, where value 0 indicates non-triggered scheduling and value 1 indicates triggered
scheduling as defined in section 8.0 of [3].

- Timing offset — 4 bits as defined in section 8.0 of [3].
- When the PUSCH trigger A isset to 0,
- Thefield indicates the absolute timing offset for the PUSCH transmission.
- Otherwise,

- Thefirst two bits of the field indicate the timing offset, relative to the UL offset | as defined in section
13A of [3], for the PUSCH transmission.

- Thelast two bits of the field indicate the time window within which the scheduling of PUSCH via
triggered scheduling is valid.

- Resource block assignment — 5 or 6 bits provide the resource allocation in the UL subframe as defined in section
8.1.4of [3]

- Modulation and coding scheme — 5 bits as defined in section 8.6 of [3]

- HARQ process number — 4 bits.

- New dataindicator — 1 bit

- Redundancy version — 2 bits as defined in section 8.6.1 of [3]

- TPC command for scheduled PUSCH — 2 hits as defined in section 5.1.1.1 of [3]

- Cyclic shift for DM RS and OCC index — 3 bits as defined in section 5.5.2.1.1 of [2]

- CSl request — 1, 2 or 3 bits as defined in section 7.2.1 of [3]. The 2-bit field applies to UEs configured with no
more than five DL cellsand to

- UEsthat are configured with more than one DL cell and when the corresponding DCI format is mapped onto
the UE specific search space given by the C-RNTI as defined in [3];
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- UEsthat are configured by higher layers with more than one CSI process and when the corresponding DCI
format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

- UEsthat are configured with two CSl measurement sets by higher layers with the parameter csi-
MeasSubframeSet, and when the corresponding DCI format is mapped onto the UE specific search space
given by the C-RNTI as defined in [3];

the 3-bit field appliesto UEs that are configured with more than five DL cells and when the corresponding DCI
format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

otherwise the 1-bit field applies
- SRSrequest — 1 hit. The interpretation of thisfield is provided in section 8.2 of [3]
- PUSCH starting position — 2 bits as specified in Table 5.3.3.1.1A-1.

- PUSCH ending symbol — 1 bit, where value O indicates the last symbol of the subframe and value 1 indicates the
second to last symbol of the subframe.

- Channel Accesstype—1 hit asdefined in section 15.2 of [3]
- Channel Access Priority Class— 2 bits as defined in section 15.2 of [3]

If the number of information bitsin format OA mapped onto a given search space is |less than the payload size of format
1A for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended
to format 1A), zeros shall be appended to format OA until the payload size equals that of format 1A.

Table 5.3.3.1.1A-1: PUSCH starting position

Value | PUSCH starting position
00 symbol 0
01 25ps in symbol 0
10 (25+TA) ps in symbol 0
11 symbol 1

5.3.3.1.1B Format OB
DCI format OB is used for the scheduling of PUSCH in each of multiple subframesinaLAA SCell.
The following information is transmitted by means of the DCI format OB:

- Carrier indicator — 0 or 3 hits. Thisfield is present according to the definitionsin [3].

- PUSCH trigger A — 1 hit, where value 0 indicates non-triggered scheduling and value 1 indicates triggered
scheduling as defined in section 8.0 of [3].

- Timing offset — 4 bits as defined in section 8.0 of [3].
- When the PUSCH trigger A isset to 0,
- Thefield indicates the absolute timing offset for the PUSCH transmission.
- Otherwise,

- Thefirst two bits of the field indicate the timing offset, relative to the UL offset | as described in section
13A of [3], for the PUSCH transmission.

- Thelast two bits of the field indicate the time window within which the scheduling of PUSCH via
triggered scheduling is valid.

- Number of scheduled subframes— 1 or 2 bits. The 1-bit field applies when maxNumber Of SchedSubframes-
FormatOB-r14 is configured by higher layersto two, otherwise the 2-bit field applies.

- Resource block assignment — 5 or 6 bits provide the resource allocation in the UL subframe as defined in section
8.1.40f [3].
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Modulation and coding scheme — 5 bits as defined in section 8.6 of [3].

HARQ process number - 4 bits. The 4-bit applies to the first scheduled subframe, and the HARQ process
numbers for other scheduled subframes are defined in section 8.0 of [3].

New data indicator — maxNumber Of SchedSubframes-FormatOB-r14 bits. Each scheduled PUSCH corresponds to
1 bit.

Redundancy version — maxNumber Of SchedSubframes-FormatOB-r14 bits. Each scheduled PUSCH corresponds
to 1 bit as defined in section 8.6.1 of [3].

TPC command for scheduled PUSCH — 2 hits as defined in section 5.1.1.1 of [3].
Cyclic shift for DM RS and OCC index — 3 bits as defined in section 5.5.2.1.1 of [2].

CSl request — 1, 2 or 3 bits as defined in section 7.2.1 of [3]. The 2-hit field applies to UEs configured with no
more than five DL cellsand to

- UEsthat are configured with more than one DL cell and when the corresponding DCI format is mapped onto
the UE specific search space given by the C-RNTI asdefined in [3];

- UEsthat are configured by higher layers with more than one CSI process and when the corresponding DCI
format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

- UEsthat are configured with two CSlI measurement sets by higher layers with the parameter csi-
MeasSubframeSet, and when the corresponding DCI format is mapped onto the UE specific search space
given by the C-RNTI asdefined in [3];

the 3-bit field applies to UEs that are configured with more than five DL cells and when the corresponding DCI
format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

otherwise the 1-bit field applies.
SRS request — 2 hits. The interpretation of thisfield is provided in section 8.2 of [3].

PUSCH starting position — 2 bits as specified in Table 5.3.3.1.1A-1 applicable to only the first scheduled
subframe.

PUSCH ending symbol — 1 bit, where value O indicates the last symbol of the last scheduled subframe and value
1 indicates the second to last symbol of the last scheduled subframe.

Channel Accesstype— 1 bit as defined in section 15.2 of [3].
Channel Access Priority Class— 2 bits as defined in section 15.2 of [3].

If the number of information bitsin format OB is equal to the payload size for DCI format 1, 2, 2A, 2B, 2C or 2D
associated with the configured DL transmission mode in the same serving cell, one zero bit shall be appended to format

0B.

5.3.3.1.1C Format OC

DCI format OC is used for the scheduling of PUSCH in one UL cell.

The following information is transmitted by means of the DCI format OC:

Flag for format OC/format1A differentiation — 1 bit, where value O indicates format OC and value 1 indicates
format 1A

Resource allocation type — 1 bit. Thisfield isonly present if Ngg < NRs . The interpretation of thisfield is
provided in section 8.1 of [3]

Frequency hopping flag — 1 bit as defined in section 5.3.4 of [2]. Thisfield is used asthe MSB of the
corresponding resource allocation field for resource allocation type 1.

Resource block assignment — ’-Iogz(NFLQ’BL (N5 +1)/2)-‘ bits
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- For PUSCH with resource allocation type O:
- ’_Iog2 (N5 (Ngg +1)/ 2)-‘ bits provide the resource allocation in the UL subframe as defined in section
8.1.10f [3]
- For non-hopping PUSCH with resource allocation type 1:

- The concatenation of the frequency hopping flag field and the resource block assignment field provides
the resource allocation field in the UL subframe as defined in section 8.1.2 of [3]

Modulation and coding scheme — 5 bits as defined in section 8.6 of [3]

Repetition number — 3 bits as defined in section 8.0 of [3]

HARQ process number — 3 hits

New data indicator — 1 bit

Redundancy version — 2 bits

TPC command for scheduled PUSCH — 2 bits as defined in section 5.1.1.1 of [3]
Cyclic shift for DM RS and OCC index — 3 bits as defined in section 5.5.2.1.1 of [2]

UL index — 2 bits as defined in sections 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (thisfield is present only for TDD
operation with uplink-downlink configuration 0)

Downlink Assignment Index (DAI) — 2 bits as defined in section 7.3 of [3] (Thisfield is present only for cases
with TDD primary cell and either TDD operation with uplink-downlink configurations 1-6 or FDD operation.)

CSl request — 1, 2 or 3 bits as defined in section 7.2.1 of [3]. The 2-bit field applies to UEs configured with no
more than five DL cellsand to

- UEsthat are configured with more than one DL cell and when the corresponding DCI format is mapped onto
the UE specific search space given by the C-RNTI asdefined in [3];

- UEsthat are configured by higher layers with more than one CSI process and when the corresponding DCI
format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

- UEsthat are configured with two CSl measurement sets by higher layers with the parameter csi-
MeasSubframeSet, and when the corresponding DCI format is mapped onto the UE specific search space
given by the C-RNTI asdefined in [3];

the 3-bit field appliesto UEs that are configured with more than five DL cells and when the corresponding DCI

format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

otherwise the 1-bit field applies

SRS request —1 hit. The interpretation of this field is provided in section 8.2 of [3]
Modulation order override — 1 bit as defined in section x.x of [3]

Precoding information: number of bits as specified in Table 5.3.3.1.8-1. Thisfield is present only if the higher
layer parameter transmissionModeUL is configured to be transmission mode 2. Bit field as shown in Table
5.3.3.1.8-2 and Table 5.3.3.1.8-3, where only codeword 0 is enabled and the indexes corresponding to 1 layer are
used. Note that TPMI for 2 antenna ports indicates which codebook index isto be used in Table 5.3.3A.2-1 of
[2], and TPMI for 4 antenna ports indicates which codebook index isto be used in Table 5.3.3A.2-2, Table
5.3.3A.2-3, Table 5.3.3A.2-4 and Table 5.3.3A.2-5 of [2]. The transport block is mapped to codeword 0.

If the number of information bitsin format OC mapped onto a given search space is | ess than the payload size of format
1A for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended
to format 1A), zeros shall be appended to format OC until the payload size equals that of format 1A.
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5.3.3.1.2 Format 1
DCI format 1 is used for the scheduling of one PDSCH codeword in one cell.
The following information is transmitted by means of the DCI format 1:
- Carrier indicator — 0 or 3 bits. Thisfield is present according to the definitionsin [3].
- Resource allocation header (resource allocation type 0/ type 1) — 1 bit as defined in section 7.1.6 of [3]

If downlink bandwidth isless than or equal to 10 PRBs, there is no resource allocation header and resource
alocation type O is assumed.

- Resource block assignment:

- For resource allocation type O as defined in section 7.1.6.1 of [3]:

- (N R / P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined in section 7.1.6.2 of [3]:

- [log, (P)] bits of this field are used as a header speific to this resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

- (( N/ P-‘— [log,(P)] —1) bits provide the resource allocation

where the value of P depends on the number of DL resource blocks as indicated in section 7.1.6.1 of [3]
- Modulation and coding scheme — 5 hits as defined in section 7.1.7 of [3]
- HARQ process number — 3 bits (for cases with FDD primary cell), 4 bits (for cases with TDD primary cell)
- New dataindicator — 1 bit
- Redundancy version — 2 bits
- TPC command for PUCCH — 2 bits as defined in section 5.1.2.1 of [3]
- Downlink Assignment Index — number of bits as specified in Table 5.3.3.1.2-2.

- HARQ-ACK resource offset (thisfield is present when this format is carried by EPDCCH. Thisfield is not present
when thisformat is carried by PDCCH) — 2 bits as defined in section 10.1 of [3]. The 2 bits are set to 0 when this
format is carried by EPDCCH on a secondary cell, or when this format is carried by EPDCCH on the primary
cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-ACK
feedback.

- MUST interference presence and power ratio — 0 or 2 bits as defined in section 6.3.3 of [2]. Thisfield is present
only when the UE is configured for MUST-near operation and the number of antenna ports for CRS transmission
inthe serving cell is 2.

- Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping — 2 bits as defined in sections 7.1.9 and
7.2.7 of [3]. Thisfield is present only when the UE is configured with CSI-RS-ConfigZPAperiodic.

If the UE is not configured to decode PDCCH or EPDCCH with CRC scrambled by the C-RNTI and the number of
information bitsin format 1 is equal to that for format O/1A, one bit of value zero shall be appended to format 1.

If the UE is configured to decode PDCCH or EPDCCH with CRC scrambled by the C-RNTI and the number of
information bitsin format 1 is equal to that for format 0/1A for scheduling the same serving cell and mapped onto the
UE specific search space given by the C-RNTI as defined in [3], one bit of value zero shall be appended to format 1.

If the number of information bitsin format 1 carried by PDCCH belongs to one of the sizesin Table 5.3.3.1.2-1, one or
more zero bit(s) shall be appended to format 1 until the payload size of format 1 does not belong to one of the sizesin
Table5.3.3.1.2-1 and is ot equal to that of format 0/1A mapped onto the same search space.
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Table 5.3.3.1.2-1: Ambiguous Sizes of Information Bits

| {12, 14, 16 ,20, 24, 26, 32, 40, 44, 56} |

Table 5.3.3.1.2-2: Number of bits for Downlink Assignment Index

Number
of bits

4 For UEs configured by higher layers with codebooksizeDetermination-r13 = dai and when a DCI
format scheduling PDSCH is mapped onto the UE specific search space given by the C-RNTI as
defined in [3], the 4-bit DAI consists of a 2-bit counter DAI and a 2-bit total DAI.

- Counter DAI — 2 bits as defined in section 7.3 of [3]
- Tota DAI — 2 bits as defined in section 7.3 of [3]

2 For UEs configured with no more than five DL cells, or for UEs configured by higher layers with
codebooksizeDetermination-r13 = cc, or for UEs configured by higher layers with
codebooksizeDetermination-rl3 = dai and when a DCI format scheduling PDSCH is not mapped
onto the UE specific search space given by the C-RNTI as defined in [3], this field is present for
FDD or TDD operation, for cases with TDD primary cell.

