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Foreword

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

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

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.
1
Scope

The present document specifies the coding, multiplexing and mapping to physical channels for 5G NR.
2
References

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

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

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

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

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

[2]
3GPP TS 38.201: “NR; Physical Layer – General Description”

[3]
3GPP TS 38.202: “NR; Services provided by the physical layer”

[4]
3GPP TS 38.211: “NR; Physical channels and modulation”

[5]
3GPP TS 38.xxx: “NR; Physical layer procedures for control”

[6]
3GPP TS 38.yyy: “NR; Physical layer procedures for data”

[7]
3GPP TS 38.215: “NR; Physical layer measurements”
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

3.2
Symbols

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

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

4
Mapping to physical channels
4.1
Uplink
4.2
Downlink

5
General procedures 
Data and control streams from/to MAC layer are encoded /decoded to offer transport and control services over the radio transmission link.  Channel coding scheme is a combination of error detection, error correcting, rate matching, interleaving and transport channel or control information mapping onto/splitting from physical channels.
5.1
CRC calculation
Denote the input bits to the CRC computation by 
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 is the size of the input sequence and 
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 is the number of parity bits. The parity bits are generated by one of the following cyclic generator polynomials:
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The encoding is performed in a systematic form, which means that in GF(2), the polynomial:
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yields a remainder equal to 0 when divided by the corresponding CRC generator polynomial.
The bits after CRC attachment are denoted by 
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5.2
Code block segmentation and code block CRC attachment
5.2.1
Low density parity check coding

The input bit sequence to the code block segmentation is denoted by 
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 is larger than the maximum code block size 
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 bits is attached to each code block. The maximum code block size is:
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The filler bits shall be set to <NULL> at the input to the encoder. 

Total number of code blocks C is determined by:

if 
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Number of code blocks: 
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Number of code blocks: 
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end if

The bits output from code block segmentation, for 
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 is the code block number, and  
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Number of bits in each code block (applicable for
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For LDPC base graph 1,
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For LDPC base graph 2, 
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find the minimum value of  
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 in all sets of lifting sizes in Table 5.3.2-1, denoted as 
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 is used to calculate the CRC parity bits 
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while 
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end for
5.3
Channel coding

5.3.1
Polar coding

5.3.2
Low density parity check coding
The bit sequence input for a given code block to channel coding is denoted by 
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 is the number of bits to encode. After encoding the bits are denoted by 
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For a code block encoded by LDPC, the following encoding procedure applies:

1) For LDPC base graph 1, 
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4) Generate 
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 is a column vector of all elements equal to 0; 
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The matrix 
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The matrix 
[image: image114.wmf]2

H

 is obtained by replacing each element of 
[image: image115.wmf]EXT

BG,

H

 with a 
[image: image116.wmf]c

c

Z

Z

´

matrix by the following:

· Each element of value 0 in 
[image: image117.wmf]EXT

BG,

H

 is replaced by an all zero matrix 
[image: image118.wmf]0

of size 
[image: image119.wmf]c

c

Z

Z

´

;

· Each element of value 1 in 
[image: image120.wmf]EXT

BG,

H

 is replaced by an identity matrix 
[image: image121.wmf]I

 of size 
[image: image122.wmf]c

c

Z

Z

´

.

For a code block encoded by LDPC base graph 1,  
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For a code block encoded by LDPC base graph 2,  
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Table 5.3.2-1: Sets of LDPC lifting size 
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	Set index (
[image: image150.wmf]LS
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) 
	Set of lifting sizes

	1
	{2, 4, 8, 16, 32, 64, 128, 256}

	2
	{3, 6, 12, 24, 48, 96, 192, 384}

	3
	{5, 10, 20, 40, 80, 160, 320}

	4
	{7, 14, 28, 56, 112, 224}

	5
	{9, 18, 36, 72, 144, 288}

	6
	{11, 22, 44, 88, 176, 352}

	7
	{13, 26, 52, 104, 208}

	8
	{15, 30, 60, 120, 240}


Table 5.3.2-2: 
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 of LDPC base graph 1

