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Foreword

This Technical Specification has been producechbydt Generation Partnership Project (3GPP).

The contents of the present document are subjextrtinuing work within the TSG and may changedaiing formal
TSG approval. Should the TSG modify the contenthefpresent document, it will be re-released kyTtBG with an
identifying change of release date and an increagersion number as follows:

Version x.y.z
where:
x the first digit:
1 presented to TSG for information;
2 presented to TSG for approval,
3 or greater indicates TSG approved document ucttarge control.

Y the second digit is incremented for all changesubtstance, i.e. technical enhancements, correstigpdates,
etc.

z the third digit is incremented when editorialypohanges have been incorporated in the document.
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1

Scope

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

2

References

The following documents contain provisions whidirough reference in this text, constitute provisiohthe present
document.

[1]
(2]

(3]

[4]

[5]

[6]

References are either specific (identified byedzftpublication, edition number, version numbée,)eor
non-specific.

For a specific reference, subsequent revisionsad@pply.

For a non-specific reference, the latest versigplies. In the case of a reference to a 3GPP deatufimcluding
a GSM document), a non-specific reference impliaitifers to the latest version of that documernhe same
Release as the present document

3GPP TR 21.905: "Vocabulary for 3GPP Specifmad".

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

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

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

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

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

3

3.1

Definitions, symbols and abbreviations

Definitions

For the purposes of the present document, the tanehglefinitions given in [1] and the following dppA term
defined in the present document takes precedereretiow definition of the same term, if any, in [1].

BL/CE: A Bandwidth-reduced Low-complexity or Coverage &mted (BL/CE) UE is capable of coverage
enhancement mode A support and intends to acaeskia a coverage enhancement mode or is confibure
coverage enhancement mode.

3.2

Symbols

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

NF'fEL3 Downlink bandwidth configuration, expressed in t@mof resource blocks [2]
NFL{’EL3 Uplink bandwidth configuration, expressed in numiferesource blocks [2]
Ng'é Sidelink bandwidth configuration, expressed in bemof resource blocks [2]
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Resource block size in the frequency domain, esga@ as a number of subcarriers
Number of SC-FDMA symbols carrying PUSCH in a sabfe

Number of SC-FDMA symbols carrying PUSCH in thgidh PUSCH transmission subframe
Number of SC-FDMA symbols in an uplink slot
Number of SC-FDMA symbols in a sidelink slot

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

3.3 Abbreviations

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

BCH
CFlI

CP

CSl

DCI
DL-SCH
EPDCCH
FDD

HI

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

SCI
SL-BCH
SL-DCH
SL-SCH
SR

SRS
TDD
TPMI
UCl
UL-SCH

Broadcast channel
Control Format Indicator
Cyclic Prefix
Channel State Information
Downlink Control Information
Downlink Shared channel
Enhanced Physical Downlink Control channel
Frequency Division Duplexing
HARQ indicator
Licensed-Assisted Access
Multicast channel
MTC Physical Downlink Control Channel
Narrowband Physical Broadcast channel
Narrowband Physical Downlink Control channel
Narrowband Physical Downlink Shared channel
Narrowband Physical Random Access channel
Narrowband Physical Uplink Shared channel
Physical Broadcast channel
Physical Control Format Indicator channel
Paging channel
Physical Downlink Control channel
Physical Downlink Shared channel
Physical HARQ indicator channel
Physical Multicast channel
Precoding Matrix Indicator
Physical Random Access channel
Physical Sidelink Broadcast Channel
Physical Sidelink Control Channel
Physical Sidelink Discovery Channel
Physical Sidelink Shared Channel
Physical Uplink Control channel
Physical Uplink Shared channel
Random Access channel
Rank Indication
Sidelink Control Information
Sidelink Broadcast Channel
Sidelink Discovery Channel
Sidelink Shared Channel
Scheduling Request
Sounding Reference Signal
Time Division Duplexing
Transmitted Precoding Matrix Indicator
Uplink Control Information
Uplink Shared channel

3GPP



Release 13 9 3GPP TS 36.212 V13.3.0 (2016-09)

4 Mapping to physical channels

The mapping to physical channels for Narrowbandifofrovided in section 6.1.

41  Uplink

Table 4.1-1 specifies the mapping of the uplinkégort channels to their corresponding physicahohbs. Table 4.1-2
specifies the mapping of the uplink control charinfdrmation 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 downlinakgport channels to their corresponding physicahoels. Table
4.2-2 specifies the mapping of the downlink contiehnnel information to its corresponding physatannel.

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 sidelmks$port channels to their corresponding physicahoels. Table 4.3-
2 specifies the mapping of the sidelink controbinfiation to its corresponding physical channel.

3GPP
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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
3 Channel coding, multiplexing and interleaving

Data and control streams from/to MAC layer are @eco/decoded to offer transport and control sesvinesr the radio
transmission link. Channel coding scheme is a d¢oation of error detection, error correcting, ratatching,
interleaving and transport channel or control infation mapping onto/splitting from physical charsnel

5.1 Generic procedures

This section contains coding procedures which aegldor more than one transport channel or coirtfoimation type.

51.1 CRC calculation

Denote the input bits to the CRC computatiompya, , a,, as,...,a,_1, and the parity bits bg,, p;, P2, P3P - A

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

_ gCRC24P(D) - [D24 + D23 + D18 + Dl7 + D14+ Dll + D10+ D7 + D6 + DS + D4 + DS +D + 1] and;
- dercadD) = [D?* + D22+ D® + D® + D + 1] for a CRC length = 24 and;
- OcreidD) = [D*® + D2 + D% + 1] for a CRC length = 16.
- OcredD) = [D8+ D7 + D*+ D% + D + 1] for a CRC length of = 8.
The encoding is performed in a systematic formcivimeans that in GF(2), the polynomial:
aODA+23 +alDA+22 +"'+aA—1D24 ¥ pOD23+ p1D22 o+ p22Dl + Pos

yields a remainder equal to 0 when divided by threesponding length-24 CRC generator polynomiatcgnAD) or
Ocre24D), the polynomial:

aODA+15 +a1DA+14 +...+aA_1D16 + p0D15 + p1D14 +.“+ p14D1 + p15
yields a remainder equal to 0 when divided bycgdD), and the polynomial:

A+7 A+6

agDA" +a DA + . +a, D8+ pyD’ +p D8 +...+ pgDt + p;

yields a remainder equal to 0 when divided bycgD).

The bits after CRC attachment are denotebbly, ,b,,bs,...,bg_;, whereB = A+ L. The relation betweedk andbx is:
b, =a, fork=0,1, 2, ...A-1

bk = Py-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 segmentéidenoted bly,,b;,b,,bs,...,.bg_;, whereB > 0. If B is larger

than the maximum code block siZesegmentation of the input bit sequence is peréorand an additional CRC
sequence of = 24 bits is attached to each code block. Theimax code block size is:

- Z=6144.
If the number of filler bitd= calculated below is not O, filler bits are addedhe beginning of the first block.
Note that ifB < 40, filler bits are added to the beginning of teele block.
The filler bits shall be set toNMULL> at the input to the encoder.
Total number of code blocks is determined by:
if B€Z
L=0
Number of code blocksC =1

B'=B
else
L=24

Number of code blocksC = (B/(Z - L)-| .
B'=B+CI[L
end if

The bits output from code block segmentationGer 0, are denoted lwyg,C 1, C; 2, Cr3,---,C; (k, -2) » Wherer is the
code block number, ari} is the number of bits for the code block number

Number of bits in each code block (applicableG@ot O only):

First segmentation sizé< . = minimumK in table 5.1.3-3 such th& [K = B’
if C=1
the number of code blocks with lengkh, is C, =1, K_ =0, C_=0
elseifC>1

Second segmentation siZ€._ = maximumK in table 5.1.3-3 such th& <K,

Ay =K, -K_
Number of segments of sike : C_ = C[KA;_BJ
K
c-C

Number of segments of sike,: C, =C-C._.
end if
Number of filler bits:F =C, [K, +C_[K_-B’

fork =0toF-1 -- Insertion of filler bits

3GPP
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Cok =< NULL >
end for
k=F
s=0
forr =0toC-1

if r<C_

end if

while k<K, -L
Ci =bs
k=k+1
s=s+1

end while

if C>1

The sequence,,c;,¢,C 3., (,--1) IS USed to calculate the CRC parity bg, p1, pras--- Pr(L-)

according to section 5.1.1 with the generator potgial g-rc24g D). For CRC calculation it is
assumed that filler bits, if present, have the edu

whilek <K,

Ck = 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 &naiel coding is denoted by, c,,c,, Cs,...,Ck 1, WwhereK is the
number of bits to encode. After encoding the hiésdenoted bylg) : dl(i) : dg) , dg) ,...,dg)_l, whereD is the number of

encoded bits per output stream aimblexes the encoder output stream. The relationdssic, and d,ﬁi) and between
K andD is dependent on the channel coding scheme.

The following channel coding schemes can be appieitCHSs:
- tail biting convolutional coding;
- turbo coding.

Usage of coding scheme and coding rate for therdifft types of TrCH is shown in table 5.1.3-1. ¢safcoding
scheme and coding rate for the different contrfdrimation types is shown in table 5.1.3-2.

The values oD in connection with each coding scheme:

3GPP
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tail biting convolutional coding with rate 1/B:= K;

- turbo coding with rate 1/ =K + 4.
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The range for the output stream index 0, 1 and 2 for both coding schemes.

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

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

PCH .

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

BCH Tail biting

convolutional 1/3

SL-BCH coding

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

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

5.1.3.1

Tail biting convolutional coding

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

The configuration of the convolutional encoderrisgented in figure 5.1.3-1.

The initial value of the shift register of the edeo shall be set to the values corresponding téestes information bits
in the input stream so that the initial and finaltss of the shift register are the same. Thergétmeoting the shift
register of the encoder Isy,s;, s,,...,S5, then the initial value of the shift register st set to

Si = C(k-1-i)
Ck
» D » » D » » D » D

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

»( 1 » 1 »( ] » 1 »

P > P > >

@)
v ) 4 ) 4 v dy’ Gy =171 (octal)

D D D »O—>
v v v v d? G, =165 (octal)

>D >D D »D—>

Figure 5.1.3-1:

Rate 1/3 tail biting convolutional encoder.
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The encoder output streanﬂg) , dlil) and déz) correspond to the first, second and third patityasns, respectively as
shown in Figure 5.1.3-1.

5.1.3.2 Turbo coding

51.3.21 Turbo encoder

The scheme of turbo encoder is a Parallel Conceger@onvolutional Code (PCCC) with two 8-state tibusnt
encoders and one turbo code internal interleaVee coding rate of turbo encoder is 1/3. The $tinecof turbo
encoder is illustrated in figure 5.1.3-2.

The transfer function of the 8-state constituemtector the PCCC is:

60) = {lm |
go(D)

where
go(D) = 1 +D?+ D?,
0i(D)=1+D + D3,

The initial value of the shift registers of thet&te constituent encoders shall be all zeros wtastirgy to encode the
input bits.

The output from the turbo encoder is

di” =%
dlil) =z
d& =z

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

If the code block to be encoded is the 0-th codekbbnd the number of filler bits is greater tharozi.e.F > 0, then

the encoder shall set, = 0,k =0,...,(F-1) at its input and shall settfo) =<NULL >, k=0,...,F-1) and

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

The bits input to the turbo encoder are denotech by, C,, C3,...,Cx 1, and the bits output from the first and second 8-
state constituent encoders are denotedpy, , z,, z3,...,Zx ., andzg, 7, 25, Z3,...,Zx 4, respectively. The bits output

from the turbo code internal interleaver are desdgc, c;,...,Ck 1, and these bits are to be the input to the seBend
state constituent encoder.

3GPP



Release 13 15 3GPP TS 36.212 V13.3.0 (2016-09)

1st constituent encoder

> »H—>

A
Ck
}& @®——> D » D » D
D
Output
Input
Turbo code internal i
interleaver 2nd constituent encoder Z
Output
D »D—>
Ck
X - » D » D » D
A
D
X

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

51.3.2.2 Trellis termination for turbo encoder

Trellis termination is performed by taking the tais from the shift register feedback after albimation bits are
encoded. Tail bits are padded after the encodingfofmation bits.

The first three tail bits shall be used to terménide first constituent encoder (upper switch gifife 5.1.3-2 in lower
position) while the second constituent encodeidalded. The last three tail bits shall be usetminate the second
constituent encoder (lower switch of figure 5.1.B+®ower position) while the first constituent eder is disabled.

The transmitted bits for trellis termination shakn be:
d|(<0) =Xk d}((oll = Zka, dr(<OJ)rz =Xk » dr(<OJ)r3 =Zky
dél) =Zk, d}(<111 = Xk+2s dr(<1)+2 =z, dr(<l)+3 = Xi+2
d}(<2) = X415 d|(<221 = Zk+2, d}(gz = Xk 41 d|(<223 =Zyp

51.3.2.3 Turbo code internal interleaver

The bits input to the turbo code internal interleraare denoted loy, ¢, ,...,Cx _; , whereK is the number of input bits.
The bits output from the turbo code internal irgader are denoted by, ¢, ...,Ck _; -

The relationship between the input and outputibits follows:

ci =Cn(i) i=0, 1,..., K-1)
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where the relationship between the output ind&xd the input indeX1(i) satisfies the following quadratic form:
ne) = (f, 0+ f, 32 Jmodk
The parameterd; and f, depend on the block sikeand are summarized in Table 5.1.3-3.

Table 5.1.3-3: Turbo code internal interleaver parameters.

K fi | fo | i K fi | T, i K f. | T, i K f, | s
40 3 10 |48 | 416 | 25 | 52 | 95 | 1120 | 67 | 140 | 142 | 3200 | 111 | 240
48 7 12 1|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
9% | 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
112 | 41 84 |57 | 488 | 91 | 122 | 104 | 1408 | 43 | 88 | 151 | 3776 | 179 | 236
120 | 103 | 90 | 58 | 496 | 157 | 62 | 105 | 1440 | 149 | 60 | 152 | 3840 | 331 | 120
128 | 15 | 32 | 569 | 504 | 55 | 84 | 106 | 1472 | 45 | 92 | 153 | 3904 | 363 | 244
136 | 9 34 |60 | 512 | 31 | 64 | 107 | 1504 | 49 | 846 | 154 | 3968 | 375 | 248
144 | 17 | 108 | 61 | 528 | 17 | 66 | 108 | 1536 | 71 | 48 | 155 | 4032 | 127 | 168
152 | 9 38 |62 | 544 | 35 | 68 | 109 | 1568 | 13 | 28 | 156 | 4096 | 31 64
160 | 21 | 120 | 63 | 560 | 227 | 420 | 110 | 1600 | 17 | 80 | 157 | 4160 | 33 | 130
168 | 101 | 84 | 64 | 576 | 65 | 96 | 111 | 1632 | 25 | 102 | 158 | 4224 | 43 | 264
176 | 21 | 44 | 65| 592 | 19 | 74 | 112 | 1664 | 183 | 104 | 159 | 4288 | 33 | 134
184 | 57 | 46 |66 | 608 | 37 | 76 | 113 | 1696 | 55 | 954 | 160 | 4352 | 477 | 408
192 | 23 | 48 | 67 | 624 | 41 | 234 | 114 | 1728 | 127 | 96 | 161 | 4416 | 35 | 138
200 | 13 | 50 |68 | 640 | 39 | 80 | 115 | 1760 | 27 | 110 | 162 | 4480 | 233 | 280
208 | 27 | 52 |69 | 656 | 185 | 82 | 116 | 1792 | 29 | 112 | 163 | 4544 | 357 | 142
216 | 11 36 | 70 | 672 | 43 | 252 | 117 | 1824 | 29 | 114 | 164 | 4608 | 337 | 480
224 | 27 | 56 | 71| 688 | 21 | 86 | 118 | 1856 | 57 | 116 | 165 | 4672 | 37 | 146
232 | 85 | 58 | 72 | 704 | 155 | 44 | 119 | 1888 | 45 | 354 | 166 | 4736 | 71 | 444
240 | 29 | 60 | 73| 720 | 79 | 120 | 120 | 1920 | 31 | 120 | 167 | 4800 | 71 | 120
248 | 33 | 62 |74 | 736 | 139 | 92 | 121 | 1952 | 59 | 610 | 168 | 4864 | 37 | 152
256 | 15 | 32 | 75| 752 | 23 | 94 | 122 | 1984 | 185 | 124 | 169 | 4928 | 39 | 462
264 | 17 | 198 | 76 | 768 | 217 | 48 | 123 | 2016 | 113 | 420 | 170 | 4992 | 127 | 234
272 | 33 | 68 | 77 | 784 | 25 | 98 | 124 | 2048 | 31 64 | 171 | 5056 | 39 | 158
280 | 103 | 210 | 78 | 800 | 17 | 80 | 125 | 2112 | 17 | 66 | 172 | 5120 | 39 | 80
288 | 19 | 36 | 79 | 816 | 127 | 102 | 126 | 2176 | 171 | 136 | 173 | 5184 | 31 96
296 | 19 | 74 |80 | 832 | 25 | 52 | 127 | 2240 | 209 | 420 | 174 | 5248 | 113 | 902
304 | 37 | 76 | 81 | 848 | 239 | 106 | 128 | 2304 | 253 | 216 | 175 | 5312 | 41 | 166
312 | 19 | 78 |82 | 864 | 17 | 48 | 129 | 2368 | 367 | 444 | 176 | 5376 | 251 | 336
320 | 21 | 120 | 83 | 880 | 137 | 110 | 130 | 2432 | 265 | 456 | 177 | 5440 | 43 | 170
328 | 21 82 |84 | 896 | 215 | 112 | 131 | 2496 | 181 | 468 | 178 | 5504 | 21 86
336 | 115 | 84 | 85| 912 | 29 | 114 | 132 | 2560 | 39 | 80 | 179 | 5568 | 43 | 174
344 | 193 | 86 |86 | 928 | 15 | 58 | 133 | 2624 | 27 | 164 | 180 | 5632 | 45 | 176
352 | 21 | 44 |87 | 944 | 147 | 118 | 134 | 2688 | 127 | 504 | 181 | 5696 | 45 | 178
360 | 133 | 90 |88 | 960 | 29 | 60 | 135 | 2752 | 143 | 172 | 182 | 5760 | 161 | 120
368 | 81 | 46 |89 | 976 | 59 | 122 | 136 | 2816 | 43 | 88 | 183 | 5824 | 89 | 182
376 | 45 | 94 |90 | 992 | 65 | 124 | 137 | 2880 | 29 | 300 | 184 | 5888 | 323 | 184
384 | 23 | 48 | 91 | 1008 | 55 | 84 | 138 | 2944 | 45 | 92 | 185 | 5952 | 47 | 186
392 | 243 | 98 | 92 | 1024 | 31 | 64 | 139 | 3008 | 157 | 188 | 186 | 6016 | 23 | 94
400 | 151 | 40 | 93 | 1056 | 17 | 66 | 140 | 3072 | 47 | 96 | 187 | 6080 | 47 | 190
408 | 155 | 102 | 94 | 1088 | 171 | 204 | 141 | 3136 | 13 | 28 | 188 | 6144 | 263 | 480

Ala|nn|A|A[A|B|w|w]|w|w|w|w|w|w|w|w|np NN oo oo
J[o|0|R|e|N[=|O|o|o|N [ |a| N RIN|=|[S|o|o|N | |0 R DN |=[S|o|o|N|o || R |w(v]|=|o|©@XR(N|D| O H W IN = ~.
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5.14 Rate matching

5.1.4.1 Rate matching for turbo coded transport channels

The rate matching for turbo coded transport chanisedefined per coded block and consists of ieéstihg the three
information bit streamd,% , d® andd®, followed by the collection of bits and the getiiena of a circular buffer as
depicted in Figure 5.1.4-1. The output bits forteaade block are transmitted as described in geétib.4.1.2.

(0) (0)
dy Sub-block | Vi
) interleaver ”
virtual circular
buffer
d Sub-block | V& i i i &
N - PN Bit Wi Bit selection
interleaver "1 collection and pruning
2 2)
d? Sub-block | Vi .|
interleaver d

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

The bit strearrd,ﬁo) is interleaved according to the sub-block intergadefined in section 5.1.4.1.1 with an output

sequence defined ag”,v”,v{” ,...,.v{) | and where; is defined in section 5.1.4.1.1,

The bit streamjlﬁl) is interleaved according to the sub-block interégalefined in section 5.1.4.1.1 with an output

1)

sequence defined 8§, v ,v§ .. vQ .

The bit streamjlﬁz) is interleaved according to the sub-block interéeadefined in section 5.1.4.1.1 with an output

sequence defined a§’ v\, v$?,..v® .

The sequence of bitg, for transmission is generated according to se&iam.1.2.

51411 Sub-block interleaver

The bits input to the block interleaver are dendted!{’,d",d{’,....d$), , whereD is the number of bits. The output
bit sequence from the block interleaver is deriasdollows:

(1) AssignCJ G iock = 32to be the number of columns of the matrix. The wuls of the matrix are numbered 0, 1,
2,...,C8 bock—1from left to right.