If the UL/DL configuration of all TDD serving cells is same and the UE is not configured to decode
PDCCH with CRC scrambled by eimta-RNTI, then this field only applies to serving cell with UL/DL
configuration 1-6

If at least two TDD serving cells have different UL/DL configurations or the UE is configured to
decode PDCCH with CRC scrambled by eimta-RNTI, then this field applies to a serving cell with
DL-reference UL/DL configuration 1-6 as defined in section 10.2 of [3]

0 For UEs configured with no more than five DL cells, or for UEs configured by higher layers with
codebooksizeDetermination-rl3 = cc, or for UEs configured by higher layers with
codebooksizeDetermination-rl3 = dai and when a DCI format scheduling PDSCH is not mapped
onto the UE specific search space given by the C-RNTI as defined in [3], this field is not present
for FDD or TDD operation, for cases with FDD primary cell.

5.3.3.1.3 Format 1A

DCI format 1A is used for the compact scheduling of one PDSCH codeword in one cell and random access procedure
initiated by a PDCCH order. The DCI corresponding to a PDCCH order can be carried by PDCCH or EPDCCH.

The following information is transmitted by means of the DCI format 1A:
- Carrier indicator — 0 or 3 bits. Thisfield is present according to the definitionsin [3].

- Flag for formatO/format1A differentiation or flag for formatOA/format1A differentiation — 1 bit, where value O
indicates format O or format OA and value 1 indicates format 1A

Format 1A isused for random access procedure initiated by a PDCCH order only if format 1A CRC is scrambled
with C-RNTI and all the remaining fields are set asfollows:

- Localized/Distributed VRB assignment flag — 1 bit isset to ‘0’

- Resource block assignment — ’_Iogz(N%(N% +1)/2)-‘ bits, where all bits shall be set to 1

- Preamble Index — 6 bits
- PRACH Mask Index — 4 hits, [5]

- All the remaining bitsin format 1A for compact scheduling assignment of one PDSCH codeword are set to
zero

Otherwise,

- Localized/Distributed VRB assignment flag — 1 bit as defined in 7.1.6.3 of [3]
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- Resource block assignment — ﬁogz(NF'ig (NS5 +1)/2ﬂ bits as defined in section 7.1.6.3 of [3]:
- For localized VRB:
’_I 09, (N (N5 +2)/ 2)-| bits provide the resource allocation

- For distributed VRB:

- 1f N2 <50 or if the format 1A CRC is scrambled by RA-RNTI, P-RNTI, SI-RNTI, SC-RNTI or G-

RNTI:
- (Iogz(N,EBL No +1)/2)—‘ bits provide the resource allocation
- Else
- 1 bit, the MSB indicates the gap value, where value O indicates N, = N, and value 1 indicates
Ngap = Ngap.2

- (’_Iogz(Ngé'(NgBL +1)/2)-‘ —1) bits provide the resource allocation,
where Ny, isdefinedin[2].

- Modulation and coding scheme — 5hits as defined in section 7.1.7 of [3]
- HARQ process humber — 3 bits (for cases with FDD primary cell) , 4 bits (for cases with TDD primary cell)
- New data indicator — 1 bit

- If the format 1A CRC is scrambled by RA-RNTI, P-RNTI, SI-RNTI, SC-RNTI or G-RNTI:
-If Ngs >50 and Localized/Distributed VRB assignment flag is set to 1

- the new data indicator bit indicates the gap value, where value O indicates Ng,, = Ny, and value
lindicates Ny, = Nggo -
- Else the new dataindicator bit is reserved.
- Else
- The new data indicator bit as defined in [5]
- Redundancy version — 2 bits
- TPC command for PUCCH — 2 bits as defined in section 5.1.2.1 of [3]
- If the format 1A CRC is scrambled by RA-RNTI, P-RNTI, or SI-RNTI:

- The most significant bit of the TPC command is reserved.
- The least significant bit of the TPC command indicates column Niag of the TBS table defined of [3].
- If least significant bitisO then Njrg = 2 elseNing = 3.

- Else

- The two bits including the most significant bit indicates the TPC command

- Downlink Assignment Index —number of bits as specified in Table 5.3.3.1.2-2.
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- SRS request — 0 or 1 bit. Thisfield can only be present in DCI formats scheduling PDSCH which are mapped onto
the UE specific search space given by the C-RNTI as defined in [3]. The interpretation of thisfield is provided in
section 8.2 of [3]. Thisfield is not present when the DCI is used for scheduling PDSCH in a LAA SCell.

- HARQ-ACK resource offset (thisfield is present when this format is carried by EPDCCH. Thisfield is not present
when thisformat is carried by PDCCH) — 2 hits as defined in section 10.1 of [3]. The 2 bits are set to 0 when this
format is carried by EPDCCH on a secondary cell, or when thisformat is carried by EPDCCH on the primary
cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-ACK
feedback.

- SRS timing offset — 3 hitsas defined in [3]. Thisfield is present only when the DCI format is used for scheduling
PDSCH inaLAA SCell and the UE is configured with uplink transmission on the LAA Scell.

If the UE is not configured to decode PDCCH or EPDCCH with CRC scrambled by the C-RNTI, and the number of
information bitsin format 1A islessthan that of format 0, zeros shall be appended to format 1A until the payload size
equals that of format 0.

If the UE is configured to decode PDCCH or EPDCCH with CRC scrambled by the C-RNTI and the number of
information bitsin format 1A mapped onto a given search space isless than that of format O for scheduling the same
serving cell and mapped onto the same search space, zeros shall be appended to format 1A until the payload size equals
that of format O, except when format 1A assigns downlink resource on a secondary cell without an uplink configuration
associated with the secondary cell.

If the UE is configured to decode PDCCH or EPDCCH with CRC scrambled by the C-RNTI and the number of
information bitsin format 1A mapped onto a given search space isless than that of format OA for scheduling the same
serving cell and mapped onto the same search space, zeros shall be appended to format 1A until the payload size equals
that of format OA, except when format 1A assigns downlink resource on a secondary cell without an uplink
configuration associated with the secondary cell.

If the number of information bitsin format 1A carried by PDCCH belongs to one of the sizesin Table 5.3.3.1.2-1, one
zero bit shall be appended to format 1A.

When the format 1A CRC is scrambled with a RA-RNTI, P-RNTI, SI-RNTI, SC-RNTI or G-RNTI then the following
fields among the fields above are reserved:

- HARQ process humber

- Downlink Assignment Index (used for cases with TDD primary cell and either FDD operation or TDD operation,
and is not present for cases with FDD primary cell and either FDD operation or TDD operation)

5.3.3.1.3A Format 1B
DCI format 1B is used for the compact scheduling of one PDSCH codeword in one cell with precoding information.
The following information is transmitted by means of the DCI format 1B:

- Carrier indicator — 0 or 3 bits. Thefield is present according to the definitionsin [3].

- Localized/Distributed VRB assignment flag — 1 bit as defined in section 7.1.6.3 of [3]

- Resource block assignment — ’_Iogz(Ngé (NRg +l)/2)-‘ bits as defined in section 7.1.6.3 of [3]

- For locdlized VRB:

(I 0g, (N> (N2 +1)/ 2)—‘ bits provide the resource allocation
- For distributed VRB:

-For Ng: <50

- (I 0g,(Nos (NS +1)/ 2)—‘ bits provide the resource allocation
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- For Ngs >50

RB —
- 1 bit, the MSB indicates the gap value, where value O indicates Ny, = N, and value 1 indicates

Ngap = Ngap 2

- (’_I 0g, (Nps (NE: +1)/ 2)-‘ —1) bits provide the resource allocation

- Modulation and coding scheme — 5hits as defined in section 7.1.7 of [3]

- HARQ process number — 3 bits (for cases with FDD primary cell) , 4 bits (for cases with TDD primary cell)
- New dataindicator — 1 bit

- Redundancy version — 2 bits

- TPC command for PUCCH — 2 bits as defined in section 5.1.2.1 of [3]

- Downlink Assignment Index —number of bits as specified in Table 5.3.3.1.2-2.

- TPMI information for precoding — number of bits as specified in Table 5.3.3.1.3A-1

TPMI information indicates which codebook index isused in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [2]
corresponding to the single-layer transmission.

- PMI confirmation for precoding — 1 bit as specified in Table 5.3.3.1.3A-2

- HARQ-ACK resource offset (thisfield is present when this format is carried by EPDCCH. Thisfield is not present
when thisformat is carried by PDCCH) — 2 bits as defined in section 10.1 of [3]. The 2 bits are set to 0 when this
format is carried by EPDCCH on a secondary cell, or when this format is carried by EPDCCH on the primary
cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-ACK
feedback.

- Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping — 2 bits as defined in sections 7.1.9 and
7.2.7 of [3]. Thisfield is present only when the UE is configured with CS-RS-ConfigZPAperiodic.

If PMI confirmation indicates that the eNodeB has applied precoding according to PMI(s) reported by the UE, the
precoding for the corresponding RB(s) in subframe n is according to the latest PMI(s) in an aperiodic CSl reported on
or before subframe n-4.

Table 5.3.3.1.3A-1: Number of bits for TPMI information

Number of antenna ports | Number
at eNodeB of bits

2 2

4 4
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Table 5.3.3.1.3A-2: Content of PMI confirmation

Bit field mapped

; Message
to index
0 Precoding according to the indicated TPMI in
the TPMI information field
1 Precoding using the precoder(s) according to
PMI(s) indicated in the latest aperiodic CSI
report.

For aperiodic CSI mode 2-2:

- Precoding of scheduled resource blocks
belonging to the reported preferred M
subband(s), use precoder(s) according to the
preferred M subband PMI(s) indicated in the
latest aperiodic CSI report;

- Precoding of scheduled resource blocks not
belonging to the reported preferred M
subband(s), precoding using a precoder
according to the wideband PMI indicated in the
latest aperiodic CSl report.

If the number of information bitsin format 1B isequal to that for format 0/1A for scheduling the same serving cell and
mapped onto the UE specific search space given by the C-RNTI as defined in [3], one bit of value zero shall be
appended to format 1B.

If the number of information bitsin format 1B carried by PDCCH belongs to one of the sizesin Table 5.3.3.1.2-1, one
or more zero bit(s) shall be appended to format 1B until the payload size of format 1B does not belong to one of the
sizesin Table 5.3.3.1.2-1 and is not equal to that of format 0/1A mapped onto the same search space.

5.3.3.14 Format 1C

DCI format 1C is used for very compact scheduling of one PDSCH codeword, notifying MCCH change [6], notifying
SC-MCCH change and direct indication [6] , reconfiguring TDD, and LAA common information.

The following information is transmitted by means of the DCI format 1C:

If the format 1C isused for very compact scheduling of one PDSCH codeword

1 bit indicates the gap value, where value O indicates N g, = Ny, and value Lindicates Ngg = Nga 5

- ForNg: <50, there is no bit for gap indication

- Resource block assignment — ﬂ 09, (I_N\E"R‘Bygap1 INSP J (\_N\?',;Bygapl I NP J+ 1/ 2)—‘ bits as defined in
7.1.6.3 0f [3] where N{gg or isdefinedin [2] and NZg” is defined in[3]

- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
Elseif the format 1C is used for notifying MCCH change and direct indication
- Information for MCCH change notification — 8 hits as defined in section 5.8.1.3 of [6]

- Direct Indication information — 2 bits provide direct indication of system information update and other fields,
as defined in subclause 6.6x [6]. Thisfield is only present for MBM S-dedicated cell or feMBM S/Unicast-

mixed cell with N2 >15 .

RB —

- Reserved information bits are added until the size is equal to that of format 1C used for very compact
scheduling of one PDSCH codeword

Elseif the format 1C is used for notifying SC-MCCH change

- Information for SC-MCCH change notification — 8 hits as defined in section 5.8a.1.3 of [6]
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- Reserved information bits are added until the size is equal to that of format 1C used for very compact
scheduling of one PDSCH codeword
Elseif the format 1C is used for reconfiguring TDD
- UL/DL configuration indication:

UL/DL configuration number 1, UL/DL configuration number 2,..., UL/DL configuration number |

Where each UL/DL configuration is 3 bits, | = L%J » Ltormat 1c 1S €qual to the payload size of format 1C

used for very compact scheduling of one PDSCH codeword. The parameter eimta-UL-DL-Configlndex
provided by higher layers determines the index to the UL/DL configuration indication for a serving cell.

- Zeros are added until the sizeis equal to that of format 1C used for very compact scheduling of one PDSCH
codeword

Else
- Subframe configuration for LAA — 4 bits as defined in section 13A of [3]

- UL duration and offset — 5 bits as defined in section 13A of [3]. The field only appliesto a UE configured
with uplink transmission on aLAA SCell

- PUSCH trigger B — 1 hit as defined in section 8.0 of [3]. Thefield only applies to a UE configured with
uplink transmission on aLAA SCell

- Reserved information bits are added until the size is equal to that of format 1C used for very compact
scheduling of one PDSCH codeword

5.3.3.1.4A Format 1D

DCI format 1D is used for the compact scheduling of one PDSCH codeword in one cell with precoding and power
offset information.

The following information is transmitted by means of the DCI format 1D:
- Carrier indicator — 0 or 3 bits. Thefield is present according to the definitionsin [3].