	Row index 
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	Column index 
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	0
	1
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	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26

	0
	1
	1
	1
	1
	0
	1
	1
	0
	0
	1
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1
	1
	1
	1
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	0
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	1
	1
	0
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	1
	0
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	2
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0
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	1
	1
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	3
	1
	1
	0
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1
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	4
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1

	5
	1
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0

	6
	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0
	0
	0
	0
	0

	7
	1
	1
	0
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	8
	1
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	1
	0
	1
	1
	0
	1
	0
	0

	9
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0
	0
	0
	0
	0

	10
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	11
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0

	12
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0

	13
	1
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0

	14
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0

	15
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	1
	0

	16
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	0

	17
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0

	18
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0

	19
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	20
	1
	0
	0
	1
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	21
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0

	22
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	23
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0

	24
	1
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	25
	0
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	26
	1
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	27
	0
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	28
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	0
	0

	29
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	1
	0

	30
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0

	31
	0
	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0

	32
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0

	33
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0

	34
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	35
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	36
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0

	37
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	38
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	39
	0
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0

	40
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	41
	0
	1
	0
	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0

	42
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0

	43
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0
	1
	0

	44
	1
	0
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	45
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


Table 5.3.2-3: Parity check matrix 1 and 2 for 
[image: image154.wmf]BG1

H

, corresponding to 
[image: image155.wmf]1

=

LS

i

 and 
[image: image156.wmf]2

=

LS

i


	Row index 
[image: image157.wmf]i


	Shift value 
[image: image158.wmf]j

i

V

,

(
[image: image159.wmf]1

=

LS

i

)
	Shift value 
[image: image160.wmf]j

i

V

,

(
[image: image161.wmf]2

=

LS

i

)

	0
	250,69,226,159,100,10,59,229,110,191,9,195,23,190,35,239,31,1,0
	307,19,50,369,181,216,317,288,109,17,357,215,106,242,180,330,346,1,0

	1
	2,239,117,124,71,222,104,173,220,102,109,132,142,155,255,28,0,0,0
	76,76,73,288,144,331,331,178,295,342,217,99,354,114,331,112,0,0,0

	2
	106,111,185,63,117,93,229,177,95,39,142,225,225,245,205,251,117,0,0
	205,250,328,332,256,161,267,160,63,129,200,88,53,131,240,205,13,0,0

	3
	121,89,84,20,150,131,243,136,86,246,219,211,240,76,244,144,12,1,0
	276,87,0,275,199,153,56,132,305,231,341,212,304,300,271,39,357,1,0