(2) Determine the number of rows of the maR{;oc PY finding minimum integelRSTLﬁ)block such that:

TC TC
D= (Rsubblockx Csubblock)

The rows of rectangular matrix are numbered 0, 1,, B! ,,o.c—1from top to bottom.
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(3) If (@beb,ockx Cl&b|ock)> D, thenNp = (Rsﬁmmx Co8 biock— D) dummy bits are padded such tiiat <NULL>
fork=0,1,...No- 1. Then,yy . = dlf) ,k=0,1,...,D-1, and the bit sequengeis written into

the(R;%bmkx C;ﬁ)b|ock) matrix row by row starting with bit in column 0 of row 0:

TC
yo yl y2 ycsubblock_l
TC TC TC e TC
stupblock ycsubplock+1 ycsubplock+2 . yzcsul_)block_l
TC TC TC TC TC TC e TC TC
y( Rsubblock1*Csubblock y( Rsubblock1)*Csubblocktl y( RsubblockD)*Csubblockt2 y( RsubblockCsubblock™)

For d% andd " :

(4) Perform the inter-column permutation for thetmxebased on the pattefﬁ(])>I-D{0rl---p;'ucbblock_l} that is shown in

table 5.1.4-1, where P(s the original column position of thigh permuted column. After permutation of the
columns, the inter-column permutd’] G oq C;?bblock) matrix is equal to

. e
Yr(0) Yp@) Yr(2) yP(Csubblock-l)
TC TC TC e TC TC
yP (0)+?subb|ock yp(l)*'c.subblock yP(Z)*'?subblock . yP(Csubbloclg_l)*'csubblock
TC TC TC TC TC TC e TC TC TC
yP(O)+(Rsubblock_l)xcsubblock yP(1)+(Rsubblock_l)xcsubblock yP(2)+(Rsubblock_l)xcsubblock yP(Csubblock_1)+(Rsubblock_l)xcsubblock

(5) The output of the block interleaver is thedgitjuence read out column by column from the irndéuron
permuted(F{ucbblockx C;ﬁ)mk) matrix. The bits after sub-block interleaving asndted by, vi”,v5’,....v{’

i i _(wTC TC
wherev{ corresponds tgp g, v to Yooyl oy 2NAKR _(Rsubblockxcsubblock)'
(G
Ford,”:

(4) The output of the sub-block interleaver is deddayvéz) ,vl(z) ,véz) V'(<2r)| oy Wherevlgz) = Yk and where

ubblock

k
71(k)= [Pﬂ?ﬂ +Cubblock (k mOdR;rL(J:bblock) +1|modKp

The permutation functioR 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
Csubblock <P(0),P®,...,P(Csybpiock=D >
32 <0, 16, 8, 24, 4, 20, 12, 28, 2, 18, 10, 26, 6, 22, 14, 30,
1,17,9,25,5,21,13,29, 3,19, 11,27,7, 23,15, 31 >
51412 Bit collection, selection and transmission

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

Wiy, +2k =v|£1) fork=0,...,Ky -1
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WKn+2k+l :VIEZ) fOI’k: O,..., K|—| _1

Denote the soft buffer size for the transport blbgiNir bits and the soft buffer size for theh code block by, bits.
The sizeNg, is obtained as follows, whetgis the number of code blocks computed in secti@r?5

- Ny = min&hJ, KW) for DL-SCH and PCH transport channels
C

- Ngp = K, for UL-SCH, MCH, SL-SCH and SL-DCH transpohiannels

For UE category 0, for DL-SCH associated with SITRldnd RA-RNTI and PCH transport chanrg), is always
equal toK.

whereNR is equal to:

Nsoft
KC |:lKMIMO Enm(M DL_HARQ ' M limit )

N =

where:

If the UE signalsie-CategoryDL-v13xyand is configured with transmission mode 9 angraission mode 10 and the
higher layer parametanaxLayersMIMO-r10s configured to eightLayerslsor is the total number of soft channel bits
according to the UE category indicatedusrCategoryDL-v13xyOtherwise, if the UE signaige-CategoryDL-r12
indicating UE category 0, or if the UE signalks-CategoryDL-r12ndicating UE category 14 and is configured by
higher layers withaltCQI-Table-r12for the DL cell,Nsot is the total number of soft channel bits accordmthe UE
category indicated bye-CategoryDL-r120therwise, if the UE signalse-Category-vlla@nd is configured by higher
layers withaltCQI-Table-r12for the DL cell,Nsot is the total number of soft channel bits accordmthe UE category
indicated byue-Category-vlla@®therwise, if the UE signalse-Category-v1020and is configured with transmission
mode 9 or transmission mode 10, or is configurett wansmission mode 3 or transmission mode 4 lamdhigher
layer parametemaxLayersMIMO-r1Gs configured to fourLayers, for the DL calsq is the total number of soft
channel bits [4] according to the UE category iatéd byue-Category-v102(56]. OtherwiseNsor is the total number
of soft channel bits [4] according to the UE catggadicated byue-Categorywithout suffix) [6].

If Nsort = 35982720 or 47431680,
Ke=5,
elseifNsort = 14616576,
if the UE is configured by higher layers wahCQI-Table-r12

Kec =3/2
else

Ke =2
end if

elseifNsor = 19488768,

if the UE is configured by higher layers wahCQI-Table-r12

Ke =2
else

Kc =8/3
end if.

3GPP



Release 13 20 3GPP TS 36.212 V13.3.0 (2016-09)

elseifNsort = 7308288 and the UE is configured by higher layeith altCQI-Table-r12

if the UE is capable of supporting no more thanaimum of two spatial layers for the DL cell in tttransmission
mode configured for the UE, or if the configuredxinaum number of layers indicated by timaxLayersMIMO-r10
field is no more than two,

Ke =3
else

Ke =3/2
end if.

elseifNsort = 3654144 and the UE is capable of supporting acerthan a maximum of two spatial layers for the DL
cell, or if the configured maximum number of layardicated by thenaxLayersMIMO-r1dield is no more than two,

Ke =2
else

Ke =1
End if.

Kmimo is equal to 2 if the UE is configured to receiN@ITH transmissions based on transmission modess83 94or
10 as defined in section 7.1 of [3], and is eqaadl btherwise. For BL/CE UEwmo is equal to 1.

MbL_HaArg IS the maximum number of DL HARQ processes asddfin section 7 of [3].
Miimit iS @ constant equal to 8.

Denoting byE the rate matching output sequence length for-thecoded block, andvigx the redundancy version
number for this transmissionvg = 0, 1, 2 or 3), the rate matching output bit seqedse, , k=0,1,...,E-1.

Define byG the total number of bits available for the transiois of one transport block.
SetG' = G/(NL EQm) whereQn is equal to 2 for QPSK, 4 for 16QAM, 6 for 64QAMd8 for 256 QAM, and where
- For transmit diversity:
- N.isequalto 2,
- Otherwise:
- N_is equal to the number of layers a transport blsckapped onto
Sety =G'modC , whereC is the number of code blocks computed in secti@rP5
if r<sC-y-1
setE =N, @, IG'/C|
else
setE =N, @, [iG'/C]|
end if

su TC

N
Setk, = RTCbbbckEEZE%—Cb [Bvig +2 |, where RIS, ok is the number of rows defined in section 5.1.4.1.1
Rsubblock

Setk=0and =0
while { K<E}
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if W+ ymodng, #< NULL >

€ = Wiko+j )modNgy,
k=k+1
end if
j=j+1
end while
514.2 Rate matching for convolutionally coded transport channels and control
information

The rate matching for convolutionally coded transpbannels and control information consists oéilgaving the
three bit streamsd ¥, d and d?, followed by the collection of bits and the geriena.of a circular buffer as
depicted in Figure 5.1.4-2. The output bits aragnaitted as described in section 5.1.4.2.2.

(0) (0)
dk Sub-block Vk o
| interleaver d
virtual circular
buffer
d® v® _ W , , &
k } Sub-block K o Bit k Bit selection ’
interleaver collection and pruning
2 (2)
dlﬁ ) 5| Sub-block Vi
interleaver

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

The bit strearrd,ﬁo) is interleaved according to the sub-block interégadefined in section 5.1.4.2.1 with an output

sequence defined a/%o) ,vl(o) ,véo) ""’Vi(<02| _, and whereKp, is defined in section 5.1.4.2.1.

The bit strearrdlil) is interleaved according to the sub-block interégalefined in section 5.1.4.2.1 with an output

sequence defined B§) ,Vl(l) ) vgl) V,(<l)H -

The bit streamjlﬁz) is interleaved according to the sub-block interéeadefined in section 5.1.4.2.1 with an output

sequence defined a§’ v\ ,v$?,..v® .

The sequence of bitg, for transmission is generated according to se&iam.2.2.

51.4.21 Sub-block interleaver

The bits input to the block interleaver are dendtgd’,d",d{",....d$); , whereD is the number of bits. The output
bit sequence from the block interleaver is derigedollows:

(1) AssignCSS, e = 32to be the number of columns of the matrix. The wwois of the matrix are numbered 0, 1,

2,...,CSSyock—1from left to right.

(2) Determine the number of rows of the maR, .. by finding minimum integeiR$S, 0. Such that:
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cc cc
D< (Rsubblockx Csubblock)

The rows of rectangular matrix are numbered 0,.1,,R§f;b,ock—1from top to bottom.

(3) If (Rsubbmkx Csubb|ock)> D, thenNp = (R&%b|ockx CSS ek — D) dummy bits are padded such tiiat <NULL>
fork=0,1,...No- 1. Then,yy . = d,ﬁi) ,k=0,1,...,D-1, and the bit sequengeis written into

the(l{u%b|ockx Cfu%block) matrix row by row starting with bit in column 0 of row 0:

Yo Y1 Yo cc
Csubblock

cc cc Y~cc : Yoecco L
Csubblock Csubblock+1 Csubblock+2 chubblock 1

Y ~cc cc cC cc Y cc cc Y, cc cc
(Reubblock D*Csubbiock  ~ (Rsubblock D*Cosupbiock™  ~ (Rubbiock ™ D*Cubblock™2 (R xC -1

'subblock™ ™~ subblock

(4) Perform the inter-column permutation for thatrix based on the patte(ﬂﬂ > } that is shown in

E{O,l CSPoiockL
table 5.1.4-2, where P(is the original column position of théh permuted column. After permutation of the

columns, the inter-column permut@u%blockx Cfu‘ébmk) matrix is equal to

CC
Yp(0) Yp Yr(2) yP(Csubblock—l)
cc cc cc e cc cc
yP (O)*'?subblock yP(1)+C_subb|ock yP(Z)*'C_:subblock . yP(Csubblock__l)+Csubb|ock
CC CcC CC CC CC cC e CcC CC CC
yP(O)+(Rsubblock_l)xcsubblock yP(l)+(Rsubblock_l)xcsubblock yP(2)+(Rsubblock_l)xcsubblock yP(Csubblock_l)+(Rsubblock_l)xcsubblock

(5) The output of the block interleaver is thedgitjuence read out column by column from the indéuron

permutec{l{ubblockx Csubb|ock)matr|x The bits after sub-block interleaving aemdted by, v v{,...v{

wherev{ corresponds t9p0) v to Y b0+ 00" and Kn, :(Rscubmockx Csubblock)

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

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

This block interleaver is also used in interleafigCCH modulation symbols. In that case, the itgiusequence
consists of PDCCH symbol quadruplets [2].

51.4.22 Bit collection, selection and transmission

The circular buffer of lengttK,, = 3K; is generated as follows:
w, =v fork=0,..., Ky -1
WKn+k—v|£) fork=0,...,Ky -1
Wok ., +k :Vlgz) fork=0,...,Ky -1

Denoting byE the rate matching output sequence length, thematehing output bit sequenceédg, k=0,1,...,E-1.

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

if Wjmoak,, #< NULL>

& = Wjmodk,,
k=k+1

end if

j=i+l

end while

515 Code block concatenation

The input bit sequence for the code block concaitemblock are the sequenceg , for r = Q...,C -1 and
k= 0Q...,E, —1. The output bit sequence from the code block ciemedion block is the sequendg for
k=0..G-1.

The code block concatenation consists of sequgntiahcatenating the rate matching outputs fordifferent code
blocks. Therefore,

Setk=0 andr =0
while r <C
Setj=0
while j <E,
fk =e,j

k=k+1

j=i+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@@) and Secondary Cell Group (SCG) [6], the procesiu
described in this clause are applied to the MCGS0&, respectively. When the procedures are apfiadSCG, the
term primary cell refers to the primary SCell (P$)C#f the SCG.

If the UE is configured with a PUCCH ScCell [6], theocedures described in this clause are appli¢oetgroup of DL
cells associated with the primary cell and the grofiDL cells associated with the PUCCH ScCell, extiyvely. When
the procedures are applied to the group of DL @sdsociated with the PUCCH SCell, the term pringadyrefers to
the PUCCH SCell.

If the UE is configured with a LAA SCell, the pratees described in this clause are applied assuthengAA SCell
is an FDD ScCell.

521 Random access channel

The sequence index for the random access chanreslaed from higher layers and is processed daupto [2].
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5.2.2 Uplink shared channel

Figure 5.2.2-1 shows the processing structurehi®iilL-SCH transport channel on one UL cell. Datives to the
coding unit in the form of a maximum of two trangpaocks every transmission time interval (TTIy pé cell. The
following coding steps can be identified for eamsport block of an UL cell:

Add CRC to the transport block

Code block segmentation and code block CRC attech
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 blocksta@wn in the figure below. The same general pgingsapplies
for each UL-SCH transport block on each UL cellhwigstrictions as specified in [3].
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Figure 5.2.2-1: Transport block processing for UL-SCH.

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

The entire transport block is used to calculateGRE parity bits. Denote the bits in a transpoockldelivered to layer
1 byay,8,,a,,83,...,85, and the parity bits bgy, p;, P2, P3.---, P - Ais the size of the transport block dnds the

number of parity bits. The lowest order informatluitag is mapped to the most significant bit of the t@ors block as
defined in section 6.1.1 of [5].

The parity bits are computed and attached to theSQH transport block according to section 5.1.1irsgt. to 24 bits
and using the generator polynomiakgsAD).

5222 Code block segmentation and code block CRC attachment

The bits input to the code block segmentation areted byb,,b,,b,,bs,...,bg_; whereB is the number of bits in the
transport block (including CRC).
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Code block segmentation and code block CRC attashare performed according to section 5.1.2.

The bits after code block segmentation are dertoyed,, ¢;;,C,,,C,3,....C; (k, -1) » Wherer is the code block number
andK; is the number of bits for code block number

5223 Channel coding of UL-SCH

Code blocks are delivered to the channel codingkbl®he bits in a code block are denoted by

Cr0:Cr1,Cr2, Craye-iCr(k, -1) » Wherer is the code block number, akdis the number of bits in code block number
The total number of code blocks is denotedCtand each code block is individually turbo encodedording to section
5.1.3.2.

After encoding the bits are denoteddfl},d?,d®),d % dr('(

bits on the-th coded stream for code block numbgire.D, =K, +4.

?Dr_l)' withi = 0land2and wheré, is the number of

5224 Rate matching

Turbo coded blocks are delivered to the rate magchlock. They are denoted 8§f),d%,d(),d® ,...,dr(i(fDr )

withi = 0land2, and where is the code block numberis the coded stream index, aby is the number of bits in

each coded stream of code block numbdihe total number of code blocks is denotedtgnd each coded block is
individually rate matched according to section &.1..

After rate matching, the bits are denotecelye;1,€2,€3,....€ (g -1), Wherer is the coded block number, and where
E, is the number of rate matched bits for code bluakberr.

5225 Code block concatenation

The bits input to the code block concatenation bla® denoted b, o,€1,€ 2,6 3,.--.& (g -1) for r =0...,C-1 and

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

Code block concatenation is performed accordirgetion 5.1.5.

The bits after code block concatenation are denloyet},, f;, f,, fs,..., fo_; , whereG is the total number of coded bits
for transmission of the given transport block oWgr transmission layers excluding the bits used fortrad
transmission, when control information is multipdeixwith the UL-SCH transmission.

5226 Channel coding of control information

Control data arrives at the coding unit in the fafhchannel quality information (CQI and/or PMI)ARQ-ACK and
rank indication, and CSI-RS resource indication IfCRifferent coding rates for the control inforriat are achieved
by allocating different number of coded symbolsifettransmission. When control data are transuohittehe PUSCH,
the channel coding for HARQ-ACK, rank indicationdiuding RI only, joint report of RI/i1, joint repioof CRI/RI,
joint report of CRI/RI/ i1,joint report of CRI/RI/A, and joint report of RI/PTI), CRI and channekdjty information
0p,04,05,...,00_; iS done independently.

For the cases with TDD primary cell, the numbeH&RQ-ACK bits is determined as described in sectidhof [3].

When the UE transmits HARQ-ACK bits, rank indicabdts or CRI bits, it shall determine the numbecodfled
modulation symbols per laydp’ for HARQ-ACK, rank indicator, or CRI bits as folls.

For the case when only one transport block is trattad in the PUSCH conveying the HARQ-ACK bitspkandicator
bits or CRI bits:

3GPP



Release 13 27 3GPP TS 36.212 V13.3.0 (2016-09)

PUSCH initial PUSCH-initial PUSCH
DM |:Nsymb |$of'fset 4TM PUSCH

SK,
r=0

Q' =min

where

- O is the number of HARQ-ACK bits, rank indicatorsdr CRI bits, and

M USCH is the scheduled bandwidth for PUSCH transmissidhe current sub-frame for the transport block,
expressed as a number of subcarriers in [2], and

N PUSCHnitial .
symb

transport block, respectively, given ByGo5 " = (2 [ﬁNSymb 1)— NSRS), where

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

- Nggsisequalto 1

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

- if UE transmits PUSCH and SRS in the same suldremthe same serving cell for initial transmission

- if the PUSCH resource allocation for initial tsanission even partially overlaps with the cell-sfiec
SRS subframe and bandwidth configuration defineskittion 5.5.3 of [2], or

- if the subframe for initial transmission in thrense serving cell is a UE-specific type-1 SRS sub&as
defined in Section 8.2 of [3], or

- if the subframe for initial transmission in thrense serving cell is a UE-specific type-0 SRS sub&as
defined in section 8.2 of [3] and the UE is confeghwith multiple TAGs.

- Otherwise N 4xq is equal to 0.

- MmpPusch-ntal "G and K, are obtained from the initial PDCCH or EPDCCH dPICCH for the same
transport block. If there is no initial PDCCH or BECH with DCI format 0 or MPDCCH with DCI format 6-
0A/6-0B for the same transport block) S/SCH @l " C and K, shall be determined from:

- the most recent semi-persistent scheduling asseghPDCCH or EPDCCH or MPDCCH, when the initial
PUSCH for the same transport block is semi-pensilstscheduled, or,

- the random access response grant for the sanspt block, when the PUSCH is initiated by thedam
access response grant.

For the case when two transport blocks are trateshih the PUSCH conveying the HARQ-ACK bits, randticator
bits or CRI bits:

Q' = mamin(Qlug, 4 £5°H ) Q| with

PUSCH initial (1) PUSCH initial (1) PUSCH initial (2) PUSCH-initial (2) PUSCH
OM¢ [Ng M D\lsym WBotsat

Qtemp: c®_4 c@_q
Z Kr(l) EM PUSCH initial (2) N PUSCH-initial (2) + Z K ) EM PUSCH initial (1) N PUSCH-=-initial (1)
r=0

symb symb
r=0

where

- O is the number of HARQ-ACK bits, rank indicatorsiir CRI bits, and
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Qun =0 if 0<2,Qy, =[20/Q,,] if 350 <11 with Q,, = min(Qh,Q2) where Q% x ={12} is the
modulation order of transport block™ and Qp,, =[20,/Q}, |+[20,/Q,, | if 0>11 with O, =[0/2] and
0,=0-]0/2].

- mpuscrniEl) 'y =112} are the scheduled bandwidths for PUSCH transnmisaithe initial sub-frame for the
first and second transport block, respectivelypregsed as a number of subcarriers in [2], and

NS M x = {12} are the number of SC-FDMA symbols per subframriial PUSCH transmission for

the first and second transport block given NgUSCH inital(x) — (2 EﬁNsymb —1)— Néﬁs), x={1,2} , where

- N(Sﬁ,s,x:{lZ} is equal to 1

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

- if UE transmits PUSCH and SRS in the same suldramnthe same serving cell for initial transmissidn
transport block X", or

"

- if the PUSCH resource allocation for initial tsanission of transport bock™ even partially overlaps
with the cell-specific SRS subframe and bandwidthfiguration defined in section 5.5.3 of [2] , or

- if the subframe for initial transmission of traest block " in the same serving cell is a UE-specific
type-1 SRS subframe as defined in Section 8.2]obf3

- if the subframe for initial transmission of tr@est block K" in the same serving cell is a UE-specific
type-0 SRS subframe as defined in section 8.2]cdij8@ the UE is configured with multiple TAGs.

- OtherwiseNggs x={12} is equal to O.

M PUSCHNaI () 5 =112}, €™ x={12}, andK¥,x={12} are obtained from the initial PDCCH or
EPDCCH for the corresponding transport block.

For HARQ-ACK, Q,« =Q,, (@' and Bioc" = BRARTAK "\whereQ,, is the modulation order of a given

transport block. For UEs configured with no morartliive DL cells,,BHARQ*ACK

offset shall be determined according to [3]

depending on the number of transmission codewandthé corresponding PUSCH. For UEs configured witire
than five DL cells ,ka'f/;st(}ACK shall be determined according to [3] dependinghemumber of transmission

codewords for the corresponding PUSCH and and dh&er of HARQ-ACK feedback bits.

For rank indication or CRIQ,, = Q. [Q', Qcr =Q,, (@' and B> = SR whereQ, is the modulation

order of a given transport block, arﬁUffset shall be determined according to [3] dependinghennumber of

transmission codewords for the corresponding PUS®H,on the uplink power control subframe set ffier t
corresponding PUSCH when two uplink power contutifeame sets are configured by higher layers fercill.

For HARQ-ACK

- Each positive acknowledgement (ACK) is encoded bmary ‘1’ and each negative acknowledgement@KA
is encoded as a binary ‘0’

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

- If HARQ-ACK feedback consists of 2-bits of infoation, i.e. [0ACK ACK] with 00ACK

ACK

corresponding to

HARQ-ACK bit for codeword 0 an®;  corresponding to that for codeword 1, or if HAR@A feedback
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consists of 2-bits of information as a result & #ggregation of HARQ-ACK bits corresponding to o cells
with which the UE is configured by higher layersjfdHARQ-ACK feedback consists of 2-bits of infoation

corresponding to two subframes for TDD, it is fiestcoded according to Table 5.2.2.6-2 where

04K = (0§ +0**)mod2.

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

Qm Encoded HARQ-ACK
2 [0, y]

4 [0 y x x]

6 [08% y x x x X]

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

Qm Encoded HARQ-ACK
2 ACK ACK _ACK - ACK - ACK - ACK
[0g " 0] 7" 0 0p " 0 0, ]
4 [05" 0/ x x 05 08" x x 0/ o) x X]
6 ACK _ ACK ACK _ ACK ACK _ACK

[0g 7" 0/ " XXX X057 05" XX XX 0 057 XXX X]

- If HARQ-ACK feedback consists @< O”“K <11 bits of information as a result of the aggregatémARQ-
ACK bits corresponding to one or more DL cells withich the UE is configured by higher layers, i.e.,

05" 01" ....05&k_, » then a coded bit sequengg " G;*“.....35"" is obtained by using the bit sequence
05K olACK,...,og%K_l as the input to the channel coding block describesbction 5.2.2.6.4. In turn, the bit
sequencey ™, g ", 45" ....a5 % 4 is obtained by the circular repetition of thedstjuence

0g X G/ ,....ga°" so that the total bit sequence length is equ@aiex -

- If HARQ-ACK feedback consists df1< Q" < 22 bits of information as a result of the aggregattbARQ-
ACK bits corresponding to one or more DL cells withich the UE is configured by higher layers, i.e.,

05 0f*",....055Ck _, , then the coded bit sequengg™™, a;*“",q,“" ,...,a5, 1 is obtained by using the bit
sequencen, " 0f*““ ,...,055ck , as the input to the channel coding block describeséction 5.2.2.6.5.