- Localized/Distributed VRB assignment flag — 1 bit as defined in section 7.1.6.3 of [3]
- Resource block assignment — ﬁogz(NFE’g (NS5 +1)/2ﬂ bits as defined in section 7.1.6.3 of [3]:
- For localized VRB:
’_I 0g, (N2 (N2 +1)/ 2)-| bits provide the resource allocation
- For distributed VRB:
-For N2 <50
- (I 0g,(Ngs (NS +1)/ 2)—‘ bits provide the resource allocation
- For N2 =50
- 1 bit, the MSB indicates the gap value, where value O indicates N, = Ng,,, and value 1 indicates

Ngap = Ngap 2

- ((I 0g,(Nps (N +2)/ 2)—‘ —1) bits provide the resource alocation

- Modulation and coding scheme — 5hits as defined in section 7.1.7 of [3]
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- HARQ process humber — 3 bits (for cases with FDD primary cell), 4 bits (for cases with TDD primary cell)
- New dataindicator — 1 bit

- Redundancy version — 2 bits

- TPC command for PUCCH — 2 bits as defined in section 5.1.2.1 of [3]

- Downlink Assignment Index —number of bits as specified in Table 5.3.3.1.2-2.

- TPMI information for precoding — number of bits as specified in Table 5.3.3.1.4A-1

TPMI information indicates which codebook index isused in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [2]
corresponding to the single-layer transmission.

- Downlink power offset — 1 bit as defined in section 7.1.5 of [3]

- HARQ-ACK resource offset (thisfield is present when this format is carried by EPDCCH. Thisfield is not present
when thisformat is carried by PDCCH) — 2 bits as defined in section 10.1 of [3]. The 2 bits are set to 0 when this
format is carried by EPDCCH on a secondary cell, or when this format is carried by EPDCCH on the primary
cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-ACK
feedback.

- Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping — 2 bits as defined in sections 7.1.9 and
7.2.7 of [3]. Thisfield is present only when the UE is configured with CS-RS-ConfigZPAperiodic.

Table 5.3.3.1.4A-1: Number of bits for TPMI information

Number of antenna ports | Number
at eNodeB of bits

2 2

4 4

If the number of information bitsin format 1D is equa to that for format 0/1A for scheduling the same serving cell and
mapped onto the UE specific search space given by the C-RNTI as defined in [3], one bit of value zero shall be
appended to format 1D.

If the number of information bitsin format 1D carried by PDCCH belongs to one of the sizesin Table 5.3.3.1.2-1, one
or more zero bit(s) shall be appended to format 1D until the payload size of format 1D does not belong to one of the
sizesin Table 5.3.3.1.2-1 and is not equal to that of format 0/1A mapped onto the same search space.

5.3.3.15 Format 2
The following information is transmitted by means of the DCI format 2:
- Carrier indicator — 0 or 3 bits. Thefield is present according to the definitionsin [3].
- Resource dlocation header (resource alocation type 0/ type 1) — 1 bit as defined in section 7.1.6 of [3]

If downlink bandwidth is less than or equal to 10 PRBs, there is no resource allocation header and resource
alocation type 0 is assumed.

- Resource block assignment:

- For resource alocation type 0 defined in section 7.1.6.1 of [3]:

- (N R/ P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined in section 7.1.6.2 of [3]:

- [log,(P)] bits of this field are used as a header specific to this resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span
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: ((N R ! P-‘— [log, (P)] —1) bits provide the resource allocation

where the value of P depends on the number of DL resource blocks as indicated in section 7.1.6.1 of [3]

TPC command for PUCCH — 2 bits as defined in section 5.1.2.1 of [3]
Downlink Assignment Index — number of bits as specified in Table 5.3.3.1.2-2.
HARQ process number - 3 bits (for cases with FDD primary cell), 4 bits (for cases with TDD primary cell)

Transport block to codeword swap flag — 1 bit

In addition, for transport block 1:

Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
New dataindicator — 1 bit
Redundancy version — 2 bits

MUST interference presence and power ratio — 0 or 2 hits as defined in section 6.3.3 of [2]. Thisfield is present
only when the UE is configured for MUST -near operation and the number of antenna ports for CRS transmission
inthe serving cell is 2

In addition, for transport block 2:

Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
New dataindicator — 1 bit
Redundancy version — 2 bits

MUST interference presence and power ratio — 0 or 2 bits as defined in section 6.3.3 of [2]. Thisfield is present
only when the UE is configured for MUST-near operation and the number of antenna ports for CRS transmission
inthe serving cell is 2

Precoding information — number of bits as specified in Table 5.3.3.1.5-3

HARQ-ACK resource offset (thisfield is present when this format is carried by EPDCCH. Thisfield is not
present when this format is carried by PDCCH) — 2 bits as defined in section 10.1 of [3]. The 2 bitsare set to 0
when thisformat is carried by EPDCCH on a secondary cell, or when thisformat is carried by EPDCCH on the
primary cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-
ACK feedback.

Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping — 2 bits as defined in sections 7.1.9
and 7.2.7 of [3]. Thisfield is present only when the UE is configured with CSl-RS-ConfigZPAperiodic.

If both transport blocks are enabled, the transport block to codeword mapping is specified according to Table
5.3.3.1.5-1.

In case one of the transport blocks is disabled as specified in section 7.1.7.2 of [3], the transport block to codeword
swap flag is reserved and the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2.

Table 5.3.3.1.5-1: Transport block to codeword mapping
(two transport blocks enabled)

transport block
to codeword
swap flag value

codeword O
(enabled)

codeword 1
(enabled)

0

transport block 1

transport block 2

1

transport block 2

transport block 1
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Table 5.3.3.1.5-2: Transport block to codeword mapping
(one transport block enabled)

codeword 0 codeword 1
transport block 1 transport block 2 (enabled) (disabled)
enabled disabled transport block 1 -
disabled enabled transport block 2 -

The interpretation of the precoding information field depends on the number of enabled codewords according to Table
5.3.3.1.5-4 and Table 5.3.3.1.5-5. Note that TPMI indicates which codebook index is used in Table 6.3.4.2.3-1 or Table
6.3.4.2.3-2 of [2]. For asingle enabled codeword, indices 18 to 34 inclusivein Table 5.3.3.1.5-5 are only supported for
retransmission of the corresponding transport block if that transport block has previoudly been transmitted using two
layers with closed-loop spatial multiplexing.

If the number of information bitsin format 2 carried by PDCCH belongs to one of the sizesin Table 5.3.3.1.2-1, one
zero bit shall be appended to format 2.

Some entriesin Table 5.3.3.1.5-4 and Table 5.3.3.1.5-5 are used for indicating that the eNodeB has applied precoding
according to PMI(s) reported by the UE. In these cases the precoding for the corresponding RB(s) in subframenis
according to the latest PMI(s) in an aperiodic CSI reported on or before subframe n-4. For aperiodic CSI mode 2-2:
Precoding of scheduled resource blocks belonging to the reported preferred M subband(s) use precoder(s) according to
the preferred M subband PMI indicated by the latest aperiodic CSI report; Precoding of scheduled resource blocks not
belonging to the reported preferred M subband(s) use a precoder according to the wideband PMI indicated by the latest
aperiodic CSl report.

Table 5.3.3.1.5-3: Number of bits for precoding information

Number of antenna ports at eNodeB Number of bits for precoding information
2 3
4 6

ETSI



3GPP TS 36.212 version 14.4.0 Release 14 166

ETSI TS 136 212 V14.4.0 (2017-10)

Table 5.3.3.1.5-4: Content of precoding information field for 2 antenna ports

One codeword:
Codeword 0 enabled,
Codeword 1 disabled

Two codewords:
Codeword 0 enabled,
Codeword 1 enabled

Bit field Bit field
mapped to Message mapped Message
index to index

0 2 layers: Transmit 0 2 layers: Precoding

diversity corresponding to
precoder matrix

111 1

211 -

1 1 layer: Precoding 1 2 layers: Precoding
corresponding to corresponding to
precoding vector precoder matrix

b 1 /v2 1 [1 1 }
2] -]

2 1 layer: Precoding 2 2 layers: Precoding
corresponding to according to the latest
precoder vector PMI report on

il PUSCH, using the
[1 1] /\/E precoder(s) indicated
by the reported
PMI(s)

3 1 layer: Precoding 3 reserved
corresponding to
precoder vector

L il /42

4 1 layer: Precoding 4 reserved
corresponding to
precoder vector
b -] /2

5 1 layer: 5 reserved

Precoding according to
the latest PMI report on
PUSCH, using the
precoder(s) indicated by
the reported PMI(s),
if RI=2 was reported,
using 15t column
multiplied by ~/2 of all
precoders implied by the
reported PMI(s)

6 1 layer: 6 reserved
Precoding according to
the latest PMI report on

PUSCH, using the
precoder(s) indicated by
the reported PMI(s),
if RI=2 was reported,
using 2" column
multiplied by ~/2 of all
precoders implied by the
reported PMI(s)
7 reserved 7 reserved
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Table 5.3.3.1.5-5: Content of precoding information field for 4 antenna ports

One codeword: Two codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled

Bit field Bit field
mapped to Message mapped Message
index to index
0 4 layers: Transmit 0 2 layers: TPMI=0
diversity
1 1 layer: TPMI=0 1 2 layers: TPMI=1
2 1 layer: TPMI=1 . .
. . 15 2 layers: TPMI=15
16 1 layer: TPMI=15 16 2 layers: Precoding
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
17 1 layer: Precoding 17 3 layers: TPMI=0
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
18 2 layers: TPMI=0 18 3 layers: TPMI=1
19 2 layers: TPMI=1 . .
. . 32 3 layers: TPMI=15
33 2 layers: TPMI=15 33 3 layers: Precoding
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
34 2 layers: Precoding 34 4 layers: TPMI=0
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
35-63 reserved 35 4 layers: TPMI=1
49 4 layers: TPMI=15
50 4 layers: Precoding
according to the latest
PMI report on PUSCH
using the precoder(s)
indicated by the reported
PMI(s)
51 - 63 Reserved

5.3.3.1.5A Format 2A

The following information is transmitted by means of the DCI format 2A:

- Carrier indicator — 0 or 3 hits. Thefield is present according to the definitionsin [3].

- Resource allocation header (resource allocation type 0/ type 1) — 1 bit as defined in section 7.1.6 of [3]
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If downlink bandwidth isless than or equal to 10 PRBs, there is no resource alocation header and resource
alocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 as defined in section 7.1.6.1 of [3]

- ’_N s | P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined in section 7.1.6.2 of [3]

- |_I ogz(P)-| bits of thisfield are used as a header specific to this resource alocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

: (( Ny / P-‘—|_I 09, (P)-|—1) bits provide the resource allocation

where the value of P depends on the number of DL resource blocks as indicated in section 7.1.6.1 of [3]
- TPC command for PUCCH — 2 bits as defined in section 5.1.2.1 of [3]
- Downlink Assignment Index —number of bits as specified in Table 5.3.3.1.2-2.
- HARQ process number - 3 bits (for cases with FDD primary cell), 4 bits (for cases with TDD primary cell)
- Transport block to codeword swap flag — 1 bit
In addition, for transport block 1:
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New dataindicator — 1 bit
- Redundancy version — 2 hits
In addition, for transport block 2:
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New dataindicator — 1 bit
- Redundancy version — 2 hits
- Precoding information — number of bits as specified in Table 5.3.3.1.5A-1

- HARQ-ACK resource offset (thisfield is present when this format is carried by EPDCCH. Thisfield is not present
when thisformat is carried by PDCCH) — 2 bits as defined in section 10.1 of [3]. The 2 bits are set to 0 when this
format is carried by EPDCCH on a secondary cell, or when this format is carried by EPDCCH on the primary
cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-ACK
feedback. - MUST interference presence and power ratio — 0 or 2 bits as defined in section 6.3.3 of [2]. Thisfield
is present only when the UE is configured for MUST-near operation and the number of antenna ports for CRS
transmission in the serving cell is 2.

- Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping — 2 bits as defined in sections 7.1.9 and
7.2.7 of [3]. Thisfield is present only when the UE is configured with CS-RS-ConfigZPAperiodic.

If both transport blocks are enabled, the transport block to codeword mapping is specified according to Table
5.3.3.1.5-1.

In case one of the transport blocks is disabled, the transport block to codeword swap flag is reserved and the transport
block to codeword mapping is specified according to Table 5.3.3.1.5-2.
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The precoding information field is defined according to Table 5.3.3.1.5A-2. For asingle enabled codeword, index 1 in
Table 5.3.3.1.5A-2 is only supported for retransmission of the corresponding transport block if that transport block has
previously been transmitted using two layers with large delay CDD.

For transmission with 2 antenna ports, the precoding information field is not present. The number of transmission layers
isequal to 2 if both codewords are enabled; transmit diversity is used if codeword O is enabled while codeword 1 is
disabled.

If the number of information bitsin format 2A carried by PDCCH belongs to one of the sizesin Table 5.3.3.1.2-1, one
zero bit shall be appended to format 2A.

Table 5.3.3.1.5A-1: Number of bits for precoding information

Number of antenna ports at eNodeB Number of bits for precoding information
2 0
4 2

Table 5.3.3.1.5A-2: Content of precoding information field for 4 antenna ports

One codeword: Two codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled

Bit field Bit field
mapped to Message mapped Message
index to index
0 4 layers: Transmit 0 2 layers: precoder
diversity cycling with large delay
CDD
1 2 layers: precoder 1 3 layers: precoder
cycling with large delay cycling with large delay
CDD CDD
2 reserved 2 4 layers: precoder
cycling with large delay
CDD
3 reserved 3 reserved

5.3.3.1.5B Format 2B
The following information is transmitted by means of the DCI format 2B:
- Carrier indicator — 0 or 3 bits. The field is present according to the definitionsin [3].
- Resource alocation header (resource alocation type 0/ type 1) — 1 bit as defined in section 7.1.6 of [3]

If downlink bandwidth isless than or equal to 10 PRBs, there is no resource alocation header and resource
alocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 as defined in section 7.1.6.1 of [3]
- (N R / P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined in section 7.1.6.2 of [3]

- [log, (P)] bits of this field are used as a header speific to this resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span
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: (( Ny / P-‘—|_I 09, (P)-|—1) bits provide the resource allocation

where the value of P depends on the number of DL resource blocks asindicated in section [7.1.6.1] of [3]

- TPC command for PUCCH — 2 bits as defined in section 5.1.2.1 of [3]

- Downlink Assignment Index — number of bits as specified in Table 5.3.3.1.2-2.