	4
	157,102,0
	332,181,0

	5
	205,236,194,231,28,123,115
	195,14,115,166,241,51,157

	6
	183,22,28,67,244,11,157,211
	278,257,1,351,92,253,18,225

	7
	220,44,159,31,167,104
	9,62,316,333,290,114

	8
	112,4,7,211,102,164,109,241,90
	307,179,165,18,39,224,368,67,170

	9
	103,182,109,21,142,14,61,216
	366,232,321,133,57,303,63,82

	10
	98,149,167,160,49,58
	101,339,274,111,383,354

	11
	77,41,83,182,78,252,22
	48,102,8,47,188,334,115

	12
	160,42,21,32,234,7
	77,186,174,232,50,74

	13
	177,248,151,185,62
	313,177,266,115,370

	14
	206,55,206,127,16,229
	142,248,137,89,347,12

	15
	40,96,65,63,75,179
	241,2,210,318,55,269

	16
	64,49,49,51,154
	13,338,57,289,57

	17
	7,164,59,1,144
	260,303,81,358,375

	18
	42,233,8,155,147
	130,163,280,132,4

	19
	60,73,72,127,224
	145,213,344,242,197

	20
	151,186,217,47,160
	187,206,264,341,59

	21
	249,121,109,131,171
	205,102,328,213,97

	22
	64,142,188,158
	30,11,233,22

	23
	156,147,170,152
	24,89,61,27

	24
	112,86,236,116,222
	298,158,235,339,234

	25
	23,136,116,182
	72,17,383,312

	26
	195,243,215,61
	71,81,76,136

	27
	25,104,194
	194,194,101

	28
	128,165,181,63
	222,19,244,274

	29
	86,236,84,6
	252,5,147,78

	30
	216,73,120,9
	159,229,260,90

	31
	95,177,172,61
	100,215,258,256

	32
	221,112,199,121
	102,201,175,287

	33
	2,187,41,211
	323,8,361,105

	34
	127,167,164,159
	230,148,202,312

	35
	161,197,207,103
	320,335,2,266

	36
	37,105,51,120
	210,313,297,21

	37
	198,220,122
	269,82,115

	38
	167,151,157,163
	185,177,289,214

	39
	173,139,149,0
	258,93,346,297

	40
	157,137,149
	175,37,312

	41
	167,173,139,151
	52,314,139,288

	42
	149,157,137
	113,14,218

	43
	151,163,173,139
	113,132,114,168

	44
	139,157,163,173
	80,78,163,274

	45
	149,151,167
	135,149,15


Table 5.3.2-4: Parity check matrix 3 and 4 for 
[image: image162.wmf]BG1

H

, corresponding to 
[image: image163.wmf]3

=

LS

i

 and 
[image: image164.wmf]4

=

LS

i


	Row index 
[image: image165.wmf]i


	Shift value 
[image: image166.wmf]j

i

V

,

 (
[image: image167.wmf]3

=

LS

i

)
	Shift value 
[image: image168.wmf]j

i

V

,

 (
[image: image169.wmf]4

=

LS

i

)

	0
	73,15,103,49,240,39,15,162,215,164,133,298,110,113,16,189,32,1,0
	223,16,94,91,74,10,0,205,216,21,215,14,70,141,198,104,81,1,0

	1
	303,294,27,261,161,133,4,80,129,300,76,266,72,83,260,301,0,0,0
	141,45,151,46,119,157,133,87,206,93,79,9,118,194,31,187,0,0,0

	2
	68,7,80,280,38,227,202,200,71,106,295,283,301,184,246,230,276,0,0
	207,203,31,176,180,186,95,153,177,70,77,214,77,198,117,223,90,0,0

	3
	220,208,30,197,61,175,79,281,303,253,164,53,44,28,77,319,68,1,0
	201,18,165,5,45,142,16,34,155,213,147,69,96,74,99,30,158,1,0