- If HARQ-ACK feedback consists dD”“*>22 bits of information as a result of the aggregatdéhARQ-ACK
bits corresponding to one or more DL cells with ethihe UE is configured by higher layers, the cobi¢d
sequence is denoted ™, q/“, 45 ,....af"s ;. The CRC attachment, channel coding and rate rinafch
of the HARQ-ACK bits are performed according totgets 5.1.1 setting to 8 bits, 5.1.3.1 and 5.1.4.2,
respectively. The input bit sequence to the CR&chtnent operation ie)¥ 0¥ ,...,og%,(_l. The output bit

sequence of the CRC attachment operation is the bipsequence to the channel coding operation. duiput
bit sequence of the channel coding operation isrthet bit sequence to the rate matching operation.

The “x” and “y” in Table 5.2.2.6-1 and 5.2.2.6-2g/aceholders for [2] to scramble the HARQ-ACKshit a way that
maximizes the Euclidean distance of the modulagigmbols carrying HARQ-ACK information.

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

using FDD and at least one cell using TDD when HARCK consists of one or two bits of informationgethit

sequencey ™, g, 95" ....a4x 4 is obtained by concatenation of multiple encodéR@-ACK blocks where

Qack is the total number of coded bits for all the eded HARQ-ACK blocks. The last concatenation of¢neoded
HARQ-ACK block may be partial so that the total &giyuence length is equalQgck -
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For UEs configured by higher layers witbdebooksizeDetermination-r13 = déhe bit sequence
G(fCK 61ACK 0K is determined according to the Downlink Assignmienex (DAI) as in Table 5.3.3.1.2-2 and

L ] OACK_l

as defined in [3]. Otherwise, the bit sequeﬁﬁeCK QACK,..., f)oﬁ%f_l is determined as below.

For FDD when HARQ ACK consists of 2 or more bitdrdbrmation as a result of the aggregation of mben one
DL cell, the bit sequenc8,“ 8/°",..., 0/ _ is the result of the concatenation of HARQ-ACKsHir the multiple

1rrty MHACK g

DL cells according to the following pseudo-code:

Setc = 0 — cell index: lower indices correspond to loR&RC indices of corresponding cell
Setj = 0 — HARQ-ACK bit index

Set N2%. to the number of cells configured by higher layfersthe UE

while c < N2%

if transmission mode configured in ca&(] {1,256,7} — 1 bit HARQ-ACK feedback for this cell

67" = HARQ-ACK bit of this cell

j=j+1
else
if the UE is not configured with spatial bundling BUSCH by higher layers GJACK = HARQ-ACK bit
corresponding to the first codeword of this cell
j=i+1

GjACK = HARQ-ACK bit corresponding to the second codewafrthis cell

j=j+1
else

GjACK = binary AND operation of the HARQ-ACK bits correspting 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 inzigca primary cell using FDD and at least one sdaoycell using
TDD, the bit sequencéoACK élACK,..., 60585_1 is the result of the concatenation of HARQ-ACKsHibr one or

multiple DL cells. DefineN%,s as the number of cells configured by higher layershe UE andBcDL as the number

of subframes for which the UE needs to feed baclRBAACK bits in UL subframe n for theth serving cell. For a
cell using TDD, the subframes are determined bybtheeference UL/DL configuration if the UE is cogfired with
higher layer parameteimta-HARQ-ReferenceConfignd determined by the UL/DL configuration othesaviFor a

cell using TDD, BCDL =1 if subframe n-4 in the cell is a DL subframe @pecial subframe with special subframe
configurations 1/2/3/4/6/7/8/9 and normal downl®@R or a special subframe with special subframeigordtions
1/2/3/5/6/7 and extended downlink CP, aBf" = 0 otherwise. For a cell using FDIB." =1.
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The bit sequencé)(fCK 61ACK,..., ()O‘}\%E_l is performed according to the following pseudoeod

Setc = 0 — cell index: lower indices correspond to loR&RC indices of corresponding cell
Setj = 0 — HARQ-ACK bit index

DL

while c < N6

if BYX =1
if transmission mode configured in ca&ll] {1,256,7} — 1 bit HARQ-ACK feedback for this cell

Gf‘CK = HARQ-ACK bit of this cell

j=j+1
else

if the UE is not configured with spatial bundling BUSCH by higher layers GJ-ACK = HARQ-ACK bit

corresponding to the first codeword of this cell

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

For the cases with TDD primary cell when HARQ-ACKfor the aggregation of one or more DL cells dreWE is

configured with PUCCH format 3, PUCCH format 4 &4 ®CH format 5 [3], the bit sequen(ﬁ;fCK QACK,..., f)oﬁ%f_l

is the result of the concatenation of HARQ-ACK s the one or more DL cells configured by higlsrers and the
multiple subframes as defined in [3].

Define NC%,S as the number of cells configured by higher layershe UE andBCDL as the number of subframes for
which the UE needs to feed back HARQ-ACK bits aféneel in Section 7.3 of [3].

The number of HARQ-ACK bits for the UE to conveytifs configured with PUCCH format 3, PUCCH forngabr
PUCCH format 5 is computed as follows:

Setk = 0 — counter of HARQ-ACK bits

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

while ¢ < N2
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setl =
while | < B

if transmission mode configured in cell] {1,256,7} -- 1 bit HARQ-ACK feedback for this cell
k=k+1
else
k=k+2
end if
I =1+1
end while
c=c+1
end while

When PUCCH format 3 is configured kif< 20 when TDD is used in all the configured serwiet(s) of the UE, or if
k < 21 when FDD is used in at least one of the caméd serving cells with TDD primary cell; or whet €@CH
format 4 or PUCCH format 5 is configured and whies WE is not configured with spatial bundling on$@H by
higher layers, the multiplexing of HARQ-ACK bitsperformed according to the following pseudo-code:

Setc = 0 — cell index: lower indices correspond to loR&RC indices of corresponding cell
Setj = 0 — HARQ-ACK bit index
while ¢ < N2

setl =

. DL
while | < B,

if transmission mode configured in cell] {1,256,7} -- 1 bit HARQ-ACK feedback for this cell

~AC
6/

=0/ HARQ-ACK bit of this cell as defined in Sectior87f [3]
j=j+1
else

[0 ACK J/i(l:K] =[5, 0255.] HARQ-ACK bits of this cell as defined in Sectior8 df [3]

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

When PUCCH format 3 is configured kif> 20 when TDD is used in all the configured ssg\cell(s) of the UE, or if
k > 21 when FDD is used in at least one of theigoinéd serving cells with TDD primary cell, spatiaindling is
applied to all subframes in all cells; or when PUCformat 4 or PUCCH format 5 is configured and wihies UE is
configured with spatial bundling on PUSCH by higlsrers, the multiplexing of HARQ-ACK bits is perfoed
according to the following pseudo-code:
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Setc = 0 — cell index: lower indices correspond to loR&RC indices of corresponding cell
Setj = 0 — HARQ-ACK bit index
while ¢ < N2

setl = 0;

. DL
while | < B,

if transmission mode configured in cell] {1,256,7} — 1 bit HARQ-ACK feedback for this cell

6, = 0/\"" HARQ-ACK bit of this cell as defined in Section 8[3]
j=j+1
else
~ACK _ ~ACK . . . . )
0 =0, binary AND operation of the HARQ-ACK bits correspbng to the first and second

codewords of this cell as defined in Section 7.83pf
j=j+1
end if
I =1+1
end while
c=c+1
end while

For 0”™ < 11 0r o** > 22, the bit sequencey™ of*“",...,02%¢ _ is obtained by settin@*“ = .

For 11< 0" < 22, the bit sequence; ™ of*,...,02%  is obtained by setting()5" = q "

ACK g K if i is odd.

(TOACK/Z]Hi—l)/Z =9

if i is even and

For the cases with TDD primary cell when HARQ-ACKfor the aggregation of two DL cells and the UEasfigured

with PUCCH format 1b with channel selection, thessiquence; “ of*“ ...,055¢ _ is obtained as described in
section 7.3 of [3].
For TDD HARQ-ACK bundling, a bit sequendg; ~ACK,52ACK,...,5(§EE_1 is obtained by concatenation of

multiple encoded HARQ-ACK blocks whex@,ck is the total number of coded bits for all the et HARQ-ACK
blocks. The last concatenation of the encoded HAREK block may be partial so that the total bit seqce length is

equal tdQack - A scrambling sequen({w{)*CleACKW?CKW?CK] is then selected from Table 5.2.2.6-A with index
i = (Nbundled —1)mod4, where N, ,,qeq IS determined as described in section 7.3 of T8 bit sequence

96, 0", a5 ....abc 1 is then generated by settimg = 1 if HARQ-ACK consists of 1-bit andn = 3 if

HARQ-ACK consists of 2-bits and then scrambliagéCK , aaACK,aZACK ,...,a&i:_l as follows

Seti ,kto 0

while i <Qpck

if qACK =y /I place-holder repetition bit
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0" = (A7 + s Jmod2
k =(k +1) mod4m
else
it °““=x 1/ aplace-holder bit

— N ACK

9 =g

else I/ coded bit
Q% =(@"* + iy Jmod2
k =(k +1) mod4m

end if

=i+l

end while

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

l ACK ACK ACKW3AC|<J
0 [1 111]
1 [1010]
2 [1100]
3 [1001]

When HARQ-ACK information is to be multiplexed with_.-SCH at a given PUSCH, the HARQ-ACK informatiisn
multiplexed in all layers of all transport blockstbat PUSCH, For a given transport block, the esequence output

of the channel coding for HARQ-ACK information ismbted bquCK qACK,...,qg,CK . where inCK
—~ACK™ -

i =0Q...,.Qxck —1 are column vectors of Ieng1(|(1'gm L) and whereQcx = Qack / Q, is obtained as follows:

Seti ,kto 0

while i <Qpck

AACK —[qIACK qlﬁgﬁ_l] -- temporary row vector
S .
QSCK :[QCCK ...QSCK]T -- replicating the row VeCtoqACK NL times and transposing into a column vector
i =i+Qp
k=k+1
end while

where N, is the number of layers onto which the UL-SCH $@ort block is mapped.

For rank indication (RI) (RI only, joint report & and i1, joint report of CRI and RI, joint repaft CRI,RI and i1,joint
report of CRI,RI, and PTI, and joint report of RIcaPTI) or CRI
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- The corresponding bit widths for CRI feedbackRSCH transmissions are given by Tables 5.2.28,1-
5.2.2.6.2-3A,5.2.2.6.3-3A, 5.2.3.3.1-3E, and 5234E,

- The corresponding bit widths for Rl feedback BFddSCH transmissions are given by Tables 5.2.2.6.1-2
5.2.2.6.1-2B,5.2.2.6.2-3, 5.2.2.6.2-3B, 5.2.2%,3-2.2.6.3-3B, 5.2.3.3.1-3, 5.2.3.3.1-3A, 5.2B.3B,
5.2.3.3.1-3C, 5.2.3.3.1-3D, 5.2.3.3.2-4, and 532234A, 5.2.3.3.2-4B, 5.2.3.3.2-4C, 5.2.3.3.2-4D0cktare
determined assuming the maximum number of layefsliasvs:

- If the maxLayersMIMO-r10s configured for the DL cell, the maximum numbéfayers is determined
according tanaxLayersMIMO-r1@or the DL cell

- Else,

- If the UE is configured with transmission modeafd thesupportedMIMO-CapabilityDL-r1Gield is
included in thdUE-EUTRA-Capabilitythe maximum number of layers is determined adogrtb the
minimum of the configured number of CSI-RS portd #re maximum of the reported UE downlink
MIMO capabilities for the same band in the correxfing band combination.

- If the UE is configured with transmission modeafid higher layer parameteMIMO-Type andeMIMO-
Typeis set to ‘CLASS B’ with K>1, and RI and CRI ararismitted in the same reporting instance, and
the supportedMIMO-CapabilityDL-r10 field is includén the UE-EUTRA-Capability, the maximum
number of layers is determined according to themmim of the maximum of number of antenna port of
the configured CSI-RS resources and the maximutheofeported UE downlink MIMO capabilities for
the same band in the corresponding band combination

- If the UE is configured with transmission modeafd thesupportedMIMO-CapabilityDL-r1@ield is not
included in thdUE-EUTRA-Capabilitythe maximum number of layers is determined adogrtb the
minimum of the configured number of CSI-RS portd aa-Categorywithout suffix).

- If the UE is configured with transmission modefd higher layer parameteMIMO-Type andeMIMO-
Typeis set to ‘CLASS B’ with K>1, and RI and CRI ararismitted in the same reporting instance, and
the supportedMIMO-CapabilityDL-r10 field is not inded in the UE-EUTRA-Capability, the maximum
number of layers is determined according to themmim of the maximum of number of antenna port of
the configured CSI-RS resources and ue-Categothdwi suffix).

- If the UE is configured with transmission mode &0d thesupportedMIMO-CapabilityDL-r10ield is
included in thdJE-EUTRA-Capabilitythe maximum number of layers for each CSI process
determined according to the minimum of the confeglnumber of CSI-RS ports for that CSI process and
the maximum of the reported UE downlink MIMO captieis for the same band in the corresponding
band combination.

- If the UE is configured with transmission mode &Ad higher layer parame&MIMO-Type and
eMIMO-Typeis set to ‘CLASS B’ with K>1, and Rl and CRI ararnismitted in the same reporting
instance, and the supportedMIMO-CapabilityDL-r1€ldiis included in the UE-EUTRA-Capability, the
maximum number of layers for each CSI processtsrdened according to the minimum of the
maximum of number of antenna port of the configut&1-RS resources in that CSI process and the
maximum of the reported UE downlink MIMO capabdiifor the same band in the corresponding band
combination.

- If the UE is configured with transmission mode &Ad thesupportedMIMO-CapabilityDL-r1ield is
not included in th&JE-EUTRA-Capabilitythe maximum number of layers for each CSI proess
determined according to the minimum of the confeglinumber of CSI-RS ports for that CSI process and
ue-Categorywithout suffix).

- If the UE is configured with transmission mode &6d higher layer paramet&MIMO-Type and
eMIMO-Typeis set to ‘CLASS B’ with K>1, and RI and CRI arartsmitted in the same reporting
instance, and the supportedMIMO-CapabilityDL-r1€ldiis not included in the UE-EUTRA-Capability,
the maximum number of layers for each CSI proceseiermined according to the minimum of the
maximum of number of antenna port of the configu@&1-RS resources in that CSI process and ue-
Category (without suffix).

- Otherwise the maximum number of layers is deteemtiaccording to the minimum of the number of
PBCH antenna ports ang-Categorywithout suffix).
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- If RI feedback consists of 1-bit of informatidre., [og'] , it is first encoded according to Table 5.2.2.6-8e

[og'] to Rl mapping is given by Table 5.2.2.6-5.

- If Rl feedback consists of 2-bits of informatior,, [05{I olR'] with 05' corresponding to MSB of 2-bit input

and o' corresponding to LSB, it is first encoded accogdin Table 5.2.2.6-4 where®' = (of' +0R')mod2.

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

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

Qm Encoded RI
2 [05' V]

4 [og' yxX]

6 [0 yx x x x]

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

Qm Encoded RI

: 05" of' o of! of! of']

4 [052I olR' X X 05' 05“ xxolRI 05“ X X]
6 [of off! xxxx of' off! x x x x o] oY

Table 5.2.2.6-5: 00RI to Rl mapping.

oy

RI

0

1

N —

Table 5.2.2.6-6: 0 , 0 to RI mapping.

RI
G- O

RI

0,0
0,1
1,0
1,1

BAIWIN|=

Table 5.2.2.6-7: of', ol

, 05'to RI mapping.

O(I)?I, OlRI, oKl 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
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- If Rl feedback for a given DL cell consists ob8s of information, i.e.[of' of' of'] with 0f' corresponding

to MSB of 3-bit input andy' corresponding to LSB. Thg' o' 05'] to RI mapping is given by Table
5.2.2.6-7.

- If Rl feedback consists @< O <11 bits of information, i.e.[oRI ], then a coded bit sequence

oR' -1

> ] as the input to the channel coding

[G& gY,...G8' ] is obtained by using the bit sequerio§' o
block described in section 5.2.2.6.4.

oR' -1

- If Rl feedback consists afi< OF' < 22 bits of information as a result of the aggregatidiRI bits

corresponding to multiple DL cells or multiple Q8bcesses, i.e[pg{I olR ], then the coded bit

oRI -1
sequenceyg , df 05 .....0G, 1 is Obtained by using the bit sequer[oé‘I ] as the input to the

channel coding block described in section 5.2.2.6.5

oR' -1

- If RI feedback consists @ > 22 bits of information as a result of the aggregatdiRI bits corresponding to

multiple DL cells or multiple CSI processes, i.&)g' ], then the coded bit sequence is denoted by

oRI -1
45 01 +93" .00y -1 - The CRC attachment, channel coding and rate rimafaif the HARQ-ACK bits are
performed according to sections 5.1.1 settirtg 8 bits, 5.1.3.1 and 5.1.4.2, respectively. ifipait bit sequence
to the CRC attachment operatior{&® o', oR' _,1. The output bit sequence of the CRC attachment

operation is the input bit sequence to the chamﬂhg operation. The output bit sequence of ttanaokl
coding operation is the input bit sequence to #te matching operation.

- A UE capable of supporting only up to 5 serviefjis not expected to support CRI/RI payloadédartpan 22
bits.

The “x” and “y” in Table 5.2.2.6-3 and 5.2.2.6-4&g/laceholders for [2] to scramble the RI bits imay that
maximizes the Euclidean distance of the modulagymbols carrying rank information.

For the case where RI feedback for more than onedlilis to be reported, the RI report for eachdall is
concatenated prior to coding in increasing ordesatifindex.

For the case where RI feedback for more than origf28ess is to be reported, the RI reports areai@mated prior to
coding first in increasing order of CSI processeidor each DL cell and then in increasing ordecedf index.

For the case where RI feedback consists of onembits of information the bit sequenqg' ,qu' ,q?' ""’qu| 4 is
obtained by concatenation of multiple encoded Rtké whereQg, is the total number of coded bits for all the
encoded RI blocks. The last concatenation of titw@ed RI block may be partial so that the totebbguence length
is equal tdy, .

For the case where RI feedback consists @™ <11bits of information, the bit sequeneg' , i , g5 ....,05y, -1 iS

obtained by the circular repetition of the bit seace gt G,* .....Gs so that the total bit sequence length is equal

to Qg -

For the case where CRI feedback is to be repotttedsame procedures for Rl are applied for CRI.\Waak
information is to be multiplexed with UL-SCH at avgn PUSCH, the rank information is multiplexedaihlayers of
all transport blocks of that PUSCH. For a givemsort block, the vector sequence output of theeélbcoding for
; PR Rl _RI RI
rank information is denoted by . q, ""'gQ'er’
( m IZN,_) and whereQg, = Qg / Q- The vector sequence is obtained as follows:

whereq™ , i = Q....Qx, ~1 are column vectors of length

Seti, j, kto O

while i < Qg

qlljl =[g" ..'qiEIQm—l] -- temporary row vector
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NL
95' :[gf' ---gf']T -- replicating the row vectoﬁ]s' N. times and transposing into a column vector
i =i+Qq
k=k+1
end while

where N, is the number of layers onto which the UL-SCH s$i@ort block is mapped.

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

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

When the UE transmits channel quality control infation bits, it shall determine the number of matioh coded
symbols per layef)' for channel quality informatioas

PUSCH-initial (x) PUSCH-initial (x) PUSCH X
Q, _ min (O + L) D\/I sc ENsymb moffset M PUSCH [N PUSCH __ éel)
- c0y 1 Wise symb )
SK® Qn
r

r=0
where
- O is the number of CQI/PMI bits, and

<
L is the number of CRC bits given hy= {0 O=<11 and

8 otherwise

QCQI = Qr(nx) [@Q' and ,BF;fLSJSf:H = ;SLI, where ;SLI shall be determined according to [3] dependinghen

(0]

number of transmission codewords for the correspgnBUSCH, and on the uplink power control subfraae
for the corresponding PUSCH when two uplink powantool subframe sets are configured by higher sjer
the cell.

- If neither RI nor CRI is not transmitted the®{’ = 0.

The variable X" in Kr(x) represents the transport block index corresponttirige higheskycs value indicated by the
initial UL grant. In case the two transport blodies/e the samiucsvalue in the corresponding initial UL grank =1,
which corresponds to the first transport blodd, > /S ) " C™ "and K ¥ are obtained from the initial PDCCH
or EPDCCH or MPDCCH for the same transport blotkhére is no initial PDCCH or EPDCCH with DCI foatnO or
MPDCCH with DCI format 6-0A/6-0B for the same traost block, M J>SCH M) " CX) "ang K 9 shall be
determined from:

- the most recent semi-persistent scheduling assghPDCCH or EPDCCH or MPDCCH, when the initial
PUSCH for the same transport block is semi-pensilstscheduled, or,

- the random access response grant for the sanmsptra block, when the PUSCH is initiated by thed@am
access response grant.

N PUSCH-inital (x)

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

transport block.

For UL-SCH data informatioi = N [ﬁN P MM QLY ~ Qe — QY ) where

symb

Nf") is the number of layers the corresponding UL-S@iigport block is mapped onto, and
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M 2USCH is the scheduled bandwidth for PUSCH transmissidhe current sub-frame for the transport block,

and
N&m " is the number of SC-FDMA symbols in the currentJ@H transmission sub-frame given by
NEUSCH= (20fNUL, ~1)- Nggd) . Where
Ngrs is equal to 1 for non-BL/CE UEs and BL/CE UEs iBNodeA
- if UE configured with one UL cell is configured send PUSCH and SRS in the same subframe faaliniti
transmission, or
- if UE transmits PUSCH and SRS in the same suldriomthe current subframe in the same serving cell
or
- ifthe PUSCH resource allocation for the curreutframe even partially overlaps with the cell-sfiec
SRS subframe and bandwidth configuration defineskiction 5.5.3 of [2], or
- if the current subframe in the same servingisedl UE-specific type-1 SRS subframe as defined in
Section 8.2 of [3], or
- if the current subframe in the same servingisedl UE-specific type-0 SRS subframe as defined in
section 8.2 of [3] and the UE is configured withltiple TAGs.
- OtherwiseNgyq is equal to 0.