- HARQ process number - 3 hits (for cases with FDD primary cell), 4 bits (for cases with TDD primary cell)
- Scrambling identity— 1 bit as defined in section 6.10.3.1 of [2]

- SRS request — [0-1] hit. Thisfield can only be present for TDD operation and if present is defined in section 8.2 of
(3]

In addition, for transport block 1:
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New dataindicator — 1 bit
- Redundancy version — 2 hits

In addition, for transport block 2;
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New dataindicator — 1 bit
- Redundancy version — 2 hits

- HARQ-ACK resource offset (thisfield is present when this format is carried by EPDCCH. Thisfield is not present
when thisformat is carried by PDCCH) — 2 bits as defined in section 10.1 of [3]. The 2 bits are set to 0 when this
format is carried by EPDCCH on a secondary cell, or when thisformat is carried by EPDCCH on the primary
cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-ACK
feedback.

- MUST interference presence and modulation (Thisfield is present only when the UE is configured for MUST
operation) — 0 or 2 hits. The field isdefined in Table 5.3.3.1.5C-3, where the interfering antenna port isin { 7,8}
excluding the antenna port for transmission. The interfering antenna port has the same scrambling identity as
indicated in the “ Scrambling identity” field.

- SRS timing offset — 3 hitsas defined in [3]. Thisfield is present only when the DCI format is used for scheduling
PDSCH inaLAA SCell and the UE is configured with uplink transmission on the LAA SCell.

- Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping — 2 bits as defined in sections 7.1.9 and
7.2.7 of [3]. Thisfield is present only when the UE is configured with CS-RS-ConfigZPAperiodic.

If both transport blocks are enabled, the number of layers equals two; transport block 1 is mapped to codeword 0; and
transport block 2 is mapped to codeword 1. Antenna ports 7 and 8 are used for spatial multiplexing.

In case one of the transport blocks is disabled, the number of layers equals one; the transport block to codeword
mapping is specified according to Table 5.3.3.1.5-2; and the antenna port for single-antenna port transmission is
according to Table 5.3.3.1.5B-1.

Table 5.3.3.1.5B-1: Antenna port for single-antenna port transmission (one transport block disabled)

New data indicator of the disabled transport block | Antenna port
0 7

1 8

If the number of information bitsin format 2B carried by PDCCH belongs to one of the sizesin Table 5.3.3.1.2-1, one
zero bit shall be appended to format 2B.
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5.3.3.1.5C Format 2C
The following information is transmitted by means of the DCI format 2C:
- Carrier indicator — 0 or 3 bits. The field is present according to the definitionsin [3].
- Resource allocation header (resource allocation type 0/ type 1) — 1 bit as defined in section 7.1.6 of [3]

If downlink bandwidth is less than or equal to 10 PRBS, thereis no resource alocation header and resource
alocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 as defined in section 7.1.6.1 of [3]

- (N R / P-‘ bits provide the resource allocation
- For resource allocation type 1 as defined in section 7.1.6.2 of [3]

- |_I 09, (P)-| bits of thisfield are used as a header specific to this resource alocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

: (( Ny / P-‘—|_I 09, (P)-|—1) bits provide the resource allocation

where the value of P depends on the number of DL resource blocks asindicated in section [7.1.6.1] of [3]

- TPC command for PUCCH — 2 bits as defined in section 5.1.2.1 of [3]

- Downlink Assignment Index — number of bits as specified in Table 5.3.3.1.2-2.

- HARQ process humber - 3 bits (for cases with FDD primary cell), 4 bits (for cases with TDD primary cell)

- Antenna port(s), scrambling identity and number of layers — 3 bits as specified in Table 5.3.3.1.5C-1 where nxcip is
the scrambling identity for antenna ports 7 and 8 defined in section 6.10.3.1 of [2], or 4 bits as specified in Table
5.3.3.1.5C-2 where hgoip is the scrambling identity for antenna ports 7, 8, 11 and 13 defined in section 6.10.3.1
of [2] when higher layer parameter dmrs-tableAlt is set to 1, or 1 bit as specified in Table 5.3.3.1.5C-6 where
nscip IS the scrambling identity for antenna ports 7 and 8 defined in section 6.10.3.1 of [2] when higher layer
parameter semiOpenLoop is configured.

- SRS request —[0-1] hit. Thisfield can only be present for TDD operation and if present is defined in section 8.2 of
(3]

In addition, for transport block 1:
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New dataindicator — 1 bit
- Redundancy version — 2 bits

In addition, for transport block 2:
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New dataindicator — 1 bit
- Redundancy version — 2 hits

- HARQ-ACK resource offset (thisfield is present when this format is carried by EPDCCH. Thisfield is not present
when this format is carried by PDCCH) — 2 hits as defined in section 10.1 of [3]. The 2 bits are set to 0 when this
format is carried by EPDCCH on a secondary cell, or when this format is carried by EPDCCH on the primary
cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-ACK
feedback.
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- MUST interference presence, antenna port, and modulation (thisfield is only present when the UE is configured
for MUST operation) — 2 bits when higher layer parameter dmrs-tableAlt is not configured or is set to O, 4 bits
when higher layer parameter k-max is set to 1 and dmrs-tableAlt =1, or 6 bits when k-max is set to 3 and dnrs-
tableAlt =1. For the 2 and 6 bit fields, two bits are defined for each interfering antenna port in Table 5.3.3.1.5C-
3, where asingle interfering antennaport isin { 7,8} excluding the antenna port for transmission, and multiple
interfering antenna portsarein {7,8,11,13} excluding the antenna ports for transmission. For the 6 bit field, the
two or four LSB are reserved in the case of two or one interfering antenna port, respectively. For the 4 bit field,
two MSB are defined for interference presence and antenna port in Table 5.3.3.1.5C-4 where the single
interfering antenna port is one of {7,8,11,13} excluding the antenna port for transmission, and two LSB are
defined for interference modulation in 5.3.3.1.5C-5. The interfering antenna port(s) have the same scrambling
identity and OCC length asindicated in the “ Antenna port(s), scrambling identity and number of layers’ field.

- SRStiming offset — 3 bits as defined in [3]. Thisfield is present only when the DCI format is used for scheduling
PDSCH inaLAA SCell and the UE is configured with uplink transmission on the LAA SCell.

- Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping — 2 bits as defined in sections 7.1.9 and
7.2.7 of [3]. Thisfield is present only when the UE is configured with CS-RS-ConfigZPAperiodic.

If both transport blocks are enabled; transport block 1 is mapped to codeword 0; and transport block 2 is mapped to
codeword 1. When higher layer parameter semiOpenLoop is configured, antenna ports 7 and 8 are used for spatial

multiplexing.

In case one of the transport blocks is disabled; the transport block to codeword mapping is specified according to Table
5.3.3.1.5-2. For the single enabled codeword, Value=4, 5, 6 in Table 5.3.3.1.5C-1 or Value= 12, 13,14 in Table
5.3.3.1.5C-2 are only supported for retransmission of the corresponding transport block if that transport block has
previously been transmitted using two, three or four layers, respectively. When higher layer parameter semiOpenLoop is
configured, antenna ports 7 and 8 are used for transmit diversity.

If the number of information bitsin format 2C carried by PDCCH belongsto one of the sizesin Table 5.3.3.1.2-1, one
zero bit shall be appended to format 2C.

Table 5.3.3.1.5C-1: Antenna port(s), scrambling identity and number of layers indication

One Codeword: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled

Value Message Value Message
0 1 layer, port 7, nscip=0 0 2 layers, ports 7-8, nscip=0
1 1 layer, port 7, nscip=1 1 2 layers, ports 7-8, nscio=1
2 1 layer, port 8, nscip=0 2 3 layers, ports 7-9
3 1 layer, port 8, nscip=1 3 4 layers, ports 7-10
4 2 layers, ports 7-8 4 5 layers, ports 7-11
5 3 layers, ports 7-9 5 6 layers, ports 7-12
6 4 layers, ports 7-10 6 7 layers, ports 7-13
7 Reserved 7 8 layers, ports 7-14
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One Codeword: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled
Value Message Value Message
0 1 layer, port 7, nscip=0 (OCC=2) 0 2 layer, port 7-8, nscip=0 (OCC=2)
1 1 layer, port 7, nscip=1 (OCC=2) 1 2 layer, port 7-8, nscip=1 (OCC=2)
2 1 layer, port 8, nscip=0 (OCC=2) 2 2 layer, port 7-8, nscip=0 (OCC=4)
3 1 layer, port 8, hscip=1 (OCC=2) 3 2 layer, port 7-8, nscip=1 (OCC=4)
4 1 layer, port 7, nscip=0 (OCC=4) 4 2 layer, port 11,13, nscip=0 (OCC=4)
5 1 layer, port 7, nscip=1 (OCC=4) 5 2 layer, port 11,13, nscip=1 (OCC=4)
6 1 layer, port 8, nscip=0 (OCC=4) 6 3 layer, port 7-9
7 1 layer, port 8, nscip=1 (OCC=4) 7 4 layer, port 7-10
8 1 layer, port 11, nscip=0 (OCC=4) 8 5 layer, port 7-11
9 1 layer, port 11, nscip=1 (OCC=4) 9 6 layer, port 7-12
10 1 layer, port 13, nscip=0 (OCC=4) 10 7 layers, ports 7-13
11 1 layer, port 13, nscip=1 (OCC=4) 11 8 layers, ports 7-14
12 2 layers, ports 7-8 12 Reserved
13 3 layers, ports 7-9 13 Reserved
14 4 layers, ports 7-10 14 Reserved
15 Reserved 15 Reserved

Table 5.3.3.1.5C-3: Content of MUST interference presence and modulation for an antenna port

Bit field Message
00 No interference presence
01 Interference is present with QPSK
10 Interference is present with 16QAM
11 Interference is present with 64QAM or 256QAM

Table 5.3.3.1.5C-4: Content of MUST interference presence and antenna port

Bit field Message
00 No interference presence
01 First antenna port
10 Second antenna port
11 Third antenna port

Table 5.3.3.1.5C-6: Antenna port(s), scrambling identity and number of layers indication

Table 5.3.3.1.5C-5: Content of MUST interference modulation

Bit field Message
00 QPSK
01 16QAM
10 64QAM
11 2560AM

One Codeword:Codeword 0 enabled, Codeword 1 disabled

Or
Two Codewords:Codeword 0 enabled, Codeword 1 enabled
Value Message
0 2 layer, port 7-8, nscip=0
1 2 layer, port 7-8, nscip=1
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5.3.3.1.5D Format 2D
The following information is transmitted by means of the DCI format 2D:
- Carrier indicator — 0 or 3 bits. The field is present according to the definitionsin [3].
- Resource allocation header (resource allocation type 0/ type 1) — 1 bit as defined in section 7.1.6 of [3]

If downlink bandwidth is less than or equal to 10 PRBS, thereis no resource alocation header and resource
alocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 as defined in section 7.1.6.1 of [3]

- (N R / P-‘ bits provide the resource allocation
- For resource allocation type 1 as defined in section 7.1.6.2 of [3]

- |_I 09, (P)-| bits of thisfield are used as a header specific to this resource alocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

: (( Ny / P-‘—|_I 09, (P)-|—1) bits provide the resource allocation

where the value of P depends on the number of DL resource blocks asindicated in section [7.1.6.1] of [3]

- TPC command for PUCCH — 2 bits as defined in section 5.1.2.1 of [3]

- Downlink Assignment Index — number of bits as specified in Table 5.3.3.1.2-2.

- HARQ process humber - 3 bits (for cases with FDD primary cell), 4 bits (for cases with TDD primary cell)

- Antenna port(s), scrambling identity and number of layers — 3 bits as specified in Table 5.3.3.1.5C-1 where nxcip is
the scrambling identity for antenna ports 7 and 8 defined in section 6.10.3.1 of [2], or 4 bits as specified in Table
5.3.3.1.5C-2 where hgoip is the scrambling identity for antenna ports 7, 8, 11 and 13 defined in section 6.10.3.1
of [2] when higher layer parameter dmrs-tableAlt is set to 1, or 1 bit as specified in Table 5.3.3.1.5C-6 where
nscip IS the scrambling identity for antenna ports 7 and 8 defined in section 6.10.3.1 of [2] when higher layer
parameter semiOpenLoop is configured.

- SRS request —[0-1] hit. Thisfield can only be present for TDD operation and if present is defined in section 8.2 of
(3]

In addition, for transport block 1:
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New dataindicator — 1 bit
- Redundancy version — 2 bits
In addition, for transport block 2:
- Modulation and coding scheme — 5 bits as defined in section 7.1.7 of [3]
- New dataindicator — 1 bit
- Redundancy version — 2 hits
- PDSCH RE Mapping and Quasi-Co-Location Indicator — 2 bits as defined in sections 7.1.9 and 7.1.10 of [3]

- HARQ-ACK resource offset (thisfield is present when this format is carried by EPDCCH. Thisfield is not present
when this format is carried by PDCCH) — 2 hits as defined in section 10.1 of [3]. The 2 bits are set to 0 when this
format is carried by EPDCCH on a secondary cell, or when thisformat is carried by EPDCCH on the primary

ETSI



3GPP TS 36.212 version 14.4.0 Release 14 175 ETSI TS 136 212 V14.4.0 (2017-10)

cell scheduling PDSCH on a secondary cell and the UE is configured with PUCCH format 3 for HARQ-ACK
feedback.