	4
	233,205,0
	170,10,0

	5
	83,292,50,318,201,267,279
	164,59,86,80,182,130,153

	6
	289,21,293,13,232,302,138,235
	158,119,113,21,63,51,136,116

	7
	12,88,207,50,25,76
	17,76,104,100,150,158

	8
	295,133,130,231,296,110,269,245,154
	33,95,4,217,204,39,58,44,201

	9
	189,244,36,286,151,267,135,209
	9,37,213,105,89,185,109,218

	10
	14,80,211,75,161,311
	82,165,174,19,194,103

	11
	16,147,290,289,177,43,280
	52,11,2,35,32,84,201

	12
	229,235,169,48,105,52
	142,175,136,3,28,182

	13
	39,302,303,160,37
	81,56,72,217,78

	14
	78,299,54,61,179,258
	14,175,211,191,51,43

	15
	229,290,60,130,184,51
	90,120,131,209,209,81

	16
	69,140,45,115,300
	154,164,43,189,101

	17
	257,147,128,51,228
	56,110,200,63,4

	18
	260,294,291,141,295
	199,110,200,143,186

	19
	64,181,101,270,41
	8,6,103,198,8

	20
	301,162,40,130,10
	105,210,121,214,183

	21
	79,175,132,283,103
	192,131,220,50,106

	22
	177,20,55,316
	53,0,3,148

	23
	249,50,133,105
	88,203,168,122

	24
	289,280,110,187,281
	49,157,64,193,124

	25
	172,295,96,46
	1,166,65,81

	26
	270,110,318,67
	107,176,212,127

	27
	210,29,304
	208,141,174

	28
	11,293,50,234
	146,153,217,114

	29
	27,308,117,29
	150,11,53,68

	30
	91,23,105,135
	34,130,210,123

	31
	222,308,66,162
	175,49,177,128

	32
	210,22,271,217
	192,209,58,30

	33
	170,20,140,33
	114,49,161,137

	34
	187,296,5,44
	82,186,68,150

	35
	207,158,55,285
	192,173,26,187

	36
	259,179,178,160
	222,157,0,6

	37
	298,15,115
	81,195,138

	38
	151,179,64,181
	123,90,73,10

	39
	102,77,192,208
	12,77,49,114

	40
	32,80,197
	67,45,96

	41
	154,47,124,207
	23,215,60,167

	42
	226,65,126
	114,91,78

	43
	228,69,176,102
	206,22,134,161

	44
	234,227,259,260
	84,4,9,12

	45
	101,228,126
	184,121,29


Table 5.3.2-5: Parity check matrix 5 and 6 for 
[image: image170.wmf]BG1

H

, corresponding to 
[image: image171.wmf]5

=

LS

i

 and 
[image: image172.wmf]6

=

LS

i


	Row index 
[image: image173.wmf]i


	Shift value 
[image: image174.wmf]j

i

V

,

(
[image: image175.wmf]5

=

LS

i

)
	Shift value 
[image: image176.wmf]j

i

V

,

(
[image: image177.wmf]6

=

LS

i

)

	0
	211,198,188,186,219,4,29,144,116,216,115,233,144,95,216,73,261,1,0
	294,118,167,330,207,165,243,250,1,339,201,53,347,304,167,47,188,1,0

	1
	179,162,223,256,160,76,202,117,109,15,72,152,158,147,156,119,0,0,0
	77,225,96,338,268,112,302,50,167,253,334,242,257,133,9,302,0,0,0

	2
	258,167,220,133,243,202,218,63,0,3,74,229,0,216,269,200,234,0,0
	226,35,213,302,111,265,128,237,294,127,110,286,125,131,163,210,7,0,0

	3
	187,145,166,108,82,132,197,41,162,57,36,115,242,165,0,113,108,1,0
	97,94,49,279,139,166,91,106,246,345,269,185,249,215,143,121,121,1,0