In case of CQI/PMI report for more than one DL cel},0,,0,,...,05_; is the result of concatenating the CQI/PMI
report for each DL cell in increasing order of éetlex. For the case where CQI/PMI feedback forariban one CSI
process is to be reported,,0,,0,,...,05_; is the result of concatenating the CQI/PMI repartsicreasing order of

CSI process index for each DL cell and then ingasing order of cell index.

- Ifthe payload size is less than or equal to it4, the channel coding of the channel quality infation is
performed according to section 5.2.2.6.4 with inpejuence,,0;,0,,...,00_1 -

- For payload sizes greater than 11 bits, the CRalament, channel coding and rate matching otttzenel
quality information is performed according to senti 5.1.1, 5.1.3.1 and 5.1.4.2, respectively. Tipetibit
sequence to the CRC attachment operatian, i®,,0,,...,05_; - The output bit sequence of the CRC attachment

operation is the input bit sequence to the chaooding operation. The output bit sequence of ttanaokl
coding operation is the input bit sequence to #te matching operation.

The output sequence for the channel coding of aflaguality information is denoted by, ;, 25035+ AN, Qg -1

where N, is the number of layers the corresponding UL-S@iddport block is mapped onto.

5.2.2.6.1 Channel quality information formats for wideband CQlI reports

If the paramete€QIl-ReportModeAperiodits configured to the value ofin12 by higher layers [6], the fields and the
corresponding bit widths for channel quality infation and rank indication feedback are describeueésw.

Table 5.2.2.6.1-1, Table 5.2.2.6.1-1A and Tablez621-1B show the fields and the correspondingviriths for the
channel quality information feedback for widebaegarts for PDSCH transmissions associated wittstrégsion
mode 4, transmission mode 6, transmission modeBguwed with PMI/RI reporting, transmission modednhfigured
with PMI/RI reporting with 2/4/8 antenna ports, arghsmission mode 10 configured with PMI/RI repagtwith 2/4/8
antenna ports, and transmission mode 9/10 configwith PMI/RI reporting with 2/4/8 antenna portgarigher layer
parameteeMIMO-Type andeMIMO-Typeis set to ‘CLASS B’ for a CSI process with K>1 dali=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUEe number of configured CSI-RS resources in bpge&ess K is
defined in [3] andilternativeCodebookEnabledCLASSB_iKtonfigured by higher layers [6].

Table 5.2.2.6.1-1C and Table 5.2.2.6.1-1D showiids and the corresponding bit widths for therolel quality
information feedback for wideband reports for PDSEhsmissions associated with transmission mob@ 9/
configured with PMI/RI reporting with 8/12/16 antenports and higher layer paramesdtIMO-Type andeMIMO-
Typeis set to ‘CLASS A’

3GPP



Release 13 40 3GPP TS 36.212 V13.3.0 (2016-09)

Table 5.2.2.6.1-1E shows the fields and correspaniit widths for the channel quality informaticeetiback for
wideband reports for PDSCH transmissions associatdtransmission mode 9/10 configured with PMIfBporting
with 2/4/8 antenna ports and higher layer parameMdMO-Type andeMIMO-Typeis set to ‘CLASS B’ with K=1 and
higher layer parametaiternativeCodebookEnabledCLASSB_K1=TRidEfigured.

For Table 5.2.2.6.1-1, Table 5.2.2.6.1-1A, TabRZ&6.1-1B, Table 5.2.2.6.1-1C, Table 5.2.2.6.1r0 &able
5.2.2.6.1-1E,N is defined in section 7.2 of [3]. For Table 5.8.2-1C and Table 5.2.2.6.1-D, the codebook

configuration(Nl, N,, q, OZ) is defined in [3], an€CodebookConfigs configured by higher layers [6]. The

parameters(Sl, Sz) in rank 3 and 4 are defined éSl, Sz) = (l 1) for CodebookConfigl, (Sl, S, ) = (% ,%j

for CodebookConfig2, (S,, S, )= (01 : %) for CodebookConfigs, (S,, S, ) = (Ol , %j for

CodebookConfig4. The parameteréSl, Sz) in rank 5 to 8 are defined e(§l, Sz) = (l 1) for CodebookConfigl,

o O
(s.S,)= (71 ,sz for CodebookConfig2/3/4.

Table 5.2.2.6.1-1: Fields for channel quality information feedback for wideband CQl 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
alternativeCodeBookEnabledFor4dTX-r12=TRUE, transmission mode 10 configured with PMI/RI
reporting with 2/4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE, and
transmission mode 9/10 configured with PMI/RI reporting and higher layer parameter eMIMO-Type,
and eMIMO-Type is set to ‘CLASS B’ with 2/4 antenna ports with K>1, and K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE, except with alternativeCodeBookEnabledFor4TX-

r12=TRUE).
Field Bit width
2 antenna ports 4 antenna ports
Rank=1 | Rank=2 | Rank=1 | Rank > 1
Wideband CQl 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 CQl and subband
PMI reports (transmission mode 9 configured with PMI/RI reporting with 8 antenna ports,
transmission mode 10 configured with PMI/RI reporting with 8 antenna ports, and transmission mode
9/10 configured with PMI/RI reporting and higher layer parameter eMIMO-Type, and eMIMO-Type is
set to ‘CLASS B’ with 8 antenna ports with K>1, and K=1 except with
alternativeCodebookEnabledCLASSB_K1=TRUE).

Field Bit width
Rank =1 Rank = 2 Rank =3 Rank =4
Wideband CQI codeword 0 4 4 4 4
Wideband CQIl 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 CQIl 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 5.2.3.3.2-4B: UClI 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, 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
except with alternativeCodebookEnabledCLASSB_K1=TRUE, K>1, with
alternativeCodeBookEnabledFor4TX-r12=TRUE)

Bit width
Field 4 antenna ports
Max 1 or 2 layers | Max 4 layers
Rank indication 1
Precoder type indication 1 1

Table 5.2.3.3.2-4C shows the fields and the coording bit widths for the joint report of CRI anahk indication
feedback for UE-selected sub-band reports for FD8&nsmissions associated with transmission mébe 9
configured with PMI/RI reporting and higher layearameteeMIMO-Type andeMIMO-Typeis set to ‘CLASS B’ with
K>1,and transmission mode 9/10 configured withadt Reporting with 2/4 antenna ports and higher lgyarameter
eMIMO-Type andeMIMO-Typeis set to ‘CLASS B’ with K>1.

Table 5.2.3.3.2-4D shows the fields and the comedmg bit widths for the joint report of CRI , kamdication and
PTI feedback for UE-selected sub-band report®@ECH transmissions associated with transmissiaher8é10

configured with PMI/RI reporting and higher layearameteeMIMO-Type andeMIMO-Typeis set to ‘CLASS B’ with
K>1.

Table 5.2.3.3.2-4C: UCI 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).

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
CR [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 CSI reporting with K>1with alternativeCodeBookEnabledFor4TX-

r12=TRUE)
Bit width
Field 4 antenna ports 8 antenna ports
Max 1 or 2 layers Max 4 layers M?:yl;r 2 lze s sl
CR [log, (K)] [log,(K)] | [log,(K)] | [log,(K)] | [log,(K)]
Rank indication 1 2 1 2 3
P der t
‘ndication - 1 1 1 1 1

Table 5.2.3.3.2-4E shows the fields and the coomdimg bit width for CRI feedback for UE-selectadbsband reports
for PDSCH transmissions associated with transmissiode 9/10 configured with 1 antenna port for €asftRS
resource reporting for Class B CSI reporting WdtHL.
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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 CSlI reporting with K>1).

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

The channel quality bits in Table 5.2.3.3.2-1 tlyloTable 5.2.3.3.2-4E form the bit sequergea,, a,,a;,...,ap4
with a, corresponding to the first bit of the first figldeach of the tables; corresponding to the second bit of the
first field in each of the tables, aral,_; corresponding to the last bit in the last fielech of the tables. The first bit
of each field corresponds to MSB and the last BBLThe RI feedback for one bit is mapped accortbrigable

5.2.2.6-5 withof' replaced bya, . The RI feedback for two bits is mapped accordingable 5.2.2.6-6 witloy' , o

replaced bya,,a, . The RI feedback for three bits is mapped accarthriTable 5.2.2.6-7 witly' , o', oX' replaced

by a,,&,,a,. The same procedures for Rl mapping are appli€tRb replacing RI with CRI.

When multiplexed with UL-SCH, the channel codingl anultiplexing for the transmission configuratidnsTable
5.2.3.3.2-4, Table 5.2.3.3.2-4A, Table 5.2.3.3.2-%i&ble 5.2.3.3.2-4C and Table 5.2.3.3.2-4D i$qguered assuming
RI transmission in section 5.2.2.6. All other tnassion configurations in this section are codedl maltiplexed
assuming CQI/PMI transmission in section 5.2.2.6.

For transmission mode 9/10 configured with Clags® reporting and K>1, the number of antenna pofitable
5.2.3.3.2-4C, 5.2.3.3.2-4D refers to the maximumber of antenna ports of K CSI-RS resources cordigjior the
CSl-process for the UE.

5234 Channel coding for UCI channel quality information and HARQ-ACK

This section defines the channel coding schemthéosimultaneous transmission of channel qualiiyrmation and
HARQ-ACK information in a subframe.

When normal CP is used for uplink transmission,dennel quality information is coded accordingégation 5.2.3.3
with input bit sequencey,a;,as,as,...,ay_4 and output bit sequends,by,b5,b;,...,.bg_;, whereB' =20. The

HARQ-ACK bits are denoted bgg, in case one HARQ-ACK bit oag,a; in case two HARQ-ACK bits are reported

per subframe. Each positive acknowledgement (AGKnicoded as a binary ‘1’ and each negative aclatgeiment
(NACK) is encoded as a binary ‘0.

The output of this channel coding block for nori@#l is denoted by, ,b;,b,,bs,....bg_;, where
b =b/,i=Q..,B'-1

In case one HARQ-ACK bit is reported per subframe:
by =ay and B =(B'+1)

In case two HARQ-ACK bits are reported per subframe
bg =ap,bg., =a andB=(B'+2)

When extended CP is used for uplink transmisstos channel quality information and the HARQ-ACKshdtre jointly
coded. The HARQ-ACK bits are denoted &Y in case one HARQ-ACK bit o[rag,ai'] in case two HARQ-ACK bits
are reported per subframe.

The channel quality information denoted 8y,a;,a5,a;,....ay_; IS multiplexed with the HARQ-ACK bits to yield the
sequencea,,ay, a,, az,...,a,1 as follows

a =a{,i=0..,A'-1

and
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ax =ap and A= (A’ +1) in case one HARQ-ACK bit is reported per subfraore,
ay =ag, a(a+) =a and A= (A’ +2) in case two HARQ-ACK bits are reported per subffam

The sequencey,ay, a,,a3,...,a,; IS encoded according to section 5.2.3.3 to yieéddutput bit sequence
by,by,b,,bs,....bg; where B =20.

524 Uplink control information on PUSCH without UL-SCH data

When control data are sent via PUSCH without UL-S$Gith, the following coding steps can be identified
- Channel coding of control information
- Control information mapping

- Channel interleaver

5241 Channel coding of control information

Control data arrives at the coding unit in the fafhchannel quality information (CQI and/or PMI)ARQ-ACK and
rank indication. Different coding rates for the tohinformation are achieved by allocating differeumber of coded
symbols for its transmission. When the UE transiH®RQ-ACK bits or rank indicator bits, it shall @emine the

number of coded symbolQ' for HARQ-ACK or rank indicator as

PUSCH PUSCH PUSCH
O [M PYSeH INPYseH 3

symb offset PUSCH
,A4IM

Q' =min
OCQI—MIN

where O is the number of HARQ-ACK bits as defined in sent5.2.2.6, or rank indicator bit€.q,_y is the

number of CQI bits including CRC bits assuming ragkals to 1 for all serving cells for which an rapeic CSI report
is triggered [3],M ~YS" s the scheduled bandwidth for PUSCH transmissidhe current subframe expressed as a

number of subcarriers in [2], ariNSF;,ﬁCHis the number of SC-FDMA symbols in the current RBSransmission
sub-frame given b} &5 = (2 EQNSL)’#nb —1)— NSRS), where N.4is equal to 1 if UE is configured to send PUSCH and

SRS in the same subframe for the current subframéthe PUSCH resource allocation for the currantframe even
partially overlaps with the cell-specific SRS suanfie and bandwidth configuration defined in secidn3 of [2], or if
the current subframe is a UE-specific type-1 SR8rame as defined in Section 8.2 of [3], or if therent subframe is
a UE-specific type-0 SRS subframe as defined iti@e8.2 of [3] and the UE is configured with mplg TAGs.

OtherwiseN.4is equal to 0.

offset — [offset offset

For HARQ-ACK informationQ .« =Q,, (@' and [Ble " = Bran@ AK /,BCQ' ]. For UEs configured with no

more than five DL cellsﬂo'?é:tQACK shall be determined according to [3]. For UEs igpred with more than five DL

cells, ,BHARQACK shall be determined according to [3] dependinghemnumber of HARQ-ACK feedback bits.

offset
T . — [ —_ 1 PUSCH _ RI CQl RI
For rank indication or CRIQg, = Q,, [Q", Qcr = Q,, Q" and [Byper = Oﬁset/ﬂoﬁget], where [ 4. shall
be determined according to [3].

For CQI and/or PMI informatioQ.,, = N& 2" [M o °" [Q, — Qy, -

symb

The channel coding and rate matching of the coniata is performed according to section 5.2.2.@ ddded output
sequence for channel quality information is dendgd),,,;,d,, q3,...,qQCQI -1, the coded vector sequence output for
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HARQ-ACK is denoted byquK , qlACK , quCK ,...,qg,CK 2 and the coded vector sequence output for rankation or
- - - —Qack ™

CRI, is denoted b)gf:' ,gf' ,9?' ,.--,qRI

ZQ 1"

5242 Control information mapping

The input are the coded bits of the channel qualfgrmation denoted by,,q;, q2’q3""’qQCQ| _- The output is

denoted byg ,9,.9,.9,-9,,,

vectors of lengthQ,,,. H is the total number of coded bits allocated forl/®!l information.

, whereH =Q_,, andH'=H/Q,, and wheregi ,1=0...,H -1 are column

The control information shall be mapped as follows:

Setj, kto 0

while | < Qcol
9, =[q; "'qj+Qm—l]T
1=1+Qn
k=k+1

end while

5243 Channel interleaver

Rl (RI _RI RI ACK _ACK _ACK ACK
The vector sequencey ,9,.9,-9,. 9y :9; -9, ,...,gQ,RI_l andg .99, el g e channel

interleaved according section 5.2.2.8. The bitsrafhannel interleaving are denotedtiyh, ,h,,....h,.q -

5.3 Downlink transport channels and control information

If the UE is configured with a Master Cell Group@@) and Secondary Cell Group (SCG) [6], the procesiu
described in this clause are applied to the MCG3@&, respectively. When the procedures are apiedSCG, the
term primary cell refers to the primary SCell (P$)Caf the SCG.

If the UE is configured with a PUCCH SCell [6], theocedures described in this clause are appli¢itetgroup of DL
cells associated with the primary cell and the grofiDL cells associated with the PUCCH ScCell, extiyvely. When
the procedures are applied to the group of DL @dkociated with the PUCCH SCell, the term princadyrefers to
the PUCCH SCell.

If the UE is configured with a LAA SCell, the pratees described in this clause are applied assuthengAA SCell
is an FDD ScCell.
5.3.1 Broadcast channel

Figure 5.3.1-1 shows the processing structurehi@BCH transport channel. Data arrives to the gpdimt in the form
of a maximum of one transport block every transimis§ime interval (TTI) of 40ms. The following codj steps can
be identified:

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

The coding steps for BCH transport channel are shavthe figure below.
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a.o,al,...,aA_l i

CRC attachment

CO’C’.I.""’CK—l v

Channel coding

d{,d?,..d0

Rate matching

eO,e_L,...,eE_l i

Figure 5.3.1-1: Transport channel processing for BCH.

5.3.11 Transport block CRC attachment
Error detection is provided on BCH transport blotk®ugh a Cyclic Redundancy Check (CRC).

The entire transport block is used to calculateGReE parity bits. Denote the bits in a transpoockldelivered to layer
1 byay,a,,8,,83,...,85_1, and the parity bits bgy, p;, P2, P3,-.-, PL1 - Ais the size of the transport block and set to

24 bits and. is the number of parity bits. The lowest ordepimfiation bitag is mapped to the most significant bit of
the transport block as defined in section 6.1.[6pf

The parity bits are computed and attached to thiel B&nsport block according to section 5.1.1 sgttiio 16 bits.

After the attachment, the CRC bits are scrambledraing to the eNodeB transmit antenna configuratiith the

SeqUENCEX i 0 Xant 1+ Xant1s @S indicated in Table 5.3.1.1-1 to form the seqaeof bitsc,cy,C,,C3,...,.Cc4 Where
Cy = & fork=0,1,2,...A1

Cc = (Prca + Xanikon)Jmod2  fork = A, A+1,A+2,... A+15.

Table 5.3.1.1-1: CRC mask for PBCH.

Number of transmit antenna ports at eNodeB PBCH CRC mask
< Xant,O* Xam,l*'“!xant,l5 >
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>
5.3.1.2 Channel coding

Information bits are delivered to the channel cgditock. They are denoted by, c;,c,,Cs,...,Ck_; , WhereK is the
number of bits, and they are tail biting convolaatly encoded according to section 5.1.3.1.

After encoding the bits are denotedddy),d”,d{?,d{",....d{), , withi = 01and2, and wheré® is the number of bits
on thei-th coded stream, i.eD =K.
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5.3.1.3 Rate matching

A tail biting convolutionally coded block is deliretl to the rate matching block. This block of coféd is denoted
byd{?,d®,d®,d{,...d0), , withi = 01and2, and wheré is the coded stream index aldds the number of bits in
each coded stream. This coded block is rate matebeatding to section 5.1.4.2.

After rate matching, the bits are denotecepye ,e,,e;,...,6c_1 , WhereE 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 structuredohéransport block for the DL-SCH, PCH and MCHh$gort
channels. Data arrives to the coding unit in thhenfof a maximum of two transport blocks every traigsion time
interval (TTI) per DL cell. The following codingegbs can be identified for each transport block bLecell:

- Add CRC to the transport block

- Code block segmentation and code block CRC attaal
- Channel coding

- Rate matching

- Code block concatenation

The coding steps for PCH and MCH transport chanaelg for one transport block of DL-SCH are showthie figure
below. The same processing applies for each tranbfmxk on each DL cell.

C IS Y l

Transport block
CRC attachment

bO’bl""'bB—l v

Code block segmentation
Code block CRC attachment

Channel coding

.

Rate matching

€0:€1r8r(E 1)

Code block
concatenation

Figure 5.3.2-1: Transport block processing for DL-SCH, PCH and MCH.
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5.3.21 Transport block CRC attachment
Error detection is provided on transport blocketiyh a Cyclic Redundancy Check (CRC).

The entire transport block is used to calculateGRE parity bits. Denote the bits in a transpoockldelivered to layer
1 byay,8,,8,,83,...,85, and the parity bits bg,, p;, P2, P3...-, P__1 - A is the size of the transport block adnds the

number of parity bits. The lowest order informathiha, is mapped to the most significant bit of the t@ors block as
defined in section 6.1.1 of [5].

The parity bits are computed and attached to #resport block according to section 5.1.1 setting 24 bits and using
the generator polynomiakgc244D).
5.3.2.2 Code block segmentation and code block CRC attachment

The bits input to the code block segmentation areted byb,,b;,b,,bs,...,bg_; whereB is the number of bits in the
transport block (including CRC).

Code block segmentation and code block CRC attashare performed according to section 5.1.2.

The bits after code block segmentation are dertoye,, ¢;;,C,,,C,3,....C; (k, -1) » Wherer is the code block number
andK; is the number of bits for code block number

5.3.2.3 Channel coding

Code blocks are delivered to the channel codingkblGhey are denoted lay,, C;1,C,2,Cr3,...,.C; (k, -1) » Wherer is the
code block number, ari€l is the number of bits in code block numbeThe total number of code blocks is denoted by
C and each code block is individually turbo encodedording to section 5.1.3.2.

After encoding the bits are denoteddfy,d,d?,d(3.....d{}, ), withi = 0land2, and whereD; is the number of

bits on the-th coded stream for code block numbgire.D, =K, +4.

5.3.24 Rate matching

Turbo coded blocks are delivered to the rate magchlock. They are denoted 8§f),d%,d(),d® ,...,dr(i(fDr )

withi = 0land2, and where is the code block numberis the coded stream index, afij is the number of bits in

each coded stream of code block numbdihe total number of code blocks is denotedCtgnd each coded block is
individually rate matched according to section 4.1L..

After rate matching, the bits are denotecelye;1,€5,€3,....€ (g -1), Wherer is the coded block number, and where
E, is the number of rate matched bits for code bluakberr.

5325 Code block concatenation

The bits input to the code block concatenation bla® denoted b, o,€1,€2,€3,.--.&(g -1 for r =0...,.C-1 and
where E, is the number of rate matched bits for tkité code block.

Code block concatenation is performed accordirgetdion 5.1.5.

The bits after code block concatenation are denloyefd, f;, f5, fs,..., fg_; . whereG is the total number of coded bits

for transmission. This sequence of coded bits spording to one transport block after code bloalcatenation is
referred to as one codeword in section 6.3.1 oflf2tase of multiple transport blocks per TTI, trensport block to
codeword mapping is specified according to sedi®n3.1.5, 5.3.3.1.5A or 5.3.3.1.5B, dependingtenRCI Format.
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533 Downlink control information

A DCI transports downlink, uplink or sidelink scheithg information, requests for aperiodic CQI regot AA
common information, notifications of MCCH changé ¢ uplink power control commands for one cell @meé RNTI.
The RNTI is implicitly encoded in the CRC.