- MUST interference presence, antenna port, and modulation (this field is only present when the UE is configured
for MUST operation) — 2 bits when higher layer parameter dmrs-tableAlt is not configured or is set to 0, 4 bits
when higher layer parameter k-max is set to 1 and dmrs-tableAlt =1, 6 bits when k-max is set to 3 and dmrs-
tableAlt =1. For the 2 and 6 bit fields, two bits are defined for each interfering antenna port in Table 5.3.3.1.5C-
3, where asingle interfering antennaport isin { 7,8} excluding the antenna port for transmission, and multiple
interfering antenna ports are in {7,8,11,13} excluding the antenna ports for transmission. For the 6 bit field, the
two or four LSB are reserved in the case of two or one interfering antenna port, respectively. For the 4 bit field,
two M SB are defined for interference presence and antenna port in Table 5.3.3.1.5C-4 where the single
interfering antenna port is one of {7,8,11,13} excluding the antenna port for transmission, and two LSB are
defined for interference modulation in 5.3.3.1.5C-5. The interfering antenna port(s) have the same scrambling
identity and OCC length as indicated in the “ Antenna port(s), scrambling identity and number of layers’ field.

- SRS timing offset — 3 bits as defined in [3]. Thisfield is present only when the DCI format is used for scheduling
PDSCH inaLAA SCell and the UE is configured with uplink transmission on the LAA SCell.

- Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping — 2 bits as defined in sections 7.1.9 and
7.2.7 of [3]. Thisfield is present only when the UE is configured with CS-RS-ConfigZPAperiodic.

If both transport blocks are enabled; transport block 1 is mapped to codeword O; and transport block 2 is mapped to
codeword 1. When higher layer parameter semiOpenLoop is configured, antenna ports 7 and 8 are used for spatial
multiplexing.

In case one of the transport blocks is disabled; the transport block to codeword mapping is specified according to Table
5.3.3.1.5-2. For the single enabled codeword, Value =4, 5, 6 in Table 5.3.3.1.5C-1 or Value =12, 13,14 in Table
5.3.3.1.5C-2 are only supported for retransmission of the corresponding transport block if that transport block has
previously been transmitted using two, three or four layers, respectively. When higher layer parameter semiOpenLoop is
configured, antenna ports 7 and 8 are used for transmit diversity.

If the number of information bitsin format 2D carried by PDCCH belongsto one of the sizesin Table 5.3.3.1.2-1, one
zero bit shall be appended to format 2D.

5.3.3.1.6 Format 3
DCI format 3 is used for the transmission of TPC commands for PUCCH and PUSCH with 2-bit power adjustments.
The following information is transmitted by means of the DCI format 3:

- TPC command number 1, TPC command number 2,..., TPC command number N

where N = V“(L;MJ , and where Lsomato 1S €equal to the payload size of format 0 before CRC attachment when

format O is mapped onto the common search space, including any padding bits appended to format 0. The
parameter tpc-1ndex or tpc-Index-PUCCH-SCell-r13 provided by higher layers determines the index to the TPC
command for agiven UE.

L L
If { fOr;IOJ < forgaw , abit of value zero shall be appended to format 3.

For BL/CE UE, Liorma 0 @nd format 0 are replaced by Lsorma 6-0a @0d format 6-0A, respectively, in the description above.

5.3.3.1.7 Format 3A

DCI format 3A is used for the transmission of TPC commands for PUCCH and PUSCH with single bit power
adjustments.

The following information is transmitted by means of the DCI format 3A:

- TPC command number 1, TPC command number 2,..., TPC command number M

ETSI



3GPP TS 36.212 version 14.4.0 Release 14 176 ETSI TS 136 212 V14.4.0 (2017-10)

where M = Ligrmat o, 8nd where Lot o iS equal to the payload size of format 0 before CRC attachment when format

0 is mapped onto the common search space, including any padding bits appended to format 0. The parameter tpc-1ndex
or tpc-1ndex-PUCCH-SCell-r 13 provided by higher layers determines the index to the TPC command for a given UE.

For BL/CE UE, Ltormato@nd format O are replaced by Lrormat 604 8nd format 6-0A, respectively, in the description above.

5.3.3.1.7A Format 3B

DCI format 3B is used for the transmission of a group of TPC commands for SRS transmissions by one or more UEs.
Along with a TPC command, a SRS request may aso be transmitted.

The following information is transmitted by means of the DCI format 3B:
- block number 1, block number 2, ..., block number B

where the starting position of ablock is determined by the parameter startingBitOfFormat3B provided by higher
layers for the UE configured with the block.

If a UE has more than 5 TDD SCells configured without PUCCH and without PUSCH, one block is configured for the
UE by higher layers, with the following fields defined for the block:

- SRSrequest — 0 or 2 hits. Thisfield is present, and if present interpreted, according to the definition in Section
8.2 of [3].

- TPC command number 1, TPC command number 2, ..., TPC command number n

The n TPC command fields correspond to a set of n TDD SCells without PUCCH and without PUSCH, with the
set indicated by the SRS request field or determined by higher layersif thereis no SRS request field present. A
TPC command field has 1 bit if the parameter fieldTypeFormat3B provided by higher layers has a value of 1 or
3, and 2 bitsif the parameter fieldTypeFormat3B has a value of 2 or 4.

If aUE hasup to 5 TDD SCells configured without PUCCH and without PUSCH, one or more blocks each
corresponding to an SCell are configured by higher layers, with the following fields defined for each block:

- SRSreguest - 0, 1, or 2 bits, where the number of bitsis determined in Section 8.2 of [3].

- TPC command - 1 or 2 bits, where the number of bitsis 1 if the parameter fieldTypeFormat3B provided by higher
layershasavalue of 1 or 3, and 2 if the parameter fieldTypeFormat3B has a value of 2 or 4.

The size of format 3B isequal t0 Ligmg o, and where Ligmg o 1S equal to the payload size of format O before CRC
attachment when format 0 is mapped onto the common search space, including any padding bits appended to format O.

5.3.3.1.8 Format 4
DCI format 4 is used for the scheduling of PUSCH in one UL cell with multi-antenna port transmission mode,
The following information is transmitted by means of the DCI format 4.

- Carrier indicator — 0 or 3 bits. The field is present according to the definitionsin [3].

UL
- Resource block assignment - maX( ﬂogz(NSé(Né’é+1)/2)wlogszRB/ P”m] bits, where P is the
4

UL RBG size as defined in section 8.1.2 of [3]

- For resource alocation type O:

- The (’_Iogz(Né{é (Ngs +1)/2)-‘ ) L SBs provide the resource allocation in the UL subframe as defined in
section 8.1.1 of [3]

- For resource alocation type 1:
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Nes /P+1
- The IOQ{U RB4 L SBs provide the resource allocation in the UL subframe as defined in

section 8.1.2 of [3]
- TPC command for scheduled PUSCH — 2 bits as defined in section 5.1.1.1 of [3]
- Cyclic shift for DM RS and OCC index and IFDMA configuration — 3 bits as defined in section 5.5.2.1.1 of [2]

- UL index — 2 bits as defined in sections 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (thisfield is present only for TDD
operation with uplink-downlink configuration O, or TDD operation with uplink-downlink configuration 6 and
special subframe configuration 10 when the higher layer parameter symPUSCH-UpPtsis configured)

- Downlink Assignment Index (DAI) — 2 bits as defined in section 7.3 of [3] (thisfield is present only for cases
with TDD primary cell and either TDD operation with uplink-downlink configurations 1-6 or FDD operation)

- CSlrequest—1, 2, 3, 4 or 5 hitsas defined in section 7.2.1 of [3].

If UEs are not configured with CSI-RS-ConfigNZPAperiodic or if UEs are configured with CSI-RS-
ConfigNZPA periodic and numberActivatedA periodicCSI-RS-Resources=1 for each CS| process,

the 2-bit field appliesto UEs configured with no more than five DL cells and to
- UEsthat are configured with more than one DL cell;
- UEsthat are configured by higher layers with more than one CSI process,

- UEsthat are configured with two CSlI measurement sets by higher layers with the parameter csi-
MeasSubframeSet;

the 3-bit field appliesto UEs that are configured with more than five DL cells;
otherwise the 1-bit field applies

If UEs are configured with CSI-RS-ConfigNZPAperiodic and numberActivatedAperiodicCSI-RS-Resources>1
for at least one CSl process,

the 4-bit field appliesto UEs configured with no more than five DL cells and to
- UEsthat are configured with more than one DL cell;
- UEsthat are configured by higher layers with more than one CSl process;

- UEsthat are configured with two CSlI measurement sets by higher layers with the parameter csi-
MeasSubframeSet;

the 5-bit field appliesto UEs that are configured with more than five DL cells;
otherwise the 3-bit field applies.

- SRSrequest — 2 hits as defined in section 8.2 of [3]

- Resource alocation type — 1 bit as defined in section 8.1 of [3]

- Cyclic Shift Field mapping table for DMRS — 1 bit as defined in section 5.5.2.1.1 of [2]. The 1-bit field applies
to UEs that are configured with higher layer parameter UL-DMRS-IFDMA.

In addition, for transport block 1:
- Modulation and coding scheme and redundancy version — 5 bits as defined in section 8.6 of [3]
- New dataindicator — 1 bit

In addition, for transport block 2:

- Modulation and coding scheme and redundancy version — 5 bhits as defined in section 8.6 of [3]
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- New dataindicator — 1 bit

Precoding information and number of layers. number of bits as specified in Table 5.3.3.1.8-1. Bit field as shown in
Table5.3.3.1.8-2 and Table 5.3.3.1.8- 3. Note that TPMI for 2 antenna ports indicates which codebook index isto be
used in Table 5.3.3A.2-1 of [2], and TPMI for 4 antenna ports indicates which codebook index isto be used in Table
5.3.3A.2-2, Table 5.3.3A.2-3, Table 5.3.3A.2-4 and Table 5.3.3A.2-5 of [2]. If both transport blocks are enabled,
transport block 1 is mapped to codeword 0; and transport block 2 is mapped to codeword 1. In case one of the transport
blocks is disabled, the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2. For asingle
enabled codeword, indices 24 to 39 in Table 5.3.3.1.8-3 are only supported for retransmission of the corresponding
transport block if that transport block has previously been transmitted using two layers.

Table 5.3.3.1.8-1: Number of bits for precoding information

Number of antenna ports at UE

Number of bits for precoding information

2

3

4

6

Table 5.3.3.1.8-2: Content of precoding information field for 2 antenna ports

One codeword: Two codewords:
Codeword 0 enabled Codeword 0 enabled
Codeword 1 disabled Codeword 1 enabled
Bit field mapped to index Message Bit field mapped to index Message

0 1 layer: TPMI=0 0 2 layers: TPMI=0
1 1 layer: TPMI=1 1-7 reserved
2 1 layer: TPMI=2
5 1 layer: TPMI=5

6-7 reserved

Table 5.3.3.1.8-3: Content of precoding information field for 4 antenna ports

One codeword: Two codewords:
Codeword 0 enabled Codeword 0 enabled
Codeword 1 disabled Codeword 1 enabled
Bit field mapped to index Message Bit field mapped to index Message
0 1 layer: TPMI=0 0 2 layers: TPMI=0
1 1 layer: TPMI=1 1 2 layers: TPMI=1
23 1 layer: TPMI=23 15 2 layers: TPMI=15
24 2 layers: TPMI=0 16 3 layers: TPMI=0
25 2 layers: TPMI=1 17 3 layers: TPMI=1
39 2 layers: TPMI=15 27 3 layers: TPMI=11
40-63 reserved 28 4 layers: TPMI=0
29 -63 Reserved

If the number of information bitsin format 4 is equal to the payload size for DCI format 1, 2, 2A, 2B, 2C or 2D

associated with the configured DL transmission mode in the same serving cell, one zero bit shall be appended to format

4.

5.3.3.1.8A

Format 4A

DCI format 4 is used for the scheduling of PUSCH inaLAA SCell with multi-antenna port transmission mode.

The following information is transmitted by means of the DCI format 4A:
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Carrier indicator — 0 or 3 bits. The field is present according to the definitionsin [3].

PUSCH trigger A — 1 bit, where value 0 indicates non-triggered scheduling and value 1 indicates triggered
scheduling as defined in section 8.0 of [3].

Timing offset — 4 bits as defined in section 8.0 of [3].
- When the PUSCH trigger A issetto O,

- Thefield indicates the absolute timing offset for the PUSCH transmission.
- Otherwise,

- Thefirst two bits of the field indicate the timing offset, relative to the UL offset | as defined in section
13A of [3], for the PUSCH transmission.

- Thelast two bits of the field indicate the time window within which the scheduling of PUSCH via
triggered scheduling is valid.

Resource block assignment — 5 or 6 bits provide the resource alocation in the UL subframe as defined in section
8.1.4 of [3].

HARQ process number — 4 bits.

Redundancy version — 2 hits as defined in section 8.6.1 of [3] which is common for both transport blocks.
TPC command for scheduled PUSCH — 2 bits as defined in section 5.1.1.1 of [3]

Cyclic shift for DM RS and OCC index — 3 bits as defined in section 5.5.2.1.1 of [2]

CSl request — 1, 2 or 3 bits as defined in section 7.2.1 of [3]. The 2-bit field applies to UEs configured with no
more than five DL cellsand to

- UEsthat are configured with more than one DL cell;
- UEsthat are configured by higher layers with more than one CSl process;

- UEsthat are configured with two CSlI measurement sets by higher layers with the parameter csi-
MeasSubframeSet;

the 3-bit field appliesto UEs that are configured with more than five DL cells;
otherwise the 1-bit field applies.