	4
	246,235,0
	42,256,0

	5
	261,181,72,283,254,79,144
	219,130,251,322,295,258,283

	6
	80,144,169,90,59,177,151,108
	294,73,330,99,172,150,284,305

	7
	169,189,154,184,104,164
	3,103,224,297,215,39

	8
	54,0,252,41,98,46,15,230,54
	348,75,22,312,224,17,59,314,244

	9
	162,159,93,134,45,132,76,209
	156,88,293,111,92,152,23,337

	10
	178,1,28,267,234,201
	175,253,27,231,49,267

	11
	55,23,274,181,273,39,26
	25,322,200,351,166,338,192

	12
	225,162,244,151,238,243
	123,217,142,110,176,76

	13
	231,0,216,47,36
	311,251,265,94,81

	14
	0,186,253,16,0,79
	22,322,277,156,66,78

	15
	170,0,183,108,68,64
	176,348,15,81,176,113

	16
	270,13,99,54,0
	190,293,332,331,114

	17
	153,137,0,0,162
	110,228,247,116,190

	18
	161,151,0,241,144
	47,286,246,181,73

	19
	0,0,118,144,0
	87,110,147,258,204

	20
	265,81,90,144,228
	89,65,155,244,30

	21
	64,46,266,9,18
	162,264,346,143,109

	22
	72,189,72,257
	280,157,236,113

	23
	180,0,0,165
	18,6,181,304

	24
	236,199,0,266,0
	38,170,249,288,194

	25
	205,0,0,183
	279,255,111,54

	26
	0,0,0,277
	325,326,226,99

	27
	45,36,72
	91,326,268

	28
	275,0,155,62
	102,1,40,167

	29
	0,180,0,42
	273,104,243,107

	30
	0,90,252,173
	171,16,95,212

	31
	144,144,166,19
	101,297,279,222

	32
	0,211,36,162
	351,265,338,83

	33
	0,0,76,18
	56,304,141,101

	34
	197,0,108,0
	60,320,112,54

	35
	199,278,0,205
	100,210,195,268

	36
	216,16,0,0
	135,15,35,188

	37
	72,144,0
	319,236,85

	38
	190,0,0,0
	164,196,209,246

	39
	153,0,165,117
	236,264,37,272

	40
	216,144,2
	304,237,135

	41
	0,0,0,183
	123,77,25,272

	42
	27,0,35
	288,83,17

	43
	52,243,0,270
	210,3,53,167

	44
	18,0,0,57
	79,244,293,272

	45
	168,0,144
	82,67,235


Table 5.3.2-6: Parity check matrix 7 and 8 for 
[image: image178.wmf]BG1

H

, corresponding to 
[image: image179.wmf]7

=

LS

i

and 
[image: image180.wmf]8

=

LS

i


	Row index 
[image: image181.wmf]i


	Shift value 
[image: image182.wmf]j

i

V

,

(
[image: image183.wmf]7

=

LS

i

)
	Shift value 
[image: image184.wmf]j

i

V

,

(
[image: image185.wmf]8

=

LS

i

)

	0
	0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
	135,227,126,134,84,83,53,225,205,128,75,135,217,220,90,105,137,1,0

	1
	22,11,124,0,10,0,0,2,16,60,0,6,30,0,168,31,105,0,0
	96,236,136,221,128,92,172,56,11,189,95,85,153,87,163,216,0,0,0

	2
	132,37,21,180,4,149,48,38,122,195,155,28,85,47,179,42,66,0,0
	189,4,225,151,236,117,179,92,24,68,6,101,33,96,125,67,230,0,0

	3
	4,6,33,113,49,21,6,151,83,154,87,5,92,173,120,2,142,0,0
	128,23,162,220,43,186,96,1,216,22,24,167,200,32,235,172,219,1,0