Figure 5.3.3-1 shows the processing structuretier@Cl. The following coding steps can be idendifie
- Information element multiplexing
- CRC attachment
- Channel coding
- Rate matching

The coding steps for DCI are shown in the figurimwe

C I T T l

CRC attachment

CoClionCka

Channel coding

49,49,...d%, |

Rate matching

&6 8 l
Figure 5.3.3-1: Processing for one DCI.

5.3.3.1 DCI formats
The fields defined in the DCI formats below are pegbto the information bitg to a1 as follows.

Each field is mapped in the order in which it appea the description, including the zero-paddirtésh if any, with
the first field mapped to the lowest order inforimatbit ap and each successive field mapped to higher order
information bits. The most significant bit of edakd is mapped to the lowest order informationfbitthat field, e.g.
the most significant bit of the first field is maggptoay.

5.3.3.1.1 Format O
DCI format 0 is used for the scheduling of PUSChHbiire UL cell.
The following information is transmitted by mearigtee DCI format O:
- Carrier indicator — 0 or 3 bits. This field isegent according to the definitions in [3].
- Flag for formatO/format1A differentiation — 1 pbiwhere value 0 indicates format 0 and value 1cigis format 1A

- Frequency hopping flag — 1 bit as defined inis@c8.4 of [3]. This field is used as the MSB oé ttorresponding
resource allocation field for resource allocatigpet 1.
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- Resource block assignment and hopping resoulmeatibn —’-Iogz(N}j'E; (NS5 +1)/2)-‘ bits

- For PUSCH hopping (resource allocation type §)on

- NuL_nop MSB bits are used to obtain the valuempfg(i) as indicated in section 8.4 of [3]

- (ﬁogz(NgBL (NRg +1)/2)-‘ - NUL_hop) bits provide the resource allocation of the filst in the UL
subframe

- For non-hopping PUSCH with resource allocatiquet®:

- Ulogz(N,g'E; (NRg +1)/2)-‘ ) bits provide the resource allocation in the ULfsaime as defined in section
8.1.1 of [3]
- For non-hopping PUSCH with resource allocatiquetyt :

- The concatenation of the frequency hopping flatfifand the resource block assignment and hopping
resource allocation field provides the resourcecaliion field in the UL subframe as defined in get8.1.2
of [3]

- Modulation and coding scheme and redundancymersis bits as defined in section 8.6 of [3]
- New data indicator — 1 bit

- TPC command for scheduled PUSCH — 2 bits as efim section 5.1.1.1 of [3]

- Cyclic shift for DM RS and OCC index — 3 bitsaefined in section 5.5.2.1.1 of [2]

- UL index — 2 bits as defined in sections 5.1.7.2,1, 8 and 8.4 of [3] (this field is presentyofdr TDD operation
with uplink-downlink configuration 0)

- Downlink Assignment Index (DAI) — 2 bits as dedihin section 7.3 of [3] (this field is presentyfdr cases with
TDD primary cell and either TDD operation with ugtidownlink configurations 1-6 or FDD operation)

- CSlrequest — 1, 2 or 3 bits as defined in secti@.1 of [3]. The 2-bit field applies to UEs cigfred with no
more than five DL cells and to

- UEs that are configured with more than one DIL aetl when the corresponding DCI format is mapp&d o
the UE specific search space given by the C-RNHedimed in [3];

- UEs that are configured by higher layers withrentnan one CSI process and when the correspoidiig
format is mapped onto the UE specific search sga@n by the C-RNTI as defined in [3];

- UEs that are configured with two CSI measurensets by higher layers with the parametsir
MeasSubframeSetnd when the corresponding DCI format is mapped tive UE specific search space
given by the C-RNTI as defined in [3];

the 3-bit field applies to UEs that are configuréth more than five DL cells and when the corresfing DCI
format is mapped onto the UE specific search sga@n by the C-RNTI as defined in [3];

otherwise the 1-bit field applies

- SRS request — 0 or 1 bit. This field can onlypbesent in DCI formats scheduling PUSCH which aapped onto
the UE specific search space given by the C-RNHedisied in [3]. The interpretation of this fielsl provided in
section 8.2 of [3]

- Resource allocation type — 1 bit. This field idyopresent ifNgs < NRg . The interpretation of this field is
provided in section 8.1 of [3]

If the number of information bits in format 0 mappento a given search space is less than the ghglpa of format
1A for scheduling the same serving cell and mapped the same search space (including any paddisngjpended
to format 1A), zeros shall be appended to formantll the payload size equals that of format 1A.

3GPP



Release 13 102 3GPP TS 36.212 V13.3.0 (2016-09)

5.3.31.2 Format 1
DCI format 1 is used for the scheduling of one PBISsodeword in one cell.
The following information is transmitted by mearigtee DCI format 1:
- Carrier indicator — 0 or 3 bits. This field isegent according to the definitions in [3].
- Resource allocation header (resource allocayipa 0 / type 1) — 1 bit as defined in section 7df.[3]

If downlink bandwidth is less than or equallD PRBs, there is no resource allocation heatteresource
allocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 as defined inigect.1.6.1 of [3]:

- "N re ! P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined inigect.1.6.2 of [3]:

- |_Iogz(P)_| bits of this field are used as a header speaifibis resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocatspan

- ({N RE /P-‘—ﬂogz(P)—\—l) bits provide the resource allocation

where the value of P depends on the number of Bauree blocks as indicated in section 7.1.6.1 pf [3
- Modulation and coding scheme — 5 bits as definesction 7.1.7 of [3]
- HARQ process number — 3 bits (for cases with Rpimary cell), 4 bits (for cases with TDD primargli}
- New data indicator — 1 bit
- Redundancy version — 2 bits
- TPC command for PUCCH - 2 bits as defined inised.1.2.1 of [3]
- Downlink Assignment Index — number of bits ascified in Table 5.3.3.1.2-2.

- HARQ-ACK resource offset (this field is presertiem this format is carried by EPDCCH. This fielchig present
when this format is carried by PDCCH) — 2 bits a8reéd in section 10.1 of [3]. The 2 bits are sed when this
format is carried by EPDCCH on a secondary cellyloen this format is carried by EPDCCH on the prima
cell scheduling PDSCH on a secondary cell and tBesltonfigured with PUCCH format 3 for HARQ-ACK
feedback.

If the UE is not configured to decode PDCCH or ERIBOwith CRC scrambled by the C-RNTI and the nurrdfer
information bits in format 1 is equal to that forfat 0/1A, one bit of value zero shall be appertdgdrmat 1.

If the UE is configured to decode PDCCH or EPDCCithWZRC scrambled by the C-RNTI and the number of
information bits in format 1 is equal to that forfat 0/1A for scheduling the same serving cell exaghped onto the
UE specific search space given by the C-RNTI aimdédfin [3], one bit of value zero shall be appehtteformat 1.

If the number of information bits in format 1 cawaiby PDCCH belongs to one of the sizes in Talde35L.2-1, one or
more zero bit(s) shall be appended to format 1 thetipayload size of format 1 does not belongre of the sizes in
Table 5.3.3.1.2-1 and is not equal to that of far@iaA mapped onto the same search space.

Table 5.3.3.1.2-1: Ambiguous Sizes of Information Bits.

| {12, 14, 16,20, 24, 26, 32, 40, 44, 56} |
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Table 5.3.3.1.2-2: Number of bits for Downlink Assignment Index.

Number
of bits

4 For UEs configured by higher layers with codebooksizeDetermination-r13 = dai and when a DCI
format 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 DAl and a 2-bit total DAI.

- Counter DAI — 2 bits as defined in section 7.33)f

- Total DAI — 2 bits as defined in section 7.3 8f

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-r13 = 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-r13 = cc, or for UEs configured by higher layers with
codebooksizeDetermination-r13 = 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.

5.3.31.3 Format 1A

DCI format 1A is used for the compact schedulingieé PDSCH codeword in one cell and random acaesegure
initiated by a PDCCH order. The DCI correspondimg tPDCCH order can be carried by PDCCH or EPDCCH.

The following information is transmitted by mearighee DCI format 1A:
- Carrier indicator — 0 or 3 bits. This field isegent according to the definitions in [3].
- Flag for formatO/format1A differentiation — 1 piwhere value O indicates format 0 and value 1cigis format 1A

Format 1A is used for random access proceduraiediby a PDCCH order only if format 1A CRC is sobéed
with C-RNTI and all the remaining fields are sefa@kws:

- Localized/Distributed VRB assignment flag — 1ibiset to ‘0’

- Resource block assignmen{legz(NF?EL; (NRS +1)/2)-‘ bits, where all bits shall be set to 1

- Preamble Index — 6 bits
- PRACH Mask Index — 4 bits, [5]

- All the remaining bits in format 1A for compact®duling assignment of one PDSCH codeword areset
zero

Otherwise,

- Localized/Distributed VRB assignment flag — 1 dstdefined in 7.1.6.3 of [3]

- Resource block assignmen{legz(N,Q'E; (NRs +1)/2)-‘ bits as defined in section 7.1.6.3 of [3]:

- For localized VRB:
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’_Iogz(N,gBL, (N5 + 1)/2)—‘ bits provide the resource allocation

- For distributed VRB:

- If Ngg <50 or if the format 1A CRC is scrambled by RA-RNTHRTI, SI-RNTI, SC-RNTI or G-

RNTI:
- [Iogz(NRD'B‘(NF?'E; +l)/2)—‘ bits provide the resource allocation
- Else
- 1 bit, the MSB indicates the gap value, whereiwdl indicatesN 4,, = Ny, ; and value 1 indicates
Ngap =N

gap gap,2

- ([logz(NF?g Nes +1)/2)—‘ —1) bits provide the resource allocation,

where Ng,, is defined in [2].

- Modulation and coding scheme — 5bits as definezbction 7.1.7 of [3]

- HARQ process number — 3 bits (for cases with Ripinary cell) , 4 bits (for cases with TDD primargll)
- New data indicator — 1 bit

- If the format 1A CRC is scrambled by RA-RNTIRNTI, SI-RNTI, SC-RNTI or G-RNTI:

- If N2% >50 and Localized/Distributed VRB assignment flagéste 1

- the new data indicator bit indicates the gap @alhere value 0 indicated 3,, = Ng,, 1 and value

1 indicatesN g, = Ngqp »-

- Else the new data indicator 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 inised.1.2.1 of [3]
- If the format 1A CRC is scrambled by RA-RNTIRNTI, or SI-RNTI:

- The most significant bit of the TPC commandeiserved.
- The least significant bit of the TPC commandidates columnN}&; of the TBS table defined of [3].

- If least significant bit is 0 theNigg= 2 elseNppg= 3.

- Else

- The two bits including the most significant initicates the TPC command

- Downlink Assignment Index — number of bits ascfied in Table 5.3.3.1.2-2.

- SRS request — 0 or 1 bit. This field can onlypbesent in DCI formats scheduling PDSCH which aapped onto
the UE specific search space given by the C-RN™edisied in [3]. The interpretation of this fielsl provided in
section 8.2 of [3]. This field is not present wiha DCI is used for scheduling PDSCH in a LAA SCell

- HARQ-ACK resource offset (this field is presertiem this format is carried by EPDCCH. This fielchig present
when this format is carried by PDCCH) — 2 bits afiretd in section 10.1 of [3]. The 2 bits are sed twhen this

3GPP



Release 13 105 3GPP TS 36.212 V13.3.0 (2016-09)

format is carried by EPDCCH on a secondary cellyloen this format is carried by EPDCCH on the priyma
cell scheduling PDSCH on a secondary cell and tBesltonfigured with PUCCH format 3 for HARQ-ACK
feedback.

If the UE is not configured to decode PDCCH or ERIBOwith CRC scrambled by the C-RNTI, and the nundfer
information bits in format 1A is less than thatfefmat O, zeros shall be appended to format 1A tirgi payload size
equals that of format O.

If the UE is configured to decode PDCCH or EPDCCHhWRC scrambled by the C-RNTI and the number of
information bits in format 1A mapped onto a giveaush space is less than that of format O for sdheglthe same
serving cell and mapped onto the same search speros, shall be appended to format 1A until thdqea/size equals
that of format 0, except when format 1A assignsmlow resource on a secondary cell without an Wptionfiguration
associated with the secondary cell.

If the number of information bits in format 1A cigd by PDCCH belongs to one of the sizes in Tal8e351.2-1, one
zero bit shall be appended to format 1A.

When the format 1A CRC is scrambled with a RA-RNHHRNTI, SI-RNTI, SC-RNTI or G-RNTI then the follomg
fields among the fields above are reserved:

- HARQ process number

- Downlink Assignment Index (used for cases withDr primary cell and either FDD operation or TDD ogtésn,
and is not present for cases with FDD primary aell either FDD operation or TDD operation)

5.3.3.1.3A Format 1B
DCI format 1B is used for the compact schedulingrod PDSCH codeword in one cell with precodingrimfation.
The following information is transmitted by mearigtee DCI format 1B:

- Carrier indicator — 0 or 3 bits. The field is peat according to the definitions in [3].

- Localized/Distributed VRB assignment flag — 1 dstdefined in section 7.1.6.3 of [3]

- Resource block assignmen{legz(N,S'E; (NRs +1)/2)-‘ bits as defined in section 7.1.6.3 of [3]

- For localized VRB:

’_Iogz(N,g; (N + 1)/2)—‘ bits provide the resource allocation
- For distributed VRB:

- For Ngs <50
- [Iogz(NRD'B‘(NF?'E; +l)/2)—‘ bits provide the resource allocation

-For N2t >50

RB =
- 1 bit, the MSB indicates the gap value, whereiwdl indicatesN 4., = Ny, ; and value 1 indicates

Ngap = Ngap,2

- ([logz(NF?g (Npes +1)/2)—‘ —1) bits provide the resource allocation

- Modulation and coding scheme — 5bits as definezbtction 7.1.7 of [3]
- HARQ process number — 3 bits (for cases with Rimary cell) , 4 bits (for cases with TDD primasgll)
- New data indicator — 1 bit

- Redundancy version — 2 bits
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- TPC command for PUCCH - 2 bits as defined inised.1.2.1 of [3]

- Downlink Assignment Index — number of bits ascified in Table 5.3.3.1.2-2.

- TPMI information for precoding — number of bits specified in Table 5.3.3.1.3A-1

TPMI information indicates which codebook indexiged in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2pf

corresponding to the single-layer transmission.

- PMI confirmation for precoding — 1 bit as speaifiin Table 5.3.3.1.3A-2

- HARQ-ACK resource offset (this field is presertiem this format is carried by EPDCCH. This fielchig present
when this format is carried by PDCCH) — 2 bits a8reéd in section 10.1 of [3]. The 2 bits are sed twhen this
format is carried by EPDCCH on a secondary cellyloen this format is carried by EPDCCH on the prima
cell scheduling PDSCH on a secondary cell and thésitonfigured with PUCCH format 3 for HARQ-ACK

feedback.

If PMI confirmation indicates that the eNodeB hpaplaed precoding according to PMI(s) reported by the, the
precoding for the corresponding RB(s) in subfranie according to the latest PMI(s) in an aperidd#l reported on

or before subframe-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

Table 5.3.3.1.3A-2: Content of PMI confirmation.

Bit field mapped
to index

Message

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 CSlI report.

If the number of information bits in format 1B igueal to that for format 0/1A for scheduling the saserving cell and
mapped onto the UE specific search space givehdZtRNTI as defined in [3], one bit of value zehall be

appended to format 1B.

If the number of information bits in format 1B daxd by PDCCH belongs to one of the sizes in Tal8e351.2-1, one
or more zero bit(s) shall be appended to formauat the payload size of format 1B does not belangne of the
sizes in Table 5.3.3.1.2-1 and is not equal todh&rmat 0/1A mapped onto the same search space.

5.3.31.4 Format 1C

DCI format 1C is used for very compact schedulihgree PDSCH codeword, notifying MCCH change [6]tifying

SC-MCCH change [6] , reconfiguring TDD, and LAA coron information.

The following information is transmitted by mearigtee DCI format 1C:
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If the format 1C is used for very compact scheaubf one PDSCH codeword

- 1 bitindicates the gap value, where value OdattisN 4., = N4, 1 @nd value 1 indicatel g, = N, 5

- ForNF?é <50, there is no bit for gap indication

- Resource block assignmenl_log2 q_N\',DF';B'gapll N;‘gpj E{\_N\E’F';B'gapl/ Nf;gpj+ 1)/2)-‘ bits as defined in

7.1.6.3 of [3] whereN s .o, is defined in [2] andN5 is defined in [3]

- Modulation and coding scheme — 5 bits as definesction 7.1.7 of [3]
Else if the format 1C is used for notifying MCCHarlge
- Information for MCCH change notification — 8 bés defined in section 5.8.1.3 of [6]

- Reserved information bits are added until the 8zqual to that of format 1C used for very cochpa
scheduling of one PDSCH codeword

Else if the format 1C is used for notifying SC-MCCHange
- Information for SC-MCCH change notification — Bsbas defined in section 5.8a.1.3 of [6]

- Reserved information bits are added until the 8zqual to that of format 1C used for very cochpa
scheduling of one PDSCH codeword

Else if the format 1C is used for reconfiguring TDD
- UL/DL configuration indication:

UL/DL configuration number 1, UL/DL configuratiorumber 2,..., UL/DL configuration numbér

Where each UL/DL configuration is 3 bits,= {%J Liormatic 1S €qual to the payload size of format 1C

used for very compact scheduling of one PDSCH codéwl he paramet&imta-UL-DL-Configindex
provided by higher layers determines the index&UWL/DL configuration indication for a serving tel

- Zeros are added until the size is equal to th&dronat 1C used for very compact scheduling of BRESCH
codeword

Else
- Subframe configuration for LAA — 4 bits as definea section 13A of [3]

- Reserved information bits are added until the gzqual to that of format 1C used for very cothpa
scheduling of one PDSCH codeword

5.3.3.1.4A Format 1D

DCI format 1D is used for the compact schedulingred PDSCH codeword in one cell with precoding poer
offset information.

The following information is transmitted by mearigtee DCI format 1D:
- Carrier indicator — 0 or 3 bits. The field is peat according to the definitions in [3].

- Localized/Distributed VRB assignment flag — 1 dstdefined in section 7.1.6.3 of [3]

- Resource block assignmen{legz(N,Q'E; (NRs +1)/2)-‘ bits as defined in section 7.1.6.3 of [3]:

- For localized VRB:

’7|092(NRDIB‘ (Nps + 1)/2)—| bits provide the resource allocation
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- For distributed VRB:

- For N&5 <50
- |_Iogz(N§§ [\ +1)/2)-‘ bits provide the resource allocation

-For NP- >50

RB =
- 1 bit, the MSB indicates the gap value, whereiwdl indicatesN 4., = N4, ; and value 1 indicates

Ngap = Ngap,2

- ([logz(NF?g Nes +1)/2)—‘ —1) bits provide the resource allocation

- Modulation and coding scheme — 5bits as definezbction 7.1.7 of [3]

- HARQ process number — 3 bits (for cases with Ripiary cell), 4 bits (for cases with TDD primargii}
- New data indicator — 1 bit

- Redundancy version — 2 bits

- TPC command for PUCCH — 2 bits as defined inised.1.2.1 of [3]

- Downlink Assignment Index — number of bits ascfied in Table 5.3.3.1.2-2.

- TPMI information for precoding — number of bits specified in Table 5.3.3.1.4A-1

TPMI information indicates which codebook indexiged in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2pf [
corresponding to the single-layer transmission.

- Downlink power offset — 1 bit as defined in seaqtir.1.5 of [3]

- HARQ-ACK resource offset (this field is presertienm this format is carried by EPDCCH. This fielchig present
when this format is carried by PDCCH) — 2 bits afiretd in section 10.1 of [3]. The 2 bits are sed twhen this
format is carried by EPDCCH on a secondary cellyloen this format is carried by EPDCCH on the priyma
cell scheduling PDSCH on a secondary cell and tBesltonfigured with PUCCH format 3 for HARQ-ACK
feedback.

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 bits in format 1D igual to that for format 0/1A for scheduling the saserving cell and
mapped onto the UE specific search space givehéZtRNTI as defined in [3], one bit of value zehall be
appended to format 1D.

If the number of information bits in format 1D dad by PDCCH belongs to one of the sizes in Tal8e351.2-1, one
or more zero bit(s) shall be appended to formautfl the payload size of format 1D does not beltmgne of the
sizes in Table 5.3.3.1.2-1 and is not equal to dh&rmat 0/1A mapped onto the same search space.

5.3.3.1.5 Format 2
The following information is transmitted by mearigtee DCI format 2:
- Carrier indicator — 0 or 3 bits. The field is peat according to the definitions in [3].

- Resource allocation header (resource allocayipa 0 / type 1) — 1 bit as defined in section 7df.[3]
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If downlink bandwidth is less than or equal to JRB3, there is no resource allocation header arwires
allocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 defined in sectidn6.1 of [3]:

- ’_N Re ! P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined inigect.1.6.2 of [3]:

- |_Iogz(P)_| bits of this field are used as a header speaifitis resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocatspan

. G_N oL /P-‘—flogz(Pﬂ—l) bits provide the resource allocation

where the value of P depends on the number of Bauree blocks as indicated in section 7.1.6.1 pf [3
- TPC command for PUCCH — 2 bits as defined inised.1.2.1 of [3]
- Downlink Assignment Index — number of bits ascfied in Table 5.3.3.1.2-2.
- HARQ process number - 3 bits (for cases with Fdinary cell), 4 bits (for cases with TDD primargiiy
- Transport block to codeword swap flag — 1 bit
In addition, for transport block 1:
- Modulation and coding scheme — 5 bits as definesibction 7.1.7 of [3]
- New data indicator — 1 bit
- Redundancy version — 2 bits
In addition, for transport block 2:
- Modulation and coding scheme — 5 bits as definexbction 7.1.7 of [3]
- New data indicator — 1 bit
- Redundancy version — 2 bits
- Precoding information — number of bits as spedifn Table 5.3.3.1.5-3

- HARQ-ACK resource offset (this field is presertiem this format is carried by EPDCCH. This fielchig present
when this format is carried by PDCCH) — 2 bits a8reéd in section 10.1 of [3]. The 2 bits are sed twhen this
format is carried by EPDCCH on a secondary cellyloen this format is carried by EPDCCH on the prima
cell scheduling PDSCH on a secondary cell and tBesltonfigured with PUCCH format 3 for HARQ-ACK
feedback.