SRS request — 2 hits as defined in section 8.2 of [3].

PUSCH starting position — 2 bits as specified in Table 5.3.3.1.1A-1.

PUSCH ending symbol — 1 bit, where value 0 indicates the last symbol of the subframe and value 1 indicates the
second to last symbol of the subframe.

Channel Accesstype— 1 bit asdefined in section 15.2 of [3].

Channel Access Priority Class— 2 bits as defined in section 15.2 of [3].

In addition, for transport block 1:

Modulation and coding scheme and redundancy version — 5 bits as defined in section 8.6 of [3].

New data indicator — 1 bit.

In addition, for transport block 2:

Modulation and coding scheme and redundancy version — 5 bits as defined in section 8.6 of [3].

New data indicator — 1 bit.

ETSI



3GPP TS 36.212 version 14.4.0 Release 14 180 ETSI TS 136 212 V14.4.0 (2017-10)

Precoding information and number of layers: number of bits as specified in Table 5.3.3.1.8-1. Bit field as shown in
Table5.3.3.1.8-2 and Table 5.3.3.1.8- 3. Note that TPMI for 2 antenna ports indicates which codebook index isto be
used in Table 5.3.3A.2-1 of [2], and TPMI for 4 antenna ports indicates which codebook index isto be used in Table
5.3.3A.2-2, Table 5.3.3A.2-3, Table 5.3.3A.2-4 and Table 5.3.3A.2-5 of [2]. If both transport blocks are enabled,
transport block 1 is mapped to codeword 0; and transport block 2 is mapped to codeword 1. In case one of the transport
blocksis disabled, the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2. For asingle
enabled codeword, indices 24 to 39 in Table 5.3.3.1.8-3 are only supported for retransmission of the corresponding
transport block if that transport block has previously been transmitted using two layers.

If the number of information bitsin format 4A is equal to the payload size for DCI format 1, 2, 2A, 2B, 2C or 2D
associated with the configured DL transmission mode in the same serving cell, one zero bit shall be appended to format
4A.

5.3.3.1.8B Format 4B

DCI format 4B is used for the scheduling of PUSCH with multi-antenna port transmission mode in each of multiple
subframesinaLAA SCell.

The following information is transmitted by means of the DCI format 4B:
- Carrier indicator — 0 or 3 bits. Thefield is present according to the definitionsin [3].

- PUSCH trigger A — 1 hit, where value 0 indicates non-triggered scheduling and value 1 indicates triggered
scheduling as defined in section 8.0 of [3].

- Timing offset — 4 bits as defined in section 8.0 of [3].
- When the PUSCH trigger A isset to 0,
- Thefield indicates the absolute timing offset for the PUSCH transmission.
- Otherwise,

- Thefirst two bits of the field indicate the timing offset, relative to the UL offset | as defined in section
13A of [3], for the PUSCH transmission.

- Thelast two bits of the field indicate the time window within which the scheduling of PUSCH via
triggered scheduling is valid.

- Number of scheduled subframes— 1 or 2 bits. The 1-bit field applies when maxNumber OfSchedSubframes-
Format4B-r14 is configured by higher layersto two, otherwise the 2-bit field applies.

- Resource block assignment — 5 or 6 bits provide the resource allocation in the UL subframe as defined in section
8.1.4of [3].

- HARQ process number — 4 bits. The 4-bit applies to the first scheduled subframe, and the HARQ process
numbers for other scheduled subframes are defined in section 8.0 of [3].

- Redundancy version — maxNumber Of SchedSubframes-Format4B-r 14 bits. Each scheduled PUSCH corresponds
to 1 bit as defined in section 8.6.1 of [3]. Redundancy version is common for both transport blocks.

- TPC command for scheduled PUSCH — 2 hits as defined in section 5.1.1.1 of [3].
- Cyclic shift for DM RS and OCC index — 3 bits as defined in section 5.5.2.1.1 of [2].

- CSl request — 1, 2 or 3 hitsas defined in section 7.2.1 of [3]. The 2-hit field applies to UEs configured with no
more than five DL cellsand to

- UEsthat are configured with more than one DL cell;
- UEsthat are configured by higher layers with more than one CSl process;

- UEsthat are configured with two CSlI measurement sets by higher layers with the parameter csi-
MeasSubframeSet;

the 3-bit field appliesto UEs that are configured with more than five DL cells;
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otherwise the 1-bit field applies.
- SRSrequest — 2 hits as defined in section 8.2 of [3].

- PUSCH starting position — 2 bits as specified in Table 5.3.3.1.1A-1 applicable to only the first scheduled
subframe.

- PUSCH ending symbol — 1 bit, where value O indicates the last symbol of the last scheduled subframe and value
1 indicates the second to last symbol of the last scheduled subframe.

- Channel Accesstype— 1 hit as defined in section 15.2 of [3].
- Channel Access Priority Class— 2 bits as defined in section 15.2 of [3].
In addition, for transport block 1:
- Modulation and coding scheme and redundancy version — 5 hits as defined in section 8.6 of [3].

- New data indicator — maxNumber Of SchedSubframes-Format4B-r 14 bits. Each scheduled PUSCH corresponds to
1 bit.

In addition, for transport block 2:
- Modulation and coding scheme and redundancy version — 5 hits as defined in section 8.6 of [3].

- New data indicator — maxNumber Of SchedSubframes-Format4B-r 14 bits. Each scheduled PUSCH corresponds to
1 hit.

Precoding information and number of layers: number of bits as specified in Table 5.3.3.1.8-1. Bit field as shownin
Table5.3.3.1.8-2 and Table 5.3.3.1.8- 3. Note that TPMI for 2 antenna ports indicates which codebook index isto be
used in Table 5.3.3A.2-1 of [2], and TPMI for 4 antenna ports indicates which codebook index isto be used in Table
5.3.3A.2-2, Table 5.3.3A.2-3, Table 5.3.3A.2-4 and Table 5.3.3A.2-5 of [2]. If both transport blocks are enabled,
transport block 1 is mapped to codeword 0; and transport block 2 is mapped to codeword 1. In case one of the transport
blocksis disabled, the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2. For asingle
enabled codeword, indices 24 to 39 in Table 5.3.3.1.8-3 are only supported for retransmission of the corresponding
transport block if that transport block has previously been transmitted using two layers.

If the number of information bitsin format 4B is equal to the payload size for DCI format 1, 2, 2A, 2B, 2C or 2D
associated with the configured DL transmission mode in the same serving cell, one zero bit shall be appended to format
4B.

5.3.3.1.9 Format 5

DCI format 5 is used for the scheduling of PSCCH, and a so contains several SCI format O fields used for the
scheduling of PSSCH.

The following information is transmitted by means of the DCI format 5:
- Resource for PSCCH — 6 bits as defined in section 14.2.1 of [3]
-TPC command for PSCCH and PSSCH — 1 bit as defined in sections 14.2.1 and 14.1.1 of [3]
- SCI format O fields according to 5.4.3.1.1.
- Frequency hopping flag
- Resource block assignment and hopping resource allocation
- Time resource pattern

If the number of information bitsin format 5 mapped onto a given search space is less than the payload size of format 0
for scheduling the same serving cell, zeros shall be appended to format 5 until the payload size equals that of format 0
including any padding bits appended to format O.
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5.3.3.1.9A Format 5A

DCI format 5A is used for the scheduling of PSCCH, and also contains several SCI format 1 fields used for the
scheduling of PSSCH.

The following information is transmitted by means of the DCI format 5A:
- Carrier indicator —3 bits. Thisfield is present according to the definitionsin [3].
- Lowest index of the subchannel allocation to theinitial transmission - (Iogz(N;Lbchame,)-‘ bits as defined in
section 14.1.1.4C of [3].
- SCI format 1 fields according to 5.4.3.1.2:
- Freguency resource location of initia transmission and retransmission.
- Time gap between initial transmission and retransmission.

- SL index — 2 bits as defined in section 14.2.1 of [3] (thisfield is present only for cases with TDD operation with
uplink-downlink configuration 0-6).

When the format 5A CRC is scrambled with SL-SPS-V-RNTI, the following fields are present:
- SL SPS configuration index — 3 bits as defined in section 14.2.1 of [3].
- Activation/release indication — 1 bit as defined in section 14.2.1 of [3].

If the number of information bitsin format 5A mapped onto a given search space is less than the payload size of format
0 mapped onto the same search space, zeros shall be appended to format 5A until the payload size equals that of format
0 including any padding bits appended to format O.

If the format 5A CRC is scrambled by SL-V-RNTI and if the number of information bitsin format 5A mapped onto a
given search space is less than the payload size of format 5A with CRC scrambled by SL-SPS-V-RNTI mapped onto
the same search space and format O is hot defined on the same search space, zeros shall be appended to format 5A until
the payload size equal s that of format 5A with CRC scrambled by SL-SPS-V-RNTI.

5.3.3.1.10 Format 6-0A
DCI format 6-0A is used for the scheduling of PUSCH in one UL cell.
The following information is transmitted by means of the DCI format 6-0A:

- Flag format 6-0A/format 6-1A differentiation — 1 bit, where value 0 indicates format 6-0A and value 1 indicates
format 6-1A

- Fregquency hopping flag — 1 bit, where value O indicates frequency hopping is not enabled and value 1 indicates
frequency hopping is enabled as defined in section 5.3.4 of [2]

UL
- Resource block assignment — {Iog{ NgB ﬂ +5 bits for PUSCH as defined in [3]:

- If the 5 LSB hitsindicate a value not larger than 20

UL
- {Iogz{N—gB MSB bits provide the narrowband index as defined in section 5.2.4 of [2]
- 5 bits provide the resource allocation using UL resource allocation type O within the indicated
narrowband
- Otherwise,
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UL
- {Iog{ NgB H +5 bits provide the resource allocation using UL resource allocation type 4 as defined in

(3]
- Modulation and coding scheme — 4 bits as defined in section 8.6 of [3]

- Repetition number — 2 or 3 bits as defined in section 8.0 of [3]. The 3-bit field applies when ce-pdsch-
puschEnhancement-config is configured by higher layers, otherwise the 2-bit field applies.

- HARQ process number — 3 bits

- New dataindicator — 1 bit

- Redundancy version — 2 hits

- TPC command for scheduled PUSCH — 2 bits as defined in section 5.1.1.1 of [3]

- UL index — 2 bits as defined in sections 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (thisfield is present only for TDD
operation with uplink-downlink configuration 0)

- Downlink Assignment Index (DAI) — 2 bits as defined in section 7.3 of [3] (Thisfield is present only for cases
with TDD primary cell and either TDD operation with uplink-downlink configurations 1-6 or FDD operation.
Thisfield is reserved when the configured maximum repetition number is larger than 1 for MPDCCH, or when
the higher layer parameter csi-NumRepetitionCE-r 13 indicates more than one subframe)

- CSl request — 1 bit as defined in section 7.2.1 of [3]
- SRSrequest —1 bit. The interpretation of thisfield is provided in section 8.2 of [3]
- DCI subframe repetition number — 2 bits as defined in section 9.1.5 of [3]

- Modulation order override — 1 bit as defined in section 8.6.1 of [3]. Thisfield is only present when ce-pdsch-
puschEnhancement-config is configured by higher layers

If the number of information bitsin format 6-0A mapped onto a given search space is less than the payload size of
format 6-1A for scheduling the same serving cell and mapped onto the same search space (including any padding bits
appended to format 6-1A), zeros shall be appended to format 6-0A until the payload size equals that of format 6-1A.

5.3.3.1.11 Format 6-0B
DCI format 6-0B is used for the scheduling of PUSCH in one UL cell.
The following information is transmitted by means of the DCI format 6-0B:

- Flag for format 6-0B/format 6-1B differentiation — 1 bit, where value O indicates format 6-0B and value 1
indicates format 6-1B

UL
- Resource block assignment — {Iog{ NgB ﬂ +3 bitsfor PUSCH as defined in [3]:

N UL

- 3 bits provide the resource allocation within the indicated narrowband as specified in section 8.1.3 of [3]

MSB bits provide the narrowband index as defined in section 5.2.4 of [2]

- Modulation and coding scheme — 4 bits as defined in section 8.6 of [3]
- Repetition number — 3 bits as defined in section 8.0 of [3]
- HARQ process number — 1 bit

- New dataindicator — 1 bit
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- DCI subframe repetition number — 2 bits as defined in section 9.1.5 of [3]

If the number of information bits in format 6-0B mapped onto a given search space is less than the payload size of
format 6-1B for scheduling the same serving cell and mapped onto the same search space (including any padding bits
appended to format 6-1B), zeros shall be appended to format 6-0B until the payload size equals that of format 6-1B.

5.3.3.1.12 Format 6-1A

DCI format 6-1A is used for the compact scheduling of one PDSCH codeword in one cell, random access procedure
initiated by a PDCCH order, and notifying SC-M CCH change. The DCI corresponding to a PDCCH order can be
carried by MPDCCH.

The following information is transmitted by means of the DCI format 6-1A:

- Flag format 6-0A/format 6-1A differentiation — 1 bit, where value O indicates format 6-0A and value 1 indicates
format 6-1A

Format 6-1A is used for random access procedure initiated by a PDCCH order only if format 6-1A CRC is
scrambled with C-RNTI and al the remaining fields are set as follows:

DL
Resource block assignment — {IOQZ{N%H +5 bits, where all bits shall be set to 1

- Preamble Index — 6 bits
- PRACH Mask Index — 4 hits, [5]
- Starting CE level — 2 bits provide the PRACH starting CE level asdefined in [5]

- All the remaining bitsin format 6-1A for compact scheduling assignment of one PDSCH codeword are set to
zero

Otherwise,

- Frequency hopping flag — 1 bit, where value 0 indicates frequency hopping is not enabled and value 1 indicates
frequency hopping is enabled as defined in section 6.4.1 of [2]

- Resource block assignment flag — 1 bit. Thisfield is only present when the higher layer parameter ce-pdsch-
maxBandwidth-config is configured and set to 20 MHz.