	4
	24,204,0
	64,211,0

	5
	185,100,24,65,207,161,72
	2,171,47,143,210,180,180

	6
	6,27,163,50,48,24,38,91
	199,22,23,100,92,207,52,13

	7
	145,88,112,153,159,76
	77,146,209,32,166,18

	8
	172,2,131,141,96,99,101,35,116
	181,105,141,223,177,145,199,153,38

	9
	6,10,145,53,201,4,164,173
	169,12,206,221,17,212,92,205

	10
	126,77,156,16,12,70
	116,151,70,230,115,84

	11
	184,194,123,16,104,109,124
	45,115,134,1,152,165,107

	12
	6,20,203,153,104,207
	186,215,124,180,98,80

	13
	52,147,1,16,46
	220,185,154,178,150

	14
	1,202,118,130,1,2
	124,144,182,95,72,76

	15
	173,6,81,182,53,46
	39,138,220,173,142,49

	16
	88,198,160,122,182
	78,152,84,5,205

	17
	91,184,30,3,155
	183,112,106,219,129

	18
	1,41,167,68,148
	183,215,180,143,14

	19
	12,6,166,184,191
	179,108,159,138,196

	20
	6,12,15,5,30
	77,187,203,167,130

	21
	6,86,96,42,199
	197,122,215,65,216

	22
	44,58,130,131
	25,47,126,178

	23
	45,18,132,100
	185,127,117,199

	24
	9,125,191,28,6
	32,178,2,156,58

	25
	4,74,16,28
	27,141,11,181

	26
	21,142,192,197
	163,131,169,98

	27
	98,140,22
	165,232,9

	28
	4,1,40,93
	32,43,200,205

	29
	92,136,106,6
	232,32,118,103

	30
	2,88,112,20
	170,199,26,105

	31
	4,49,125,194
	73,149,175,108

	32
	6,126,63,20
	103,110,151,211

	33
	10,30,6,92
	199,132,172,65

	34
	4,153,197,155
	161,237,142,180

	35
	4,45,168,185
	231,174,145,100

	36
	6,200,177,43
	11,207,42,100

	37
	82,2,135
	59,204,161

	38
	91,64,198,100
	121,90,26,140

	39
	4,28,109,188
	115,188,168,52

	40
	10,84,12
	4,103,30

	41
	2,75,142,128
	53,189,215,24

	42
	163,10,162
	222,170,71

	43
	1,163,99,98
	22,127,49,125

	44
	4,6,142,3
	191,211,187,148

	45
	181,45,153
	177,114,93


Table 5.3.2-7: 
[image: image186.wmf]BG2

H

 of LDPC base graph 2

	Row index 
[image: image187.wmf]i


	Column index 
[image: image188.wmf]j



	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	0
	1
	1
	1
	1
	0
	0
	1
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0

	1
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	0
	0
	0
	0

	2
	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	1
	0
	1
	1
	0
	0
	0

	3
	0
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	0

	4
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0
	0

	5
	1
	1
	0
	0
	0
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0

	6
	1
	0
	0
	0
	0
	1
	0
	1
	0
	1
	0
	1
	0
	0
	0
	0
	1

	7
	0
	1
	0
	0
	0
	1
	0
	1
	0
	0
	0
	1
	0
	1
	0
	0
	0

	8
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	9
	0
	1
	0
	0
	0
	0
	0
	0
	1
	0
	1
	1
	0
	0
	0
	0
	0

	10
	1
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	11
	1
	0
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0

	12
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0

	13
	1
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0

	14
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0

	15
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0

	16
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	1
	0
	0
	0
	0

	17
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0

	18
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	19
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0

	20
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0

	21
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0

	22
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	23
	1
	0
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	24
	0
	1
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0

	25
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	26
	0
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0

	27
	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	28
	0
	1
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	29
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	30
	0
	0
	1
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0

	31
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	32
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	33
	0
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	34
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0

	35
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0

	36
	1
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	37
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	38
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0

	39
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0

	40
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	41
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0


Table 5.3.2-8: Parity check matrix 1 and 2 for 
[image: image189.wmf]BG2
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, corresponding to 
[image: image190.wmf]1
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	Row index 
[image: image192.wmf]i


	Shift value 
[image: image193.wmf]j

i

V

,

(
[image: image194.wmf]1
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LS
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	Shift value 
[image: image195.wmf]j

i
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(
[image: image196.wmf]2

=
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i

)

	0
	9,117,204,26,189,205,0,0
	174,97,166,66,71,172,0,0

	1
	167,166,253,125,226,156,224,252,0,0
	27,36,48,92,31,187,185,3,0,0

	2
	81,114,44,52,240,1,0,0
	25,114,117,110,114,1,0,0

	3
	8,58,158,104,209,54,18,128,0,0
	136,175,113,72,123,118,28,186,0,0

	4
	179,214,71,0
	72,74,29,0

	5
	231,41,194,159,103,0
	10,44,121,80,48,0

	6
	155,228,45,28,158,0
	129,92,100,49,184,0

	7
	129,147,140,3,116
	80,186,16,102,143

	8
	142,94,230
	118,70,152

	9
	203,205,61,247
	28,132,185,178

	10
	11,185,0,117
	59,104,22,52

	11
	11,236,210,56
	32,92,174,154

	12
	63,111,14
	39,93,11

	13
	83,2,38,222
	49,125,35,166

	14
	115,145,3,232
	19,118,21,163

	15
	51,175,213
	68,63,81

	16
	203,142,8,242
	87,177,135,64

	17
	254,124,114,64
	158,23,9,6

	18
	220,194,50
	186,6,46

	19
	87,20,185
	58,42,156

	20
	26,105,29
	76,61,153

	21
	76,42,210
	157,175,67

	22
	222,63
	20,52

	23
	23,235,238
	106,86,95

	24
	46,139,8
	182,153,64

	25
	228,156
	45,21

	26
	29,143,160,122
	67,137,55,85

	27
	8,151
	103,50

	28
	98,101,135
	70,111,168

	29
	18,28
	110,17

	30
	71,240,9,84
	120,154,52,56

	31
	106,1
	3,170

	32
	242,44,166
	84,8,17

	33
	132,164,235
	165,179,124

	34
	147,85,36
	173,177,12

	35
	57,40,63
	77,184,18

	36
	140,38,154
	25,151,170

	37
	219,151
	37,31

	38
	31,66,38
	84,151,190

	39
	239,172,34
	93,132,57

	40
	0,75,120
	103,107,163

	41
	129,229,118
	147,7,60


Table 5.3.2-9: Parity check matrix 3 and 4 for 
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, corresponding to 
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	Row index 
[image: image200.wmf]i