If both transport blocks are enabled, the transiplotk to codeword mapping is specified accordm@able
5.3.3.1.5-1.

In case one of the transport blocks is disablespasified in section 7.1.7.2 of [3], the transgndck to codeword
swap flag is reserved and the transport block tleemrd mapping is specified according to Table3135-2.
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Table 5.3.3.1.5-1: Transport block to codeword mapping
(two transport blocks enabled).

transport block codeword 0 codeword 1
to codeword
(enabled) (enabled)
swap flag value
0 transport block 1 | transport block 2
1 transport block 2 | transport block 1

Table 5.3.3.1.5-2: Transport block to codeword mapping
(one transport block enabled).

codeword codew
transport transport
block 1 block 2 0 ord 1
(enabled) (disabled)
. transport
enabled disabled block 1 -
. transport
disabled enabled block 2 -

The interpretation of the precoding informatiorididepends on the number of enabled codewords diogoio Table
5.3.3.1.5-4 and Table 5.3.3.1.5-5. Note that Tiidicates which codebook index is used in Table46233-1 or Table
6.3.4.2.3-2 of [2]. For a single enabled codewardices 18 to 34 inclusive in Table 5.3.3.1.5-5@méy supported for
retransmission of the corresponding transport bibttiat transport block has previously been traittgeh using two
layers with closed-loop spatial multiplexing.

If the number of information bits in format 2 cadiby PDCCH belongs to one of the sizes in Tal#e85..2-1, one
zero bit shall be appended to format 2.

Some entries in Table 5.3.3.1.5-4 and Table 5.%&%re used for indicating that the eNodeB hadiegh precoding
according to PMI(s) reported by the UE. In thessesahe precoding for the corresponding RB(s) lnframen is
according to the latest PMI(s) in an aperiodic @&plorted on or before subframet. For aperiodic CSI mode 2-2:
Precoding of scheduled resource blocks belongirige@eported preferred M subband(s) use precqdme¢erding to
the preferred M subband PMI indicated by the laapstriodic CSI report; Precoding of scheduled resmblocks not
belonging to the reported preferred M subband(g)augrecoder according to the wideband PMI inditatethe 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
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Table 5.3.3.1.5-4: 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 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

L 1 /42 1 {1 1 }
2[j] -]

2 1 layer: Precoding 2 2 layers: Precoding
corresponding to according to the latest
precoder vector PMI report on

117 PUSCH, using the
[l 1] /\/E precoder(s) indicated
by the reported
PMiI(s)

3 1 layer: Precoding 3 reserved
corresponding to
precoder vector

L2

4 1 layer: Precoding 4 reserved
corresponding to
precoder vector
L -j] 142

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 18t 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
PMiI(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
PMiI(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
PMiI(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
PMiI(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
PMiI(s)
51-63 Reserved

5.3.3.1.5A Format 2A
The following information is transmitted by mearigtee DCI format 2A:

- Carrier indicator — 0 or 3 bits. The field is peat according to the definitions in [3].
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- Resource allocation header (resource allocatipe 0 / type 1) — 1 bit as defined in section 7df.|8]

If downlink bandwidth is less than or equal to JRB3, there is no resource allocation header arulires
allocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 as defined inisect.1.6.1 of [3]

- "N re ! P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined inisect.1.6.2 of [3]

- ﬂogz(Pﬂ bits of this field are used as a header spedifibis resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocatpan

- ({N RE /P-‘—ﬂogz(P)—\—l) bits provide the resource allocation

where the value of P depends on the number of Bauree blocks as indicated in section 7.1.6.1 pf [3
- TPC command for PUCCH - 2 bits as defined inised.1.2.1 of [3]
- Downlink Assignment Index — number of bits ascified in Table 5.3.3.1.2-2.
- HARQ process number - 3 bits (for cases with Fipibnary cell), 4 bits (for cases with TDD primargli}
- Transport block to codeword swap flag — 1 bit
In addition, for transport block 1:
- Modulation and coding scheme — 5 bits as definexction 7.1.7 of [3]
- New data indicator — 1 bit
- Redundancy version — 2 bits
In addition, for transport block 2:
- Modulation and coding scheme — 5 bits as definesibction 7.1.7 of [3]
- New data indicator — 1 bit
- Redundancy version — 2 bits
- Precoding information — number of bits as spediin Table 5.3.3.1.5A-1

- HARQ-ACK resource offset (this field is presertienm this format is carried by EPDCCH. This fielchit present
when this format is carried by PDCCH) — 2 bits afiretd in section 10.1 of [3]. The 2 bits are sed twhen this
format is carried by EPDCCH on a secondary cellyloen this format is carried by EPDCCH on the prima
cell scheduling PDSCH on a secondary cell and thésitonfigured with PUCCH format 3 for HARQ-ACK
feedback.

If both transport blocks are enabled, the transiploxtk to codeword mapping is specified accordmdable
5.3.3.1.5-1.

In case one of the transport blocks is disablesdfrdnsport block to codeword swap flag is reseamithe transport
block to codeword mapping is specified accordingable 5.3.3.1.5-2.

The precoding information field is defined accoglip Table 5.3.3.1.5A-2. For a single enabled cantdwindex 1 in
Table 5.3.3.1.5A-2 is only supported for retransiois of the corresponding transport block if tmahsport block has
previously been transmitted using two layers wéitgé delay CDD.
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For transmission with 2 antenna ports, the preapuiiformation field is not present. The numberrahsmission layers
is equal to 2 if both codewords are enabled; tréndiversity is used if codeword 0 is enabled whiitgleword 1 is
disabled.

If the number of information bits in format 2A cigd by PDCCH belongs to one of the sizes in Tal8e351.2-1, 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 mearigtee DCI format 2B:
- Carrier indicator — 0 or 3 bits. The field is peat according to the definitions in [3].
- Resource allocation header (resource allocatipe 0 / type 1) — 1 bit as defined in section 7df.|8]

If downlink bandwidth is less than or equal to JRB3, there is no resource allocation header arwires
allocation type 0 is assumed.

- Resource block assignment:
- For resource allocation type 0 as defined inisect.1.6.1 of [3]
- ’_N Re ! P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined inisect.1.6.2 of [3]

- ﬂogz(Pﬂ bits of this field are used as a header spedifibis resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocatpan

. G_N o /P-‘—flogz(Pﬂ—l) bits provide the resource allocation

where the value of P depends on the number of Bhuree blocks as indicated in section [7.1.6.1Bbf

3GPP



Release 13 115 3GPP TS 36.212 V13.3.0 (2016-09)

- TPC command for PUCCH - 2 bits as defined inised.1.2.1 of [3]

- Downlink Assignment Index — number of bits ascified in Table 5.3.3.1.2-2.

- HARQ process number - 3 bits (for cases with Fipibnary cell), 4 bits (for cases with TDD primargli}
- Scrambling identity— 1 bit as defined in secté&h0.3.1 of [2]

- SRS request — [0-1] bit. This field can only egent for TDD operation and if present is defiimeglection 8.2 of
3]

In addition, for transport block 1:
- Modulation and coding scheme — 5 bits as definexction 7.1.7 of [3]
- New data indicator — 1 bit
- Redundancy version — 2 bits

In addition, for transport block 2:
- Modulation and coding scheme — 5 bits as definesbction 7.1.7 of [3]
- New data indicator — 1 bit
- Redundancy version — 2 bits

- HARQ-ACK resource offset (this field is presertiem this format is carried by EPDCCH. This fielchig present
when this format is carried by PDCCH) — 2 bits a8reéd in section 10.1 of [3]. The 2 bits are sed twhen this
format is carried by EPDCCH on a secondary cellyloen this format is carried by EPDCCH on the prima
cell scheduling PDSCH on a secondary cell and thésitonfigured with PUCCH format 3 for HARQ-ACK
feedback.

If both transport blocks are enabled, the numbéayrs equals two; transport block 1 is mappecbtteword 0; and
transport block 2 is mapped to codeword 1. Antgrovés 7 and 8 are used for spatial multiplexing.

In case one of the transport blocks is disableziptimber of layers equals one; the transport tlododeword
mapping is specified according to Table 5.3.3.1.8m the antenna port for single-antenna porstrassion 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 bits in format 2B daxd by PDCCH belongs to one of the sizes in Tal8e351.2-1, one
zero bit shall be appended to format 2B.

5.3.3.1.5C Format 2C
The following information is transmitted by mearigtee DCI format 2C:
- Carrier indicator — 0 or 3 bits. The field is peat according to the definitions in [3].
- Resource allocation header (resource allocatipe 0 / type 1) — 1 bit as defined in section 7df.|8]

If downlink bandwidth is less than or equal to JRB3, there is no resource allocation header arulires
allocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 as defined inisect.1.6.1 of [3]
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- ’_N Re ! P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined inisect.1.6.2 of [3]

- |_Iogz(P)_| bits of this field are used as a header speaifitis resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocatspan

. G_N oL /P-‘—flogz(Pﬂ—l) bits provide the resource allocation

where the value d? depends on the number of DL resource blocks assdtet! in section [7.1.6.1] of [3]
- TPC command for PUCCH — 2 bits as defined inised.1.2.1 of [3]

- Downlink Assignment Index — number of bits ascfied in Table 5.3.3.1.2-2.

- HARQ process number - 3 bits (for cases with Finary cell), 4 bits (for cases with TDD primargiiy

- Antenna port(s), scrambling identity and numbfdagers — 3 bits as specified in Table 5.3.3.155®herenscip is
the scrambling identity for antenna ports 7 ancéfinéd in section 6.10.3.1 of [2], or 4bits as sfied in Table
5.3.3.1.5C-2 wherascip is the scrambling identity for antenna ports 71Band 13 defined in section 6.10.3.1
of [2] when higher layer parametémrs-tableAlts set to 1.

- SRS request — [0-1] bit. This field can only egent for TDD operation and if present is defiimegection 8.2 of
(3]

In addition, for transport block 1:
- Modulation and coding scheme — 5 bits as definexsibction 7.1.7 of [3]
- New data indicator — 1 bit
- Redundancy version — 2 bits

In addition, for transport block 2:
- Modulation and coding scheme — 5 bits as definexbction 7.1.7 of [3]
- New data indicator — 1 bit
- Redundancy version — 2 bits

- HARQ-ACK resource offset (this field is presertiem this format is carried by EPDCCH. This fielchig present
when this format is carried by PDCCH) — 2 bits afiretd in section 10.1 of [3]. The 2 bits are sed twhen this
format is carried by EPDCCH on a secondary cellyloen this format is carried by EPDCCH on the priyma
cell scheduling PDSCH on a secondary cell and thésitonfigured with PUCCH format 3 for HARQ-ACK
feedback.

If both transport blocks are enabled; transportilb is mapped to codeword 0; and transport bloiskr@apped to
codeword 1.

In case one of the transport blocks is disablearidnsport block to codeword mapping is specifiecbrding to Table
5.3.3.1.5-2. For the single enabled codeword, Valde5, 6 in Table 5.3.3.1.5C-1 or Value = 12 1%3n Table
5.3.3.1.5C-2 are only supported for retransmiseifdine corresponding transport block if that tyzors block has
previously been transmitted using two, three or fayers, respectively.

If the number of information bits in format 2C dad by PDCCH belongs to one of the sizes in Tal8e351.2-1, one
zero bit shall be appended to format 2C.
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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, nscip=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

Table 5.3.3.1.5C-2: Antenna port(s), scrambling identity and number of layers indication

One Codeword: Two Codewords:
Codeword 0 enabled, Codeword 0 enabled,
Codeword 1 disabled Codeword 1 enabled
Value Message Value Message
0 1 layer, port 7, nscip=0 (OCC=2) 0 2 layer, port 7-8, nscip=0 (OCC=2)
1 1 layer, port 7, nscip=1 (OCC=2) 1 2 layer, port 7-8, nscip=1 (OCC=2)
2 1 layer, port 8, nscip=0 (OCC=2) 2 2 layer, port 7-8, nscip=0 (OCC=4)
3 1 layer, port 8, nscip=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
5.3.3.1.5D Format 2D

The following information is transmitted by mearigtee DCI format 2D:

- Carrier indicator — 0 or 3 bits. The field is peat according to the definitions in [3].

- Resource allocation header (resource allocaipe 0 / type 1) — 1 bit as defined in section 7df.[3]

If downlink bandwidth is less than or equal to JRB3, there is no resource allocation header arulires

allocation type 0 is assumed.

- Resource block assignment:

- For resource allocation type 0 as defined inisect.1.6.1 of [3]
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- (N RE /P-‘ bits provide the resource allocation

- For resource allocation type 1 as defined inisect.1.6.2 of [3]

- ﬂogz(Pﬂ bits of this field are used as a header spedifibis resource allocation type to indicate the
selected resource blocks subset

- 1 bit indicates a shift of the resource allocatspan

. ({N% /P-‘—ﬂogz(Pﬂ—l) bits provide the resource allocation

where the value d? depends on the number of DL resource blocks asétet! in section [7.1.6.1] of [3]
- TPC command for PUCCH - 2 bits as defined inisad.1.2.1 of [3]

- Downlink Assignment Index — number of bits ascfied in Table 5.3.3.1.2-2.

- HARQ process number - 3 bits (for cases with Fdinary cell), 4 bits (for cases with TDD primargiiy

- Antenna port(s), scrambling identity and numbfeagers — 3 bits as specified in Table 5.3.3.155®herenscip is
the scrambling identity for antenna ports 7 aneé®neéd in section 6.10.3.1 of [2], or 4bits as sfed in Table
5.3.3.1.5C-2 wherascip is the scrambling identity for antenna ports 71Band 13 defined in section 6.10.3.1
of [2] when higher layer parametémrs-tableAltis set to 1.

- SRS request — [0-1] bit. This field can only egent for TDD operation and if present is defiimegection 8.2 of
(3]

In addition, for transport block 1:
- Modulation and coding scheme — 5 bits as definexsbction 7.1.7 of [3]
- New data indicator — 1 bit
- Redundancy version — 2 bits
In addition, for transport block 2:
- Modulation and coding scheme — 5 bits as definexbction 7.1.7 of [3]
- New data indicator — 1 bit
- Redundancy version — 2 bits
- PDSCH RE Mapping and Quasi-Co-Location Indicat@ bits as defined in sections 7.1.9 and 7.1.1G]of

- HARQ-ACK resource offset (this field is presertiem this format is carried by EPDCCH. This fielchig present
when this format is carried by PDCCH) — 2 bits a8reéd in section 10.1 of [3]. The 2 bits are sed twhen this
format is carried by EPDCCH on a secondary cellyloen this format is carried by EPDCCH on the prima
cell scheduling PDSCH on a secondary cell and tBesltonfigured with PUCCH format 3 for HARQ-ACK
feedback.

If both transport blocks are enabled; transportkblbis mapped to codeword 0; and transport bloiskr2apped to
codeword 1.

In case one of the transport blocks is disableslfridinsport block to codeword mapping is specifiecbrding to Table
5.3.3.1.5-2. For the single enabled codeword, Valde5, 6 in Table 5.3.3.1.5C-1 or Value = 12,143n Table
5.3.3.1.5C-2 are only supported for retransmissidihe corresponding transport block if that trasrsplock has
previously been transmitted using two, three or fayers, respectively.

If the number of information bits in format 2D dad by PDCCH belongs to one of the sizes in Tal8e351.2-1, 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 TP@owands for PUCCH and PUSCH with 2-bit power adjestts.
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The following information is transmitted by mearigtee DCI format 3:

- TPC command number 1, TPC command number 2,...,ddA@nand numbex

L
where N = {%J , and wherel¢ymato 1S equal to the payload size of format O beforeCGRachment when

format O is mapped onto the common search spadegding any padding bits appended to format 0. The
parametetpc-Indexor tpc-Index-PUCCH-SCell-r1Brovided by higher layers determines the indethéoTPC
command for a given UE.

L L
If { fmé“atoJ < f"g‘ato , a bit of value zero shall be appended to format 3

For BL/CE UE,Ltomat candformat O are replaced yormat s-0oa@ndformat 6-0A, respectively, in the description above

5.3.31.7 Format 3A

DCI format 3A is used for the transmission of TRnenands for PUCCH and PUSCH with single bit power
adjustments.

The following information is transmitted by mearigiee DCI format 3A:
- TPC command number 1, TPC command number 2,...,dd@nand number M

where M = Lgymato, @nd whereliomato 1S €qual to the payload size of format O beforeCGRachment when format

0 is mapped onto the common search space, incladingadding bits appended to format 0. The pamrtp-Index
or tpc-Index-PUCCH-SCell-r1Brovided by higher layers determines the indethéoTPC command for a given UE.

For BL/CE UE,Ltomat candformat O are replaced liyormat s-0a@ndformat 6-0A, respectively, in the description above

5.3.3.1.8 Format 4
DCI format 4 is used for the scheduling of PUSCHire UL cell with multi-antenna port transmissiondas,
The following information is transmitted by mearigtee DCI format 4.

- Carrier indicator — 0 or 3 bits. The field is peat according to the definitions in [3].

uL
- Resource block assignmenma{ ﬁng(N;’é N + 1)/2)"’ {Iog{UNRB / P+1-nﬂ J bits, whereP is the
4

UL RBG size as defined in section 8.1.2 of [3]

- For resource allocation type 0:

- The (’]ogz(Ngg (Ngg +1)/2)-‘ )LSBS provide the resource allocation in the UL saitvfe as defined in
section 8.1.1 of [3]

- For resource allocation type 1:

INYL/P+1
RB . . . . .
- The|log, ( 4 LSBs provide the resource allocation in the ULfsarine as defined in

section 8.1.2 of [3]
- TPC command for scheduled PUSCH — 2 bits as eléfin section 5.1.1.1 of [3]

- Cyclic shift for DM RS and OCC index — 3 bitsdefined in section 5.5.2.1.1 of [2]
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- UL index — 2 bits as defined in sections 5.1.7.2,1, 8 and 8.4 of [3] (this field is presentyofdr TDD
operation with uplink-downlink configuration 0)

- Downlink Assignment Index (DAI) — 2 bits as dedihin section 7.3 of [3] (this field is presentyfdr cases
with TDD primary cell and either TDD operation witiplink-downlink configurations 1-6 or FDD operatjo

- CSlrequest—1, 2 or 3 bits as defined in sacfi@.1 of [3]. The 2-bit field applies to UEs cigired with no
more than five DL cells and to

- UEs that are configured with more than one DL, cel
- UEs that are configured by higher layers with enttran one CSI process;

- UEs that are configured with two CSI measurensetd by higher layers with the parametsir
MeasSubframeSet

the 3-bit field applies to UEs that are configuréth more than five DL cells;
otherwise the 1-bit field applies
- SRS request — 2 bits as defined in section 8[3]of
- Resource allocation type — 1 bit as defined otiea 8.1 of [3]
In addition, for transport block 1:
- Modulation and coding schemaed redundancy version — 5 bits as defined in@e®&i6 of [3]
- New data indicator — 1 bit
In addition, for transport block 2:
- Modulation and coding scheme and redundancy mersb bits as defined in section 8.6 of [3]
- New data indicator — 1 bit

Precoding information and number of layers: nundidiits as specified in Table 5.3.3.1.8-1. Bitdials shown in
Table 5.3.3.1.8-2 and Table 5.3.3.1.8- 3. Note Tl for 2 antenna ports indicates which codebindlex is to be
used in Table 5.3.3A.2-1 of [2], and TPMI for 4emba ports indicates which codebook index is tadssl in Table
5.3.3A.2-2, Table 5.3.3A.2-3, Table 5.3.3A.2-4 dable 5.3.3A.2-5 of [2]. If both transport blockeanabled,
transport block 1 is mapped to codeword O; andsprart block 2 is mapped to codeword 1. In caseabilee transport
blocks is disabled, the transport block to codewuapping is specified according to Table 5.3.32L.5or a single
enabled codeword, indices 24 to 39 in Table 5.3833lare only supported for retransmission of teesponding
transport block if that transport block has pregigibeen 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
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Table 5.3.3.1.8-2: Content of precoding information field for 2 antenna ports

3GPP TS 36.212 V13.3.0 (2016-09)

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 bits in format 4 iswed to the payload size for DCI format 1, 2, 2A, 2B or 2D
associated with the configured DL transmission miodée same serving cell, one zero bit shall hgeaded to format

4,

5.3.31.9 Format 5

DCI format 5 is used for the scheduling of PSCCOit] also contains several SCI format O fields usedhe

scheduling of PSSCH.

The following information is transmitted by mearigtee DCI format 5:

- Resource for PSCCH — 6 bits as defined in sedtbg.1 of [3]

-TPC command for PSCCH and PSSCH — 1 bit as definsdctions 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 resoul@eatibn

- Time resource pattern

If the number of information bits in format 5 magp@Ento a given search space is less than the mhglea of format 0
for scheduling the same serving cell, zeros sleljfipended to format 5 until the payload size eqialt of format O
including any padding bits appended to format O.

3GPP



Release 13 122 3GPP TS 36.212 V13.3.0 (2016-09)

5.3.3.1.10 Format 6-0A
DCI format 6-0A is used for the scheduling of PUSI@bne UL cell.
The following information is transmitted by meariglee DCI format 6-0A:

- Flag format 6-0A/format 6-1A differentiation —bit, where value 0 indicates format 6-0A and valuadicates
format 6-1A

- Frequency hopping flag — 1 bit, where value Odatés frequency hopping is not enabled and valineitates
frequency hopping is enabled as defined in sed&i8rt of [2]

UL
- Resource block assignmen[legz{ NgB ﬂ +5 bits for PUSCH as defined in [3]:

UL
- {Iog{ NgB H MSB bits provide the narrowband index as defimeddction 5.2.4 of [2]

- 5 bits provide the resource allocation using Bkaurce allocation type 0 within the indicated oafvand
- Modulation and coding scheme — 4 bits as definexction 8.6 of [3]
- Repetition number — 2 bits as defined in sec@idhof [3]
- HARQ process number — 3 bits
- New data indicator — 1 bit
- Redundancy version — 2 bits
- TPC command for scheduled PUSCH — 2 bits as efin section 5.1.1.1 of [3]

- UL index — 2 bits as defined in sections 5.1.7.2,1, 8 and 8.4 of [3] (this field is presentyofdr TDD
operation with uplink-downlink configuration 0)

- Downlink Assignment Index (DAI) — 2 bits as dedfihin section 7.3 of [3] (This field is presentyfdr cases
with TDD primary cell and either TDD operation witiplink-downlink configurations 1-6 or FDD operatio
This field is reserved when the configured maxinmgetition number is larger than 1 for either PDS@H
MPDCCH.)