- Resource block assignment —

- If ce-pdsch-maxBandwidth-config is set to 5 MHz or mpdcch-PDSCH-MaxBandwidth-SC-MTCH is set to 24
PRBs or the resource block assignment flag is set to 1,

DL
If N > 25, {Iog{ NgB H+8 bits for PDSCH as defined in [3]:

N DL
- {Iog{ gB H MSB bits provide the starting narrowband index as defined in section 6.2.7 of [2]

- 3 bit bitmap provides additional allocated narrowbands among the three narrowbands following the
starting narrowband. The order of the bitmap to narrowband index mapping is such that the first
narrowband after the starting narrowband to the third narrowband after the starting narrowband are
mapped to MSB to LSB of the bitmap.

- 5 bits provide the same resource allocation using DL resource allocation type 2 within each of the
allocated narrowbands.

ETSI



3GPP TS 36.212 version 14.4.0 Release 14 185 ETSI TS 136 212 V14.4.0 (2017-10)

NDL
- Elseif 6< N <25, { gB + 5 bitsfor PDSCH as defined below:

DL
{%J MSB bits provide a bitmap of allocated narrowbands. The order of the bitmap to

N DL
narrowband index mapping is such that narrowband index 0 to {%J — 1 are mapped to MSB to

LSB of the bitmap.

- 5 bits provide the same resource allocation using DL resource allocation type 2 within each of the
allocated narrowbands

- Otherwise, 5 bitsfor PDSCH as defined below:
- 5 hits provide resource alocation using DL resource allocation type 2
- Elseif theresource block assignment flag is set to O:

DL
Neg | . o  nDL
S bits provide the RBG bitmap as defined in section 7.x of [3], where S=9 if NRB > 75 and

S=6 otherwise

- Reserved information bits are added until the size is equal to the size of the resource block assignment
with resource block assignment flagissetto 1

DL
- Otherwise, {Iog{N—gBﬂ +5 bits for PDSCH as defined in [3]:

NDL

- 5bits provide the resource allocation using DL resource alocation type 2 within the indicated
narrowband

MSB bits provide the narrowband index as defined in section 6.2.7 of [2]

- Modulation and coding scheme — 4 bits as defined in section 7.1.7 of [3]
- Repetition number — 2 bits as defined in section 7.1.11 of [3]

- HARQ process number — 3 bits (for cases with FDD primary cell), 4 bits (for cases with TDD primary cell, or
for cases with FDD primary cell when ce-pdsch-tenProcesses-config is configured by higher layers). Thisfield is
not present when the format 6-1A CRC is scrambled with G-RNTI.

- New dataindicator — 1 bit. Thisfield is not present when the format 6-1A CRC is scrambled with G-RNTI.
- Redundancy version — 2 hits
- TPC command for PUCCH — 2 bits as defined in section 5.1.2.1 of [3]

- If theformat 6-1A CRC is scrambled by RA-RNTI:

- Themost significant bit of the TPC command is reserved.

- Theleast significant bit of the TPC command indicates column NéﬁB of the TBS table defined of [3].
- If least significant bitis O then Naz = 2 else Ning = 3.

- Else
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- Thetwo bitsincluding the most significant bit indicate the TPC command

- Downlink Assignment Index —number of bits as specified in Table 5.3.3.1.2-2. Thisfield is reserved when the
configured maximum repetition number islarger than 1 for MPDCCH, and not present when the format 6-1A
CRC is scrambled with G-RNTI, or when the higher layer parameter csi-NumRepetitionCE-r13 indicates more
than one subframe.

- Antennaport(s) and scrambling identity — 2 bits indicating the values 0 to 3, as specified in Table 5.3.3.1.5C-1.
Thisfield is present only if PDSCH transmission is configured with TM9 for DCI formats scheduling PDSCH
which are mapped onto the UE specific search space given by the C-RNTI as defined in [3].

- SRSrequest -1 bit. The interpretation of thisfield is provided in section 8.2 of [3]
- TPMI information for precoding — number of bits as specified in Table 5.3.3.1.3A-1.

- TPMI information indicates which codebook index isused in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [2]
corresponding to the single-layer transmission. Thisfield is present only if PDSCH transmission is
configured with TM6 for DCI formats scheduling PDSCH which are mapped onto the UE specific search
space given by the C-RNTI as defined in [3].

- PMI confirmation for precoding — 1 bit as specified in Table 5.3.3.1.3A-2. Thisfield is present only if PDSCH
transmission is configured with TM6 for DCI formats scheduling PDSCH which are mapped onto the UE
specific search space given by the C-RNTI as defined in [3].

- HARQ-ACK resource offset — 0 or 2 bits as defined in section 10.1 of [3] (thisfield is 0 bitsif Information for
SC-MCCH change notification is present)

- Information for SC-MCCH change notification — 2 bits as defined in section 5.8a of [6] (thisfield is present if
the format 6-1A CRC is scrambled with G-RNTI)

- DCI subframe repetition number — 0 or 2 bits as defined in section 9.1.5 of [3] (thisfield is 0 bitsif Transport
blocksin abundleis present)

- Transport blocksin abundle — 2 bits as defined in section 7.x of [3] (thisfield is present when higher layer
parameter ce-HargAckBundling-config is configured)

- HARQ-ACK bundling flag — 1 bit, where value 0 indicates HARQ-ACK bundling is not enabled and value 1
indicates HARQ-ACK bundling is enabled as defined in section 7.3 of [3]. Thisfield is only present when the
higher layer parameter ce-HargAckBundling-config is configured.

- HARQ-ACK delay — 3 bitsas defined in 7.3 of [3]. Thisfield is only present when the higher layer parameter ce-
schedulingEnhancement-config or ce-HargAckBundling-config is configured.

When the format 6-1A CRC is scrambled with a RA-RNTI, then the following fields among the fields above are
reserved:

- HARQ process humber

- New dataindicator

- Downlink Assignment Index
- HARQ-ACK resource offset

If the UE is not configured to decode MPDCCH with CRC scrambled by the C-RNTI and the format 6-1A CRC is not
scrambled with a G-RNTI, and the number of information bitsin format 6-1A isless than that of format 6-0A, zeros
shall be appended to format 6-1A until the payload size equals that of format 6-0A.

If the UE is configured to decode MPDCCH with CRC scrambled by the C-RNTI and the format 6-1A CRC is not
scrambled with a G-RNTI, and the number of information bitsin format 6-1A mapped onto a given search space is less
than that of format 6-0A for scheduling the same serving cell and mapped onto the same search space, zeros shall be
appended to format 6-1A until the payload size equals that of format 6-0A.

5.3.3.1.13 Format 6-1B

DCI format 6-1B is used for the scheduling of one PDSCH codeword in one cell and notifying SC-MCCH change.
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The following information is transmitted by means of the DCI format 6-1B:

- Flag for format 6-0B/format 6-1B differentiation — 1 bit, where value O indicates format 6-0B and value 1
indicates format 6-1B

Format 6-1B is used for random access procedure initiated by a PDCCH order only if format 6-1B CRC is
scrambled with C-RNTI and all the remaining fields are set as follows:

DL
Reserved bits— {IOQZ{N%H +2 bits, where all bits shall be set to 1

- Preamble Index — 6 bits
- PRACH Mask Index — 4 hits [5]
- Starting CE level — 2 bits provide the PRACH starting CE level asdefined in [5]

- All the remaining bitsin format 6-1B for compact scheduling assignment of one PDSCH codeword are set to
zero

Otherwise,
- Modulation and coding scheme — 4 bits as defined in section 7.1.7 of [3]
- Resource block assignment —

- If ce-pdsch-maxBandwidth-config is set to 5 MHz or mpdcch-PDSCH-MaxBandwidth-SC-MTCH is set to 24
PRBs,

DL

- If N > 25, {Iog{l\;? H+4 bits for PDSCH as defined in [3]:

N DL
{Iog{ ZZB MSB bits provide the wideband index as defined in section 6.2.7 of [2]

- 4 bits provide a narrowband bitmap for resource allocation within the indicated wideband

DL
- Otherwise, { gB J bits for PDSCH as defined below:

DL
- if {ﬂJ =1, 1 bit provides the resource allocation within the narrowband, where value 0 indicates

RBswith PRB index {0, 1, 2, 3} and value 1 indicates that all 6 PRBs are used.

DL
- Otherwise, { gB J bits provide allocated narrowbands

- Elseif ce-pdsch-maxBandwidth-config is set to 20 MHz,

DL
- If N =50, {Iog{ NZT H+5 bits for PDSCH as defined in [3]:

N DL
- {Iog{ 235 H +1 bits provide a wideband combination index as defined in section 7.1.6 of [3]
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- 4 bits provide a narrowband bitmap for resource allocation within each indicated wideband

DL
- Otherwise, {%J bits for PDSCH as defined in [3]:

DL
- f {%J =1, 1 hit provides the resource allocation within the narrowband, where value 0 indicates

RBswith PRB index {0, 1, 2, 3} and value 1 indicates that all 6 PRBs are used.

DL
- Otherwise, { gB J bits provide a narrowband bitmap for resource allocation

DL
_ Otherwise, {logz{NgB H +1 bits for PDSCH as defined in [3]:

DL
Ak

- 1 bit provides the resource alocation within the indicated narrowband, where value 0 indicates RBs with
PRB index {0, 1, 2, 3} and value 1 indicates that all 6 PRBs are used.

MSB bits provide the narrowband index as defined in section 6.2.7 of [2]

- Repetition number — 3 bits as defined in section 7.1.11 of [3]
- HARQ process number — 1 bit. Thisfield is not present when the format 6-1B CRC is scrambled with G-RNTI.
- New dataindicator — 1 bit. Thisfield is not present when the format 6-1B CRC is scrambled with G-RNTI.

- HARQ-ACK resource offset — 0 or 2 bits as defined in section 10.1 of [3] (thisfield is 0 bitsif Information for
SC-MCCH change notification is present)

- Information for SC-MCCH change notification — 2 bits as defined in section 5.8a of [6] (thisfield is present if
the format 6-1B CRC is scrambled with G-RNTI)

- DCI subframe repetition number —2 bits as defined in section 9.1.5 of [3]

When the format 6-1B CRC is scrambled with a RA-RNTI then the following fields among the fields above are
reserved:

- HARQ process number
- New dataindicator
- HARQ-ACK resource offset

If the UE is not configured to decode MPDCCH with CRC scrambled by the C-RNTI and the format 6-1B CRC is not
scrambled with a G-RNTI, and the number of information bitsin format 6-1B is less than that of format 6-0B, zeros
shall be appended to format 6-1B until the payload size equals that of format 6-0B.

If the UE is configured to decode MPDCCH with CRC scrambled by the C-RNTI and the format 6-1B CRC is not
scrambled with a G-RNTI, and the number of information bitsin format 6-1B mapped onto a given search spaceisless
than that of format 6-0B for scheduling the same serving cell and mapped onto the same search space, zeros shall be
appended to format 6-1B until the payload size equals that of format 6-0B.

5.3.3.1.14 Format 6-2

DCI format 6-2 is used for paging, direct indication, scheduling of one PDSCH codeword carrying SC-MCCH in one
cell, and notifying SC-MCCH change.

The following information is transmitted by means of the DCI format 6-2:
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- If theformat 6-2 CRC is scrambled by P-RNTI:

- Flag for paging/direct indication differentiation — 1 bit, with value O for direct indication and value 1 for
paging

- Elseif theformat 6-2 CRC is scrambled by a SC-RNTI:
- Information for SC-MCCH change notification — 1 bit as defined in section 5.8a of [6]
- If theformat 6-2 CRC is scrambled by P-RNTI and Flag=0:

- Direct Indication information — 8 bits provide direct indication of system information update and other fields,
asdefined in [6]

- Reserved information bits are added until the size is equal to that of format 6-2 with Flag=1
- If theformat 6-2 CRC is scrambled by P-RNTI and Flag=1, or if the format 6-2 CRC is scrambled by SC-RNTI:

DL
Resource block assignment — {Iog{ NgB H bits for the narrowband index as defined in section 7.1.6 of [3]

Modulation and coding scheme — 3 bits as defined in section 7.1.7 of [3]

Repetition number — 3 bits as defined in section 7.1.11 of [3]

DCI subframe repetition number — 2 bits as defined in section 9.1.5 of [3]

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

The entire payload is used to calculate the CRC parity bits. Denote the bits of the payload by a,, a,,a,,a3,...,a,4, and
the parity bitsby pg, P1, P2, P53, PL_1- Aisthe payload size and L is the number of parity bits.

The parity bits are computed and attached according to section 5.1.1 setting L to 16 bits, resulting in the sequence
by,by,b,,bs,..., b5, Wwhere B=A+ L.

In the case where closed-loop UE transmit antenna selection is not configured or applicable, after attachment, the CRC

parity bits are scrambled with the corresponding RNTI X, i o, Xengi 10+ Xrnii 15 » Where X o corresponds to the MSB of

the RNTI, to form the sequence of bitsc,, ¢, C,, C3,...,Cg_; - The relation between ¢, and by is:
Ck:bk fOI’kZO,l,Z,...,A—l
C = (b + Xmi k_a)mod 2 for k=A, A+l, A+2,..., A+15.