	Shift value 
[image: image201.wmf]j
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[image: image202.wmf]3
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LS
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)
	Shift value 
[image: image203.wmf]j

i

V
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(
[image: image204.wmf]4

=

LS

i

)

	0
	0,0,0,0,0,0,0,0
	72,110,23,181,95,8,1,0

	1
	137,124,0,0,88,0,0,55,0,0
	53,156,115,156,115,200,29,31,0,0

	2
	20,94,99,9,108,1,0,0
	152,131,46,191,91,0,0,0

	3
	38,15,102,146,12,57,53,46,0,0
	185,6,36,124,124,110,156,133,1,0

	4
	0,136,157,0
	200,16,101,0

	5
	0,131,142,141,64,0
	185,138,170,219,193,0

	6
	0,124,99,45,148,0
	123,55,31,222,209,0

	7
	0,45,148,96,78
	103,13,105,150,181

	8
	0,65,87
	147,43,152

	9
	0,97,51,85
	2,30,184,83

	10
	0,17,156,20
	174,150,8,56

	11
	0,7,4,2
	99,138,110,99

	12
	0,113,48
	46,217,109

	13
	0,112,102,26
	37,113,143,140

	14
	0,138,57,27
	36,95,40,116

	15
	0,73,99
	116,200,110

	16
	0,79,111,143
	75,158,134,97

	17
	0,24,109,18
	48,132,206,2

	18
	0,18,86
	68,16,156

	19
	0,158,154
	35,138,86

	20
	0,148,104
	6,20,141

	21
	0,17,33
	80,43,81

	22
	0,4
	49,1

	23
	0,75,158
	156,54,134

	24
	0,69,87
	153,88,63

	25
	0,65
	211,94

	26
	0,100,13,7
	90,6,221,6

	27
	0,32
	27,118

	28
	0,126,110
	216,212,193

	29
	0,154
	108,61

	30
	0,35,51,134
	106,44,185,176

	31
	0,20
	147,182

	32
	0,20,122
	108,21,110

	33
	0,88,13
	71,12,109

	34
	0,19,78
	29,201,69

	35
	0,157,6
	91,165,55

	36
	0,63,82
	1,175,83

	37
	0,144
	40,12

	38
	0,93,19
	37,97,46

	39
	0,24,138
	106,181,154

	40
	0,36,143
	98,35,36

	41
	0,2,55
	120,101,81


Table 5.3.2-10: Parity check matrix 5 and 6 for 
[image: image205.wmf]BG2
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, corresponding to 
[image: image206.wmf]5
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 and 
[image: image207.wmf]6

=
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i


	Row index 
[image: image208.wmf]i


	Shift value 
[image: image209.wmf]j

i
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(
[image: image210.wmf]5

=

LS

i

)
	Shift value 
[image: image211.wmf]j

i

V

,

(
[image: image212.wmf]6

=

LS

i

)