- CSlrequest — 1 bit as defined in section 7.2 [Blo
- SRS request -1 bit. The interpretation of théddfis provided in section 8.2 of [3]
- DCI subframe repetition number — 2 bits as defimesection 9.1.5 of [3]

If the number of information bits in format 6-0A pyed onto a given search space is less than thegobsize of
format 6-1A for scheduling the same serving cetl amapped onto the same search space (includingadding bits
appended to format 6-1A), zeros shall be apperaéatnat 6-0A until the payload size equals thafoofat 6-1A.

5.3.3.1.11 Format 6-0B
DCI format 6-0B is used for the scheduling of PUSIGlne UL cell.
The following information is transmitted by mearigle DCI format 6-0B:

- Flag for format 6-0B/format 6-1B differentiatienl bit, where value O indicates format 6-0B andied
indicates format 6-1B

UL
- Resource block assignmen[leg{ NgB ﬂ +3 bits for PUSCH as defined in [3]:

3GPP



Release 13 123 3GPP TS 36.212 V13.3.0 (2016-09)

UL
- {Iog{ NgB H MSB bits provide the narrowband index as defimeddction 5.2.4 of [2]

- 3 bits provide the resource allocation within ihéicated narrowband as specified in section 81[3]
Modulation and coding scheme — 4 bits as definexction 8.6 of [3]

Repetition number — 3 bits as defined in sec8dnhof [3]

HARQ process number — 1 bit

New data indicator — 1 bit

DCI subframe repetition number — 2 bits as defimesection 9.1.5 of [3]

If the number of information bits in format 6-0B ppged onto a given search space is less than thegobsize of
format 6-1B for scheduling the same serving cedl arapped onto the same search space (includingading bits
appended to format 6-1B), zeros shall be apperaléatmat 6-0B until the payload size equals thabofat 6-1B.

5.3.3.1.12 Format 6-1A

DCI format 6-1A is used for the compact schedutiigne PDSCH codeword in one cell and random aquesdure
initiated by a PDCCH order. The DCI correspondim@tPDCCH order can be carried by MPDCCH.

The following information is transmitted by meariglee DCI format 6-1A:

Flag format 6-0A/format 6-1A differentiation —blt, where value 0 indicates format 6-0A and vdluadicates
format 6-1A

Format 6-1A is used for random access procedutiatid by a PDCCH order only if format 6-1A CRC is

scrambled with C-RNTI and all the remaining fielite set as follows:

DL
Resource block assignmenpegzixN—gBH +5 bits, where all bits shall be set to 1

- Preamble Index — 6 bits
-  PRACH Mask Index — 4 bits, [5]
- Starting CE level — 2 bits provide the PRACH titey CE level as defined in [5]

- All the remaining bits in format 6-1A for compastheduling assignment of one PDSCH codeword &ite se
zero

Otherwise,

Frequency hopping flag — 1 bit, where value Gdates frequency hopping is not enabled and valnditates
frequency hopping is enabled as defined in se@idrl of [2]

DL
Resource block assignmenpegzi‘ NgB H +5 bits for PDSCH as defined in [3]:

DL
- {Iog{ NgB ﬂ MSB bits provide the narrowband index as defimeddction 6.2.7 of [2]

- 5 bits provide the resource allocation using Btaurce allocation type 2 within the indicated oatyand
Modulation and coding scheme — 4 bits as definesction 7.1.7 of [3]
Repetition number — 2 bits as defined in sectidnll of [3]

HARQ process number — 3 bits (for cases with Ridinary cell), 4 bits (for cases with TDD primargiiy
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- New data indicator — 1 bit

- Redundancy version — 2 bits

- TPC command for PUCCH - 2 bits as defined inised.1.2.1 of [3]
- If the format 6-1A CRC is scrambled by RA-RNTI:

- The most significant bit of the TPC command serged.

- The least significant bit of the TPC command @adés columnN&rg of the TBS table defined of [3].

- If least significant bit is 0 theNsrg= 2 elseNbrg= 3.

- Else
- The two bits including the most significant biticate the TPC command

- Downlink Assignment Index — number of bits ascified in Table 5.3.3.1.2-2. This field is reserwghen the
configured maximum repetition number is larger thaor either PDSCH or MPDCCH.

- Antenna port(s) and scrambling identity — 2 bidicating the values 0 to 3, as specified in Tdab83.1.5C-1.
This field is present only if PDSCH transmissiodfigured with TM9 for DCI formats scheduling POIS
which are mapped onto the UE specific search sgaea by the C-RNTI as defined in [3].

- SRS request -1 bit. The interpretation of théddfis provided in section 8.2 of [3]
- TPMI information for precoding — number of bits specified in Table 5.3.3.1.3A-1.

- TPMI information indicates which codebook indexused in Table 6.3.4.2.3-1 or Table 6.3.4.2.32)pf
corresponding to the single-layer transmissionsTieid is present only if PDSCH transmission is
configured with TM6 for DCI formats scheduling PDIS@hich are mapped onto the UE specific search
space given by the C-RNTI as defined in [3].

- PMI confirmation for precoding — 1 bit as spemifiin Table 5.3.3.1.3A-2. This field is presentyafiPDSCH
transmission is configured with TM6 for DCI formaisheduling PDSCH which are mapped onto the UE
specific search space given by the C-RNTI as défing3].

- HARQ-ACK resource offset — 2 bits as definedaation 10.1 of [3]
- DCI subframe repetition number — 2 bits as defimesection 9.1.5 of [3]

When the format 6-1A CRC is scrambled with a RA-RNfien the following fields among the fields abare
reserved:

- HARQ process number

- New data indicator

- Downlink Assignment Index
- HARQ-ACK resource offset

If the UE is not configured to decode MPDCCH witRC scrambled by the C-RNTI, and the number of imfation
bits in format 6-1A is less than that of format &;&eros shall be appended to format 6-1A untilghgload size
equals that of format 6-0A.

If the UE is configured to decode MPDCCH with CR€asnbled by the C-RNTI and the number of informatiits in
format 6-1A mapped onto a given search space ssthem that of format 6-0A for scheduling the sa®ieving cell and
mapped onto the same search space, zeros shapbeded to format 6-1A until the payload size egjtizt of format
6-0A.

5.3.3.1.13 Format 6-1B

DCI format 6-1B is used for the scheduling of oS H codeword in one cell.
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The following information is transmitted by mearigle DCI format 6-1B:

- Flag for format 6-0B/format 6-1B differentiatienl bit, where value O indicates format 6-0B andied
indicates format 6-1B

Format 6-1B is used for random access proceduiated by a PDCCH order only if format 6-1B CRC is
scrambled with C-RNTI and all the remaining fielde set as follows:

DL
Reserved bits ][IogzixN—gBH +2 bits, where all bits shall be set to 1

- Preamble Index — 6 bits
-  PRACH Mask Index — 4 bits [5]
- Starting CE level — 2 bits provide the PRACH titay CE level as defined in [5]

- All the remaining bits in format 6-1B for compattheduling assignment of one PDSCH codeword are se
zero

Otherwise,
- Modulation and coding scheme — 4 bits as definexction 7.1.7 of [3]

DL
- Resource block assignmen{legzi‘N—?ﬂ +1 bits for PDSCH as defined in [3]:

DL
- {Iog{ NgB ﬂ MSB bits provide the narrowband index as defimeddction 6.2.7 of [2]

- 1 bit provides the resource allocation within théicated narrowband, where value 0 indicates Ris
PRB index {0, 1, 2, 3} and value 1 indicates tHah6aPRBs are used.

- Repetition number — 3 bits as defined in secfidnl11 of [3]

- HARQ process number — 1 bit

- New data indicator — 1 bit

-  HARQ-ACK resource offset — 2 bits as definedaation 10.1 of [3]

- DCI subframe repetition number —2 bits as defiimesiection 9.1.5 of [3]

When the format 6-1B CRC is scrambled with a RA-RMEN the following fields among the fields abare
reserved:

- HARQ process number
- New data indicator
- HARQ-ACK resource offset

If the UE is not configured to decode MPDCCH witRC scrambled by the C-RNTI, and the number of imfation
bits in format 6-1B is less than that of formatB-@eros shall be appended to format 6-1B untilpéidoad size equals
that of format 6-0B.

If the UE is configured to decode MPDCCH with CR&Zagnbled by the C-RNTI and the number of informatiits in
format 6-1B mapped onto a given search spacesshes that of format 6-0B for scheduling the saewing cell and
mapped onto the same search space, zeros shalpbrded to format 6-1B until the payload size esjtlzt of format
6-0B.
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5.3.3.1.14 Format 6-2

DCI format 6-2 is used for paging and direct intima.

The following information is transmitted by mearigtee DCI format 6-2:
- Flag for paging/direct indication differentiatienl bit, with value O for direct indication andwa 1 for paging
- If Flag=0:

- Direct Indication information — 8 bits providerelct indication of system information update arueoffields,
as defined in [6]

- Reserved information bits are added until the g@zequal to that of format 6-2 with Flag=1
- If Flag=1:

DL
Resource block assignmen{legzi‘N—?ﬂ bits for the narrowband index as defined in sectid.6 of [3]

Modulation and coding scheme — 3 bits as definesction 7.1.7 of [3]

Repetition number — 3 bits as defined in secfidn11 of [3]

DCI subframe repetition number — 2 bits as defimesection 9.1.5 of [3]

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

The entire payload is used to calculate the CR@yplits. Denote the bits of the payloaddyy a,, a,, a;,...,a54, and
the parity bits bypg, p1, P2, P3..-., PL_1- A s the payload size aridis the number of parity bits.

The parity bits are computed and attached accotdiisgction 5.1.1 settirigto 16 bits, resulting in the
sequence,, by, b,,bs,...,.bg_;, whereB = A+ L.

In the case where closed-loop UE transmit anteateon is not configured or applicable, afteaaltment, the CRC
parity bits are scrambled with the correspondingRM, i o, Xinti 15+ Xmii 15 » Where X o corresponds to the MSB of

the RNTI, to form the sequence of hifsc,;, c,,Cs,...,Cg_1- The relation betweetx andby is:
¢, = by fork=0,1,2, .. A1
C = (B + Xpnioa)mod2  fork = A, A+1,A+2,..., A+15.

In the case where closed-loop UE transmit anteatexon is configured and applicable, after attaeht, the CRC
parity bits with DCI format 0 are scrambled witletantenna selection masks ,, Xxgy,--» X ag5 @S indicated in Table

5.3.3.2-1 and the corresponding RNX}i 0, X 1,+--Xmei 15 t0 form the sequence of bdg,c;,c,,cs,...,C5_;. The
relation betweei andby is:

c, = by fork=0,1,2, ... A1

C = (B + Xrnti ke + Xaskoa)mod2  fork = A, A+1,A+2,... A+15.

Table 5.3.3.2-1: UE transmit antenna selection mask.

UE transmit antenna selection Antenna selection mask
< >(AS,O’ XASl’ ""XASIS >
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>
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5.3.3.3 Channel coding

Information bits are delivered to the channel cgditock. They are denoted oy, ¢;,C,,C5,...,Cx 1 , WhereK is the
number of bits, and they are tail biting convolaatly encoded according to section 5.1.3.1.

After encoding the bits are denoted 6§),dl(i),dg),d§i) ,...,dg)_l, with i = 0land2, and wherd is the number of
bits on the-th coded stream, i.eD =K .

5.3.34 Rate matching

A tail biting convolutionally coded block is delire=l to the rate matching block. This block of codiéd is denoted by
d,d®,dP,d$,....d0,, with i = 0Land2, and where is the coded stream index ads the number of bits in
each coded stream. This coded block is rate matebeatding to section 5.1.4.2.

After rate matching, the bits are denotedeyye,e,,€;,....ec; , whereE is the number of rate matched bits.

534 Control format indicator

Data arrives each subframe to the coding uniténfdnm of an indicator for the time span, in uitSOFDM symbols,
of the DCI carried by PDCCH in that subframe of theresponding DL cell. The CFI takes values CHI, 2 or 3. For

system bandwidthNRDEL; >10, the span of the DCI carried by PDCCH in unit©&DM symbols, 1, 2 or 3, is given by

the CFI. For system bandwidtm;RDé <10, the span of the DCI carried by PDCCH in unit©&DM symbols, 2, 3 or
4, is given by CFI+1.

The coding flow is shown in Figure 5.3.4-1.

|

Channel coding

by, by, b3y i
Figure 5.3.4-1 Coding for CFI.

5.3.4.1 Channel coding

The control format indicator is coded according &ble 5.3.4-1.

Table 5.3.4-1: CFl code words.

CFl code word
CFlI <ho, by, ..., 81>
1 <0,1,10,110,1,10,1,10,1,1,0,1,1,0,2,1,001191,0,1,1,0,1>
2 <101101101101,10,11,0,1,1,0,1,11001,1,0,1,1,0>
3 <1101101101101101,1,0,1,1,0,111100,1,1,0,1,1>
4
(Reserved) <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,000000,0,0,0,0>
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5.3.5 HARQ indicator (HI)

Data arrives to the coding unit in the form of wators for HARQ acknowledgement for one transplurti

" |

Channel coding

The coding flow is shown in Figure 5.3.5-1.

by, by, b, i
Figure 5.3.5-1 Coding for HI.

5.3.5.1 Channel coding

The Hl is coded according to Table 5.3.5-1, whereafpositive acknowledgement HI = 1 and for a tiega
acknowledgement HI = 0.

Table 5.3.5-1: HIl code words.

HI code word
HI < bo, bz, b2>
0 <0,0,0>
1 <1,11>
5.4 Sidelink transport channels and control information

541 Sidelink broadcast channel

Figure 5.4.1-1 shows the processing structurehi®iSL-BCH transport channel. Data arrives to thdirgpunit in the
form of a maximum of one transport block. The faling coding steps can be identified:

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

The coding steps for SL-BCH transport channel boavs in the figure below. In addition, after ratatohing PUSCH
interleaving is applied according to sections 52&hd 5.2.2.8 without any control information ider to apply a

time-first rather than frequency-first mapping, whe, . = 2EﬁN§,Lmb —3) and the sequence of bits equal tce.
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a.o,al,...,aA_l i

CRC attachment

CO’C’.I.""’CK—l v

Channel coding

d{,d?,..d0

Rate matching

eo,el,...,eE_l i

Figure 5.4.1-1: Transport channel processing for SL-BCH.

5411 Transport block CRC attachment
Error detection is provided on transport blockstigh a Cyclic Redundancy Check (CRC).

The entire transport block is used to calculateGRE parity bits. Denote the bits in a transpoockldelivered to layer
1 byay,8,,8,,83,...,85, and the parity bits bg,, p;, P2, P3...-,PL1 - Ais the size of the transport block ands the

number of parity bits. The lowest order informatliha, is mapped to the most significant bit of the tpors block as
defined in section 6.1.1 of [5].

The parity bits are computed and attached accotdisgction 5.1.1 settirigto 16 bits, resulting in the sequence of
bitscy, ¢, ,C5,Cs,...,Cc 4 Wherec, =b, fork=0, 1, 2, ...K-1 andK=A+L.

54.1.2 Channel coding

Information bits are delivered to the channel cgdifock. They are denoted oy, c;,c,,Cs,...,Cx_; , WhereK is the
number of bits, and they are tail biting convolaily encoded according to section 5.1.3.1.

After encoding the bits are denoted 8§,d",d{?,d{",....d{), , withi = 01and2, and wheré® is the number of bits
on thei-th coded stream, i.eD =K.
5413 Rate matching

A tail biting convolutionally coded block is delired to the rate matching block. This block of cobtéd is denoted
byd{?,d®,d¥,d{,...d0), , withi = 01and2, and wheré is the coded stream index aldds the number of bits in
each coded stream. This coded block is rate ma@beording to section 5.1.4.2.

After rate matching, the bits are denotecepye ,e,.e;,...,6c_1 , WhereE is the number of rate matched bits as defined
in section 9.6.1 of [2].

542 Sidelink shared channel

The processing of the sidelink shared channelvialthe downlink shared channel according to se&i8r2, with the
following differences:

- Data arrives to the coding unit in the form ohaximum of one transport block every transmissiow tinterval
(TTI)
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- In the step of code block concatenation, the segel of coded bits corresponding to one transpocklafter
code block concatenation is referred to as oneworkin section 9.3.1 of [2].

- PUSCH interleaving is applied according to sewi6.2.2.7 and 5.2.2.8 without any control inforiorain order
to apply a time-first rather than frequency-firsipping, wherec =2 [ﬁNSSy%nb —1).

54.3 Sidelink control information
An SCI transports sidelink scheduling information éne destination ID.

The processing for one SCI follows the downlinktcohinformation according to section 5.3.3, wiktetfollowing
differences:

- Inthe step of CRC attachment, no scramblingei$qsmed.

- PUSCH interleaving is applied according to sewib.2.2.7 and 5.2.2.8 without any control inforiorain order

to apply a time-first rather than frequency-firsipping, wherec =2 [ﬁNg,Lmb —1) and the sequence of bits

equal toe.

5.4.3.1 SCI formats
The fields defined in the SCI formats below are p&pto the information bit to aa.1 as follows.

Each field is mapped in the order in which it appea the description, with the first field mappedhe lowest order
information bitap and each successive field mapped to higher onflemnation bits. The most significant bit of each
field is mapped to the lowest order informationfbitthat field, e.g. the most significant bit bktfirst field is mapped
to ap.

5.4.3.1.1 SCI format 0
SCI format 0 is used for the scheduling of PSSCH.
The following information is transmitted by mearighe SCI format O:

- Frequency hopping flag — 1 bit as defined inisect4.1.1 of [3].

- Resource block assignment and hopping resoulmeasibn —(Iogz(Ngg(Ng'é + 1)/2)-‘ bits

- For PSSCH hopping:

- NsL_nopMSB bits are used to obtain the valuempfg(i) as indicated in section 8.4 of [3]
- Glogz(Né,'g(Ng,'g +1)/2)-‘ - NSL_hOp) bits provide the resource allocation in the subfra

- For non-hopping PSSCH:

- Glogz(Ngg(Ng'é + 1)/2)-‘ ) bits provide the resource allocation in the subfas defined in section
8.1.1 of [3]
- Time resource pattern — 7 bits as defined iniced4.1.1 of [3].
- Modulation and coding scheme — 5 bits as definesction 14.1.1 of [3]
- Timing advance indication — 11 bits as definedéotion 14.2.1 of [3]

- Group destination ID — 8 bits as defined by highgers
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5.4.4 Sidelink discovery channel

The processing of the sidelink discovery channkbigs the downlink shared channel according toieads.3.2, with
the following differences:

- Data arrives to the coding unit in the form ohaximum of one transport block every transmissiow tinterval
(TTI)

- In the step of code block concatenation, the segel of coded bits corresponding to one transpocktafter
code block concatenation is referred to as oneworkin section 9.5.1 of [2].

- PUSCH interleaving is applied according to sewi6.2.2.7 and 5.2.2.8 without any control inforiorain order
to apply a time-first rather than frequency-firsipping, wherec_ =2 [ﬁNSSy%nb —1).

6 Narrowband loT

6.1 Mapping to physical channels

For Narrowband 10T, transport channels are mappéal marrowband physical channels, the channel godin
multiplexing, and interleaving of which are spesdfiin sections 6.3 and 6.4 for the uplink and davitrespectively.
Table 6.1-1 specifies the mapping of the uplinksgort channels to their corresponding physicahohbs. Table 6.1-2
specifies the mapping of the downlink transportreigds to their corresponding physical channels g &bl-3 specifies
the mapping of control channel information to itsresponding physical channel.

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, mulippand interleaving are as in section 5.1 unteéksrwise noted in
section 6.

Usage of coding scheme and coding rate for therdifft types of TrCH is shown in table 6.2-1. Usaigeoding
scheme and coding rate for the different contrdrimation types is shown in table 6.2-2.
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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
ucCl 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 isgsextaccording to [2].

6.3.2 Uplink shared channel

Figure 6.3.2-1 shows the processing structurehi@ittl -SCH transport channel. Data arrives to ttdirgpunit in the
form of a maximum of one transport block over a benof resource units per UL cell. The number ebrece units is
scheduled according to [3]. The following codingpst can be identified:

- CRC attachment
- Channel coding

- Rate matching

80,8y,-8n 1 l

CRC attachment

CO’C’_I.""’CK—]. ¥

Channel coding

00, df,..a0, |

Rate matching

C -, l

Figure 6.3.2-1: Transport block processing for UL-SCH.
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The CRC attachment, channel coding, and rate nrag@rie performed according to sections 5.2.2.12R2and
5.2.2.4, respectively, with the following differaasc
- Insection 5.1.4.1.2 in the calculation@f , Qn is 1 forn/2-BPSK and 2 for/4-QPSK, andvigx = 0 or 2.

In addition, after rate matching interleaving ipkgd per resource unit according to sections 5/2afd 5.2.2.8
without any control information in order to applyime-first rather than frequency-first mapping,esd the input

sequence to 5.2.2.7 is the portioredbr a resource unit instead fpfand whereC_ = N;’yknb—l)Ns‘jl’oLts is the number of

SC-FDMA symbols for NPUSCH in a UL resource unigagen in section 10.1.2.3 of [2].

6.3.3 Uplink control information on NPUSCH without UL-SCH data

When control data is sent via NPUSCH without UL-S@4fa and arrives to the coding unit in the fornafindicator
for HARQ acknowledgement for one transport bloble, toding flow is as shown in Figure 6.3.3-1.

OéACK l

Channel coding

S|

Figure 6.3.3-1: Coding for HARQ-ACK.

The one bit information of HARQ-ACK)OACK

acknowledgemenOOACK: 1 and for a negative acknowledgenm{ﬁ‘f’K =0.

is coded according to Table 6.3.3-1, where foositjve

Table 6.3.3-1: HARQ-ACK code words.