In the case where closed-loop UE transmit antenna selection is configured and applicable, after attachment, the CRC
parity bits with DCI format 0 or DCI format 6-0OA are scrambled with the antenna selection mask X, o, Xag 11+ Xas 15 85

indicated in Table 5.3.3.2-1 and the corresponding RNTI X, i 0, X 1.+ X 15 t0 fOrm the sequence of bits
Cy,C;,Cy,Cs,..., Cg_1 - Therelation between ¢k and by is:

Ck:bk fOI’k=O, 1,2,...,A‘1

Cy = (bk + Xenti koA T xAS,k_A)mod 2 fork=A A+l A+2,.., A+15.
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Table 5.3.3.2-1: UE transmit antenna selection mask

UE transmit antenna selection Antenna selection mask
< XAS,O’ XAS,l’ B XAS,lS >
UE port 0 <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0>
UE port 1 <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 1>
5.3.3.3 Channel coding

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

After encoding the bits are denoted by d{,d{",d{",d{’,....,d{) , with i =01, and 2, and where D isthe number of
bits on the i-th coded stream, i.e., D=K..
5.3.34 Rate matching

A tail biting convolutionally coded block is delivered to the rate matching block. This block of coded bits is denoted by
d,d0,d0,d8,..,d{),, with i =0,and 2, and wherei is the coded stream index and D is the number of bitsin
each coded stream. This coded block is rate matched according to section 5.1.4.2.

After rate matching, the bits are denoted by e,,e,,e,,€;,...,6c_; , Where E is the number of rate matched bits.

534 Control format indicator

Data arrives each subframe to the coding unit in the form of an indicator for the time span, in units of OFDM symbols,
of the DCI carried by PDCCH in that subframe of the corresponding DL cell. The CFI takesvalues CFl =1, 2 or 3. For

system bandwidths NRs > 10, the span of the DCI carried by PDCCH in units of OFDM symbols, 1, 2 or 3, is given by

the CFI. For system bandwidths NS5 <10, the span of the DCI carried by PDCCH in units of OFDM symbols, 2, 3 or
4, isgiven by CFI+1.

The coding flow is shown in Figure 5.3.4-1.

|

Channel coding

Bo By l
Figure 5.3.4-1 Coding for CFlI

5.34.1 Channel coding

The control format indicator is coded according to Table 5.3.4-1.

Table 5.3.4-1: CFl code words

CFl code word
CFI <bo, by, ..., bz >

1 <011011,0211,0,1,10,1,10,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1>
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2 <10110110110110,1,101101,10,1,1,0,1,1,0,1,1,0>
3 <110110,110,1,10,1,10,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1>
4

(Reserved) <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>

5.35 HARQ indicator (HI)

Data arrives to the coding unit in the form of indicators for HARQ acknowledgement for one transport block.

"

Channel coding

The coding flow is shown in Figure 5.3.5-1.

by, by, b, l
Figure 5.3.5-1 Coding for HI

5.35.1 Channel coding

The HI is coded according to Table 5.3.5-1, where for a positive acknowledgement HI = 1 and for a negative
acknowledgement HI = 0.

Table 5.3.5-1: HI code words

HI code word
HI < bo, by, b2>
0 <0,0,0>
1 <111>

5.4 Sidelink transport channels and control information

54.1 Sidelink broadcast channel

Figure 5.4.1-1 shows the processing structure for the SL-BCH transport channel. Data arrivesto the coding unit in the
form of a maximum of one transport block. The following coding steps can be identified:

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

The coding steps for SL-BCH transport channel are shown in the figure below. In addition, after rate matching PUSCH
interleaving is applied according to sections 5.2.2.7 and 5.2.2.8 without any control information in order to apply a

time-first rather than frequency-first mapping, where C,,,, =2 (Nss;mb —3) and the sequence of bitsfisequal to e. For

SL-BCH configured by higher layersfor V2X sidelink, C,,, =2 (NSSyLmb —2)—3 is used.
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Ay, 3y, Ap g l

CRC attachment

CO’C_I.""’CK{L v

Channel coding

40,49 ,..d0,

Rate matching

€0, €, €E_1 l
Figure 5.4.1-1: Transport channel processing for SL-BCH

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

The entire transport block is used to calculate the CRC parity bits. Denote the bits in a transport block delivered to layer
lbyay,a,a,,8s,..,a, 1, and the parity bitsby py, p;, P2, P3,---,» P31 - Aisthe 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 section 6.1.1 of [5].

The parity bits are computed and attached according to section 5.1.1 setting L to 16 hits, resulting in the sequence of
bitscy,¢;,Cy,Cs,-..,C_y Where ¢, =b, fork=0,1, 2, ..., K-1 and K=A+L.
54.1.2 Channel coding

Information bits are delivered to the channel coding block. They are denoted by ¢;,¢;,c,,C3,...,Ck; , Where K isthe
number of bits, and they are tail biting convolutionally encoded according to section 5.1.3.1.

After encoding the bits are denoted by d’,d",d{",d{",...,d$,, withi =0.,and 2, and where D is the number of bits
on thei-th coded stream, i.e, D=K..
54.13 Rate matching

A tail biting convolutionally coded block is delivered to the rate matching block. This block of coded bits is denoted by
d$?,dM.d{?,d{,....d§), , withi =01, and 2, and wherei is the coded stream index and D is the number of bitsin each
coded stream. This coded block is rate matched according to section 5.1.4.2.

After rate matching, the bits are denoted by ,,€,,&,,€;,...,€_; , where E is the number of rate matched bits as defined
in section 9.6.1 of [2].

5472 Sidelink shared channel

The processing of the sidelink shared channel follows the downlink shared channel according to section 5.3.2, with the
following differences:

- Dataarrivesto the coding unit in the form of a maximum of one transport block every transmission timeinterval
(TTI)
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- Inthe step of code block concatenation, the sequence of coded bits corresponding to one transport block after
code block concatenation is referred to as one codeword in section 9.3.1 of [2].

- PUSCH interleaving is applied according to sections 5.2.2.7 and 5.2.2.8 without any control information in order

to apply atime-first rather than frequency-first mapping, where C,, =2- (N;?,Lmb —1). For SL-SCH configured by

higher layers for V2X sidelink, C,, =2-(NSk,, —2) is used.

54.3 Sidelink control information
An SCI transports sidelink scheduling information.

The processing for one SCI follows the downlink control information according to section 5.3.3, with the following
differences:

- Inthe step of CRC attachment, no scrambling is performed.

- PUSCH interleaving is applied according to sections 5.2.2.7 and 5.2.2.8 without any control information in order

to apply atime-first rather than frequency-first mapping, where C,, =2- (N;"mb —1) and the sequence of bitsfis

equal to e. For SCI format 1, C,,, =2 (N S _2)_

5431 SCI formats
The fields defined in the SCI formats below are mapped to the information bits ag to aa.1 asfollows.

Each field is mapped in the order in which it appears in the description, with the first field mapped to the lowest order
information bit ap and each successive field mapped to higher order information bits. The most significant bit of each
field is mapped to the lowest order information bit for that field, e.g. the most significant bit of the first field is mapped
to ao.

54311 SCI format 0
SCI format O is used for the scheduling of PSSCH.
The following information is transmitted by means of the SCI format O:

- Frequency hopping flag — 1 bit as defined in section 14.1.1 of [3].

- Resource block assignment and hopping resource allocation — ’_Iogz(N % (N F%E +1/ 2)-‘ bits

- For PSSCH hopping:

- Ns__hop MSB bits are used to obtain the value of Nprg (i) asindicated in section 8.4 of [3]
- U—I 09, (NS5 (NS5 +1)/ 2)-‘ - NSL_hOpj bits provide the resource allocation in the subframe

- For non-hopping PSSCH:

- U—Iogz(Ngé (N% +1)/2)-‘ j bits provide the resource allocation in the subframe as defined in section
8.1.1of [3]
- Time resource pattern — 7 bits as defined in section 14.1.1 of [3].
- Modulation and coding scheme — 5 bits as defined in section 14.1.1 of [3]
- Timing advance indication — 11 bits as defined in section 14.2.1 of [3]

- Group destination ID — 8 bits as defined by higher layers

ETSI



3GPP TS 36.212 version 14.4.0 Release 14 194 ETSI TS 136 212 V14.4.0 (2017-10)

54.3.1.2 SClI format 1
SCI format 1 is used for the scheduling of PSSCH.
The following information is transmitted by means of the SCI format 1:
- Priority - 3 bitsas defined in section 4.4.5.1 of [7].
- Resource reservation — 4 hits as defined in section 14.2.1 of [3].
- Frequency resource location of initial transmission and retransmission — ’_I092(Ni,"bch‘,jme,(Ni,';mh‘,j‘nnel +1)/ 2)-‘
bits as defined in section 14.1.1.4C of [3].
- Time gap between initial transmission and retransmission - 4 bits as defined in section 14.1.1.4C of [3].
- Modulation and coding scheme — 5 hits as defined in section 14.2.1 of [3].
- Retransmission index — 1 bit as defined in section 14.2.1 of [3].

- Reserved information bits are added until the size of SCI format 1 is equal to 32 bits. The reserved bits are set to
zero.

5.4.4  Sidelink discovery channel

The processing of the sidelink discovery channel follows the downlink shared channel according to section 5.3.2, with
the following differences:

- Dataarrivesto the coding unit in the form of a maximum of one transport block every transmission time interval
(TTI).

- Inthe step of code block concatenation, the sequence of coded bits corresponding to one transport block after
code block concatenation is referred to as one codeword in section 9.5.1 of [2].

- PUSCH interleaving is applied according to sections 5.2.2.7 and 5.2.2.8 without any control information in order
to apply atime-first rather than frequency-first mapping, where C,, =2- (N;?,Lmb —1).

6 Narrowband loT

6.1 Mapping to physical channels

For Narrowband 10T, transport channels are mapped onto narrowband physical channels, the channel coding,
multiplexing, and interleaving of which are specified in sections 6.3 and 6.4 for the uplink and downlink, respectively.
Table 6.1-1 specifies the mapping of the uplink transport channelsto their corresponding physical channels. Table 6.1-2
specifies the mapping of the downlink transport channelsto their corresponding physical channels.Table 6.1-3 specifies
the mapping of control channel information to its corresponding physical channel.
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Table 6.1-1
TrCH Physical Channel
UL-SCH NPUSCH (format 1)
RACH NPRACH
Table 6.1-2
TrCH Physical Channel
DL-SCH NPDSCH
BCH NPBCH
PCH NPDSCH
Table 6.1-3

Control information

Physical Channel

UcCl

NPUSCH (format 2)

DCI

NPDCCH

6.2 Generic procedures

The generic procedures for channel coding, multiplexing and interleaving are as in section 5.1 unless otherwise noted in

section 6.

Usage of coding scheme and coding rate for the different types of TrCH is shown in table 6.2-1. Usage of coding
scheme and coding rate for the different control information typesis shown in table 6.2-2.

Table 6.2-1: Usage of channel coding scheme and coding rate for TrCHs

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

Table 6.2-2: Usage of channel coding scheme and coding rate for control information.

Control Information Coding scheme | Coding rate
Tail biting
DCI convolutional 1/3
coding
UCl Block code 1/16
6.3 Uplink transport channels and control information

6.3.1 Random access channel

The sequence for the random access channel is processed according to [2].
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6.3.2 Uplink shared channel

Figure 6.3.2-1 shows the processing structure for the UL-SCH transport channel. Data arrives to the coding unit in the
form of a maximum of one transport block over a number of resource units per UL cell. The number of resource unitsis
scheduled according to [3]. The following coding steps can be identified:

- CRC attachment
- Channel coding

- Rate matching

ay,3y,.-,p 1 l

CRC attachment

CsCpyeesCr 1 v

Channel coding

49.40,..d9, |

Rate matching

€88 i

Figure 6.3.2-1: Transport block processing for UL-SCH

The CRC attachment, channel coding, and rate matching are performed according to sections 5.2.2.1, 5.2.2.3, and
5.2.2.4, respectively, with the following differences:

- Insection5.1.4.1.2 inthe calculation of G’ , Qmis 1 for n/2-BPSK and 2 for n/4-QPSK, and rvie = 0 or 2.

In addition, after rate matching interleaving is applied per resource unit according to sections 5.2.2.7 and 5.2.2.8
without any control information in order to apply atime-first rather than frequency-first mapping, where the input

sequenceto 5.2.2.7 isthe portion of e for aresource unit instead of f, and where C_, = N;’/,Lnb —1)st’oLtS is the number

of SC-FDMA symbols for NPUSCH in a UL resource unit as given in section 10.1.2.3 of [2].

6.3.3 Uplink control information on NPUSCH without UL-SCH data

When control datais sent via NPUSCH without UL-SCH data and arrives to the coding unit in the form of an indicator
for HARQ acknowledgement for one transport block, the coding flow is as shown in Figure 6.3.3-1.

ACK
o |

Channel coding

|

Figure 6.3.3-1: Coding for HARQ-ACK
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ACK

The one bit information of HARQ-ACK O, is coded according to Table 6.3.3-1, where for a positive

acknowledgement OS\CK = 1 and for a negative acknowledgement O(?CK =0.

Table 6.3.3-1: HARQ-ACK code words

HARQ-ACK HARQ-ACK code word
< 0(')“‘CK > < bo, by, bz,... b1s>
0 <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>
1 <1,2111,1111111111,1>
6.4 Downlink transport channels and control information

6.4.1 Broadcast channel

The processing structure for the BCH transport channel is according to Section 5.3.1, with the following differences:
- Thetransmission timeinterval (TTI) is 640ms
- Thesize of the BCH transport block is set to 34 bits

- The CRC mask for NPBCH is selected according to 1 or 2 transmit antenna ports at eNodeB according to Tabl