HARQ-ACK HARQ-ACK code word
< 0€CK> < bo, by, bz,.. b15s>

0 <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>
1 <1,11111,1,1,1,1,1,1,1,1,1,1>

6.4 Downlink transport channels and control information

6.4.1 Broadcast channel

The processing structure for the BCH transport nkhis according to Section 5.3.1, with the follagidifferences:
- The transmission time interval (TTI) is 640ms
- The size of the BCH transport block is set tdo84

- The CRC mask for NPBCH is selected according ¢o 2 transmit antenna ports at eNodeB accordirigatile
5.3.1.1-1, where the transmit antenna ports aneetkfn section 10.2.6 of [2]

- The number of rate matched bits is defined inieed0.2.4.1 of [2].

6.4.2 Downlink shared channel and Paging channel
Figure 6.4.2-1 shows the processing structuredoheransport block for the DL-SCH and PCH transpbannels.

Data arrives to the coding unit in the form of aximaum of one transport blocks over a number of ues® units per
DL cell. The following coding steps can be ideuwtififor each transport block of a DL cell:
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CRC attachment
Channel coding

Rate matching

80,8+, 81 l

CRC attachment

CO’C’_L""’CK—]. Y

Channel coding

00,df,..d0; |

Rate matching

&8 B l

Figure 6.4.2-1: Transport block processing for DL-SCH and PCH.

The CRC attachment, channel coding, and rate nraéhiperformed according to sections 5.1.1, 511aBd 5.1.4.2,
respectively. For the CRC attachment, the parity &ie computed and attached according to sectioh Settind- to
24 bits, resulting in the sequence of bjjsc,,c,,C3,...,Ck 4 Wherec, =by, fork=0, 1, 2, ...K-1 andK=A+L.

6.4.3 Downlink control information

A DCI transports downlink or uplink scheduling infeation for one cell and one RNTI. The RNTI is imjily
encoded in the CRC. The processing structure ferl@l is according to Section 5.3.3.

6.4.3.1 DCI Format NO

DCI format NO is used for the scheduling of NPUSi@rne UL cell.

The following information is transmitted by mearigtee DCI format NO:

Flag for format NO/format N1 differentiation -blt, where value 0 indicates format NO and valuedicates
format N1

Subcarrier indication — 6 bits as defined in ®ecl6.5.1.1 of [3]
Resource assignment — 3 bits as defined in se&6cb.1.2 of [3]
Scheduling delay — 2 bits as defined in secti®n 1 of [3]

Modulation and coding scheme — 4 bits as definesction 16.5.1.2 of [3]
Redundancy version — 1 bit as defined in secti®5.1.2 of [3]

Repetition number — 3 bits as defined in secti6rb.1.2 of [3]

New data indicator — 1 bit

DCI subframe repetition number — 2 bits as defimesection 16.6 in [3]
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6.4.3.2 DCI Format N1

DCI format N1 is used for the scheduling of one NI codeword in one cell and random access proeediiated
by a NPDCCH order. The DCI corresponding to a NPBIGder is carried by NPDCCH.

The following information is transmitted by mearigtee DCI format N1:

- Flag for format NO/format N1 differentiation -blt, where value 0 indicates format NO and valuedicates
format N1

- NPDCCH order indicator — 1 bit

Format N1 is used for random access proceduratiaitiby a NPDCCH order only if NPDCCH order indicds
set to ‘1’, format N1 CRC is scrambled with C-RN@&hd all the remaining fields are set as follows:

- Starting number of NPRACH repetitions — 2 bitdlafined in section 16.3.1 of [3]
- Subcarrier indication of NPRACH — 6 bits as defirin section 16.3.1 of [3]
- All the remaining bits in format N1 are set tceon
Otherwise,
- Scheduling delay — 3 bits as defined in sectidd 1 of [3]
- Resource assignment — 3 bits as defined in set604.1.3 of [3]
- Modulation and coding scheme — 4 bits as definesction 16.4.1.5 of [3]
- Repetition number — 4 bits as defined in secti6ért.1.3 of [3]
- New data indicator — 1 bit
- HARQ-ACK resource — 4 bits as defined in sectiém.2 of [3].
- DCI subframe repetition number — 2 bits as defimesection 16.6 in [3]
When the format N1 CRC is scrambled with a RA-RN&n the following fields among the fields above @served:
- New data indicator
- HARQ-ACK resource

If the number of information bits in format N1 &sk than that of format NO, zeros shall be appetalfatmat N1 until
the payload size equals that of format NO.

6.4.3.3 DCI Format N2

DCI format N2 is used for for paging and directigadion.

The following information is transmitted by mearigtee DCI format N2:
Flag for paging/direct indication differentiatiorl-bit, with value 0 for direct indication and vall for paging
If Flag=0:

- Direct Indication information — 8 bits provideréct indication of system information update arkofields, as
defined in [6]

- Reserved information bits are added until the @zequal to that of format N2 with Flag=1
If Flag=1:

- Resource assignment — 3 bits as defined in set8c4.1.3 of [3]
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- Modulation and coding scheme — 4 bits as definesction 16.4.1.5 of [3]
- Repetition number — 4 bits as defined in sectiért.1.3 of [3]

- DCI subframe repetition number — 3 bits as defimesection 16.6 of [3]
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03/12/08 | RAN_42 | RP-080983 0050 | 2 gls_rtif}i?clation of input bits corresponding to 2-bit HARQ-ACK and |8.4.0 8.5.0
-bi
03/12/08 | RAN_42 | RP-080983 [ 0053 [ - |Editorial corrections to 36.212 8.4.0 8.5.0
03/12/08 | RAN 42 | RP-080983 | 0055 [ - |Miscellaneous Corrections 8.4.0 8.5.0
03/12/08 | RAN_42 | RP-080983 | 0057 [ - |Clarification of mapping of information bits 8.4.0 8.5.0
03/12/08 | RAN_42 | RP-080983 | 0058 | - |Completion of 36.212 CR47 (R1-083421) for “new” DCI Formats|8.4.0 8.5.0
03/12/08 | RAN_42 | RP-080983 0059 | - Change for determining DCI format 1A TBS table column 8.4.0 8.5.0
indicator for broadcast control
03/12/08 | RAN_42 | RP-080983 | 0061 [ 2 |Defining DCI format 1A for downlink data arrival 8.4.0 8.5.0
03/12/08 | RAN_42 | RP-080983 | 0063 | 1 |ACK/NACK transmission on PUSCH for LTE TDD 8.4.0 8.5.0
03/12/08 | RAN_42 | RP-080983 | 0065 [ - |Correction in 36.212 related to TDD downlink HARQ processes |8.4.0 8.5.0
03/12/08 | RAN 42 | RP-080983 | 0067 [ 1 |Correction of control MCS offset and SRS symbol puncturing 8.4.0 8.5.0
03/12/08 | RAN_42 | RP-080983 | 0068 | 1 |DCI format 2/2A 8.4.0 8.5.0
03/12/08 | RAN 42 | RP-080983 | 0069 [ - |Correction to zero padding in DCI format 1 8.4.0 8.5.0
03/12/08 | RAN_42 | RP-080983 | 0071 [ - |Clarification of RI bit field mapping for PUCCH 8.4.0 8.5.0
03/12/08 | RAN_42 | RP-080983 | 0072 [ - |[Clarifying RNTI bit mapping for PDCCH CRC scrambling 8.4.0 8.5.0
03/12/08 | RAN 42 | RP-080983 | 0073 [ - |Clarification on BCH transport block size 8.4.0 8.5.0
03/12/08 | RAN_42 | RP-080983 Clarification on the number of PUCCH-based CQI/PMI bits 8.4.0 8.5.0
- 0076 | -
when reported on PUSCH
04/03/09 | RAN_43 | RP-090235 77 1 |Corrections to Transmitted Rank Indication 8.5.0 8.6.0
04/03/09 | RAN_43 | RP-090235 79 1 | Correction to the bundled ACK/NACK and DAI transmission 8.5.0 8.6.0
04/03/09 | RAN 43 | RP-090235 80 2 |Corrections to transmission modes 8.5.0 8.6.0
04/03/09 | RAN_43 | RP-090235 81 1 | Correction on ACKNACK transmission on PUSCH for LTE TDD [8.5.0 8.6.0
04/03/09 | RAN_43 | RP-090235 82 2 [Corrections to CQI and RI fields description 8.5.0 8.6.0
04/03/09 | RAN_43 | RP-090235 83 - | Clarifying DCI format 1A and DCI Format 1B 8.5.0 8.6.0
04/03/09 | RAN_43 | RP-090235 92 1 _[Clarification on channel coding for UCI HARQ-ACK 8.5.0 8.6.0
27/05/09 | RAN_44 | RP-090528 87 ) Sﬁgfg:ome parameters for determining control resources on  [8.6.0 8.7.0
01/12/09 | RAN_46 | RP-091168 89 - | Clarification on bitwidth of RI 8.7.0 8.8.0
01/12/09 | RAN_46 | RP-091168 94 - | Correction to Channel interleaver for PUSCH RE Mapping 8.7.0 8.8.0
01/12/09 | RAN_46 | RP-091177 88 1 _[Editorial corrections to 36.212 8.8.0 9.0.0
01/12/09 | RAN_46 | RP-091257 95 1 |Introduction of enhanced dual layer transmission 8.8.0 9.0.0
16/03/10 [ RAN_47 [ RP-100210 96 1 |MCCH change notification using DCI format 1C 9.0.0 9.1.0
16/03/10 | RAN_47 | RP-100211 97 _ | Addition of missing reference to DCI format 2B + typo 9.0.0 9.1.0
corrections
01/06/10 | RAN_48 | RP-100589 98 - | Correction to TBS determination for DCI format 1C 9.1.0 9.2.0
14/09/10 [ RAN_49 [ RP-100899 99 - | Clarify soft buffer size determination for MCH 9.2.0 9.3.0
07/12/10 | RAN_50 | RP-101320 | 100 | - |Introduction of Rel-10 LTE-Advanced features in 36.212 9.3.0 10.0.0
15/03/11 | RAN_51 | RP-110254 | 101 - | Correction on UE behavior upon receiving DCI format 1B 10.0.0 ]10.1.0
15/03/11 | RAN_51 | RP-110256 | 102 - |Corrections to Rel-10 LTE-Advanced features in 36.212 10.0.0 ]10.1.0
01/06/11 | RAN_52 | RP-110819 | 103 | 3 |[Correction of DCI format 0 and 4 resource allocation 10.1.0 ]10.2.0
01/06/11 | RAN_52 | RP-110819 | 104 [ 2 |Correction to Multi-cluster flag in DCI format O 10.1.0 |10.2.0
01/06/11 | RAN_52 | RP-110819 | 107 | 2 |Corrections on HARQ-ACK Channel Coding in the PUSCH 10.1.0 ]10.2.0
01/06/11 | RAN_52 | RP-110820 | 108 | 3 |A clarification for DCI format payload size 10.1.0 ]10.2.0
01/06/11 | RAN_52 | RP-110819 | 110 [ 1 |Correction the search space and RNTI for CQl and SRS 10.1.0 |10.2.0
request flag
01/06/11 | RAN_52 | RP-110819 | 111 - |Resource dimensioning for CQIl only PUSCH transmission 10.1.0 ]10.2.0
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Change history

Date TSG # TSG Doc. CR |Rev|Subject/Comment Old New
01/06/11 | RAN_52 | RP-110820 | 112 [ 1 |Correction on bit representations of transport block processing |10.1.0 [10.2.0
for UL-SCH
01/06/11 | RAN 52 | RP-110818 | 113 - | Clarification on PMI indication in DCI format1B and format 2 10.1.0 ]10.2.0
01/06/11 | RAN_52 | RP-110820 | 114 | 1 |Rate maching parameters for CA 10.1.0 ]10.2.0
01/06/11 | RAN_52 | RP-110819 | 116 | - |HARQ-ACK on PUSCH for TDD with channel selection 10.1.0 |10.2.0
configured for 2 serving cells
01/06/11 | RAN_52 | RP-110823 | 117 - | Single codeword multiple layer transmission in uplink 10.1.0 ]10.2.0
15/09/11 [ RAN_53 | RP-111228 | 119 | 1 [Corrections on transport block processing for UL-SCH 10.2.0 ]10.3.0
15/09/11 | RAN_53 | RP-111230 | 120 | 2 |On correction of channel coding of control information 10.2.0 ]10.3.0
15/09/11 [ RAN_53 [ RP-111230 | 122 | 1 |Size adjustment of DCI format 0, 1A and 1 10.2.0 ]10.3.0
15/09/11 [ RAN_53 | RP-111232 | 123 | 1 |Corrections on Nsrs 10.2.0 ]10.3.0
15/09/11 [ RAN_53 [ RP-111232 | 124 | 2 |Corrections on DCI format 1B/1D 10.2.0 ]10.3.0
15/09/11 | RAN_53 | RP-111228 | 125 - |Minor Correction on DCI Format 1 Description 10.2.0 ]10.3.0
15/09/11 [ RAN_53 | RP-111226 | 127 | - |Correction on ACK/NACK mapping 10.2.0 ]10.3.0
15/09/11 | RAN_53 RP-111231 128 ) gg:r:?:ttigns on channel coding of control information and DCI 10.2.0 |10.3.0

15/09/11 | RAN_53 Clarification and correction to configuration signalling condition |10.2.0 {10.3.0

RP-111229 | 129 | - |5 channel quality information formats

05/12/11 | RAN 54 | RP-111667 | 130 [ 1 |Corrections on codebook index indication in DCI format 4 10.3.0 ]10.4.0
05/12/11 | RAN_54 | RP-111666 | 131 - |HARQ-ACK on UCl-only PUSCH without UL-SCH data 10.3.0 ]10.4.0
28/02/12 | RAN_55 | RP-120283 | 132 | 2 |Corrections on payload size adjustment for DCI format 1A and 1(10.4.0 ]10.5.0
28/02/12 | RAN_55 | RP-120283 | 133 [ 1 |[Correction of two HARQ-ACK feedback on PUSCH 10.4.0 ]10.5.0
28/02/12 | RAN_55 | RP-120285 | 134 | 1 |Miscellaneous corrections 10.4.0 ]10.5.0
13/06/12 | RAN_56 | RP-120739 | 136 - | Correction to Data and control multiplexing 10.5.0 ]10.6.0
13/06/12 | RAN_56 RP-120737 | 138 ) ]%?rr;z(t:t‘i‘on to CSlI request field size in DCI format 0 and DCI 10.5.0 |10.6.0
04/09/12 | RAN_57 | RP-121272 | 139 | - |Introduction of Rel-11 LTE-Advanced features in 36.212 10.6.0 ]11.0.0
04/12/12 | RAN_58 | RP-121839 | 143 [ - |Correction to the parameter ue-Category-v10xy 11.0.0 |11.1.0
04/12/12 | RAN_58 | RP-121846 | 144 [ - |Finalisation for introducing Rel-11 features 11.0.0 |11.1.0
26/02/13 | RAN_59 RP-130255 | 145 ) ?ec;(:lljt:’ggal clarifications/corrections for introducing Rel-11 11.1.0 |11.2.0
11/06/13 [ RAN_60 [ RP-130751 147 | 2 |Correction on the RI bit width 11.2.0 ]11.3.0
11/06/13 [ RAN_60 [ RP-130747 | 148 | - |CRon DCI Format 4 payload size 11.2.0 ]11.3.0
11/06/13 | RAN_60 | RP-130752 149 - | Correction on the time span of the DCI 11.2.0 ]11.3.0
11/06/13 [ RAN_60 | RP-130752 | 150 | - [Correction on ARO bit setting for DL DCIs carried by EPDCCH [11.2.0 [11.3.0
11/06/13 [ RAN_60 [ RP-130750 | 151 - | Clarification on DL DAI usage in inter-band TDD CA 11.2.0 ]11.3.0

11/06/13 | RAN_60 Correction to bit padding of DCI format 1A for secondary cell 11.2.0 |11.3.0

without uplink component carrier

RP-130749 | 153

03/12/13 | RAN 62 | RP-131893 | 155 [ 1 |Correction on parameter ue-Category 11.3.0 |11.4.0
03/12/13 | RAN 62 | RP-131896 | 154 [ 3 |Introduction of Rel 12 feature for Downlink MIMO Enhancement [11.4.0 [12.0.0
10/06/14 | RAN_64 | RP-140858 | 156 - |Clarification on UE antenna port based CRC masking 12.0.0 ]12.1.0
10/06/14 | RAN_64 | RP-140859 | 157 | 1 [Correction on UCI multiplexing on PUSCH 12.0.0 ]12.1.0
10/06/14 | RAN 64 | RP-140862 | 158 | - |Introduction of Rel 12 features of TDD-FDD CA and elMTA 12.0.0 ]12.1.0
10/06/14 | RAN 64 | RP-140858 | 159 - | Clarification of downlink subframes 12.0.0 ]12.1.0
10/09/14 | RAN 65 [ RP-141485 | 161 - |CR for 36.212 on 256QAM and LC-MTC 12.1.0 ]12.2.0
08/12/14 | RAN_66 | RP-142106 | 163 | 3 |CR for 36.212 on 256QAM and LC-MTC 12.2.0 ]12.3.0
08/12/14 | RAN_66 | RP-142098 | 164 [ 3 |Clarification of PUSCH rate matching with SRS 12.2.0 ]12.3.0
08/12/14 | RAN_66 | RP-142107 | 166 | - |Introduction of Dual Connectivity feature into 36.212 12.2.0 ]12.3.0
09/03/15 | RAN_67 | RP-150366 | 162 [ 3 |Introduction of D2D feature into 36.212 12.3.0 ]12.4.0
15/06/15 | RAN_68 | RP-150936 | 169 - | Corrections on elMTA RRC parameter naming 12.4.0 ]12.5.0
15/06/15 | RAN_68 | RP-150937 | 171 1 | Correction for 36.212 on soft buffer assumption 12.4.0 ]12.5.0
14/09/15 | RAN_69 | RP-151466 | 174 | 1 |Introducing 4-layer MIMO transmission in TM3 and TM4 12.5.0 ]12.6.0
14/09/15 | RAN_69 RP-151467 | 175 | 2 Intro_duction of MIMO capability signalling for intra-band 12.50 12.6.0
contiguous CA
07/12/15 | RAN 70 | RP-152038 | 177 - | Correction on rank indication bit widths 12.6.0 [12.7.0
07/12/15 | RAN_70 | RP-152027 | 178 [ 1 |Introduction of Rel 13 feature of eCA 12.7.0 ]13.0.0
07/12/15 | RAN_70 | RP-152025 | 179 | 1 [Introduction of EB/FD-MIMO 12.7.0 ]13.0.0
07/12/15 | RAN_70 | RP-152026 | 180 [ 2 [Introduction of Rel 13 feature of LAA 12.7.0 ]13.0.0
07/12/15 | RAN_70 | RP-152031 182 | - [Introduction of Rel 13 features for SC-PTM 12.7.0 ]13.0.0
Change history

Date Meeting TDoc CR |Rev | Cat Subject/Comment New
version

2016-03 | RAN#71 | RP-160361| 0181 | 3 | B |Introduction of Rel-13 features of eMTC in 36.212 13.1.0

2016-03 | RAN#71 | RP-160358 | 0185 | - | F |CR on mismatch between 36.212 and 36.331 13.1.0

2016-03 | RAN#71 | RP-160358 | 0186 | - | F |Clarification on Class B CSl report 13.1.0
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2016-03 | RAN#71 | RP-160365 | 0189 ) A ?cl);';Z?tion to Rl reporting for UE category with MIMO capability of |13.1.0
2016-03 | RAN#71 | RP-160358 | 0191 | - | F |CR on CRI-RI payload restriction for non-eCA UE 13.1.0
2016-06 | RAN#72 | RP-161067 | 0192 | 3 | B [Introduction of Rel-13 feature of NB-loT in 36.212 13.20
2016-06 | RAN#72 | RP-161062 | 0194 | - | F |Correction on aperiodic CSI reporting mode 1-0 and 1-1 13.20
2016-06 | RAN#72 | RP-161063 | 0195 | - | F [Correction to S1 and S2 definition and i2 bit width 13.20
2016-06 | RAN#72 | RP-161066 | 0196 | 1 | F [MCS field in DCI format 6-2 for paging for MTC 13.20
2016-06 | RAN#72 | RP-161062 | 0197 | - | F |Coding of higher layer parameter codebooksizeDetermination-r13 | 1520
2016-06 | RAN#72 | RP-161065 | 0198 | - | F [CR on subframe configuration for LAA 13.20
2016-06 | RAN#72 | RP-161063 | 0199 | - | F [Correction on the description of DMRS table 13.20
2016-06 | RAN#72 | RP-161065 | 0200 | - | F |Clarification on the applicability of DL procedures for LAA SCell | 1320
2016-06 | RAN#72 | RP-161062 | 0201 | - | F |Correction on DAI Presence in DCI formats for eCA 13.20
2016-06 | RAN#72 | RP-161066 | 0202 | - | F |identify MPDCCH order in CE mode B in TS 36.212 (Solution 2) | 1320
2016-06 | RAN#72 | RP-161063 | 0203 | - | F |CR on missing CRI-only table (36.212) 13.2.0
2016-06 | RAN#72 | RP-161062 | 0205 | - | F |Correction on citations to a DAI bits table 13.20
2016-06 | RAN#72 | RP-161066 | 0206 | 1 | F |Frequency hopping flag definition in DCI formats for BLUCE UE | 1520
2016-06 | RAN#72 | RP-161066 | 0207 | - | F |Correction on the DCI payload size for eMTC in TS 36.212 13.20
2016-06 | RAN#72 | RP-161066 | 0208 | - | F [Channel interleaver correction for eMTC 13.20
2016-09 | RAN#73 | RP-161563 | 0211 | - | F |Correction on BCH rate matching in TS 36.212 1330
2016-09 | RAN#73 | RP-161560 | 0213 | - | F |Correction on bitwidth of CLASS A codebook 1330
2016-09 | RAN#73 | RP-161560 | 0214 | - | F |Corrections on CRI bit width in 36.212 1330
2016-09 | RAN#73 | RP-161562 | 0215 | - | F [Subband CQl report and TM6 1330
2016-09 | RAN#73 | RP-161562 | 0216 1 F _CI_)SR ;)%ltzcgrification of DCI sizes for format 6-1A (TM6 and TM9) in [13.3.0
2016-09 | RAN#73 | RP-161569 | 0219 | - | F [Correction on SRS request field in DCI format 1A for Rel-13 LAA | 13-3-0
2016-09 | RAN#73 | RP-161925 | 0220 | - | F [introduction of 1.2Gbps and 1.6Gbps UE categories in Rel-13 13.3.0

3GPP