	0
	3,26,53,35,115,127,0,0
	156,143,14,3,40,123,0,0

	1
	19,94,104,66,84,98,69,50,0,0
	17,65,63,1,55,37,171,133,0,0

	2
	95,106,92,110,111,1,0,0
	98,168,107,82,142,1,0,0

	3
	120,121,22,4,73,49,128,79,0,0
	53,174,174,127,17,89,17,105,0,0

	4
	42,24,51,0
	86,67,83,0

	5
	40,140,84,137,71,0
	79,84,35,103,60,0

	6
	109,87,107,133,139,0
	47,154,10,155,29,0

	7
	97,135,35,108,65
	48,125,24,47,55

	8
	70,69,88
	53,31,161

	9
	97,40,24,49
	104,142,99,64

	10
	46,41,101,96
	111,25,174,23

	11
	28,30,116,64
	91,175,24,141

	12
	33,122,131
	122,11,4

	13
	76,37,62,47
	29,91,27,127

	14
	143,51,130,97
	11,145,8,166

	15
	139,96,128
	137,103,40

	16
	48,9,28,8
	78,158,17,165

	17
	120,43,65,42
	134,23,62,163

	18
	17,106,142
	173,31,22

	19
	79,28,41
	13,135,145

	20
	2,103,78
	128,52,173

	21
	91,75,81
	156,166,40

	22
	54,132
	18,163

	23
	68,115,56
	110,132,150

	24
	30,42,101
	113,108,61

	25
	128,63
	72,136

	26
	142,28,100,133
	36,38,53,145

	27
	13,10
	42,104

	28
	106,77,43
	64,24,149

	29
	133,25
	139,161

	30
	87,56,104,70
	84,173,93,29

	31
	80,139
	117,148

	32
	32,89,71
	116,73,142

	33
	135,6,2
	105,137,29

	34
	37,25,114
	11,41,162

	35
	60,137,93
	126,152,172

	36
	121,129,26
	73,154,129

	37
	97,56
	167,38

	38
	1,70,1
	112,7,19

	39
	119,32,142
	109,6,105

	40
	6,73,102
	160,156,82

	41
	48,47,19
	132,6,8


Table 5.3.2-11: Parity check matrix 7 and 8 for 
[image: image213.wmf]BG2
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, corresponding to 
[image: image214.wmf]7

=
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[image: image215.wmf]8

=
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	Row index 
[image: image216.wmf]i


	Shift value 
[image: image217.wmf]j

i

V
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(
[image: image218.wmf]7

=

LS

i

)
	Shift value 
[image: image219.wmf]j

i

V

,

(
[image: image220.wmf]8

=

LS

i

)

	0
	143,19,176,165,196,13,0,0
	145,131,71,21,23,112,1,0

	1
	18,27,3,102,185,17,14,180,0,0
	142,174,183,27,96,23,9,167,0,0

	2
	126,163,47,183,132,1,0,0
	74,31,3,53,155,0,0,0

	3
	36,48,18,111,203,3,191,160,0,0
	239,171,95,110,159,199,43,75,1,0

	4
	43,27,117,0
	29,140,180,0

	5
	136,49,36,132,62,0
	121,41,169,88,207,0

	6
	7,34,198,168,12,0
	137,72,172,124,56,0

	7
	163,78,143,107,58
	86,186,87,172,154

	8
	101,177,22
	176,169,225

	9
	186,27,205,81
	167,238,48,68

	10
	125,60,177,51
	38,217,208,232

	11
	39,29,35,8
	178,214,168,51

	12
	18,155,49
	124,122,72

	13
	32,53,95,186
	48,57,167,219

	14
	91,20,52,109
	82,232,204,162

	15
	174,108,102
	38,217,157

	16
	125,31,54,176
	170,23,175,202

	17
	57,201,142,35
	196,173,195,218

	18
	129,203,140
	128,211,210

	19
	110,124,52
	39,84,88

	20
	196,35,114
	117,227,6

	21
	10,122,23
	238,13,11

	22
	202,126
	195,44

	23
	52,170,13
	5,94,111

	24
	113,161,88
	81,19,130

	25
	197,194
	66,95

	26
	164,172,49,161
	146,66,190,86

	27
	168,193
	64,181

	28
	14,186,46
	7,144,16

	29
	50,27
	25,57

	30
	70,17,50,6
	37,139,221,17

	31
	115,189
	201,46

	32
	110,0,163
	179,14,116

	33
	163,173,179
	46,2,106

	34
	197,191,193
	184,135,141

	35
	157,167,181
	85,225,175

	36
	197,167,179
	178,112,106

	37
	181,193
	154,114

	38
	157,173,191
	42,41,105

	39
	181,157,173
	167,45,189

	40
	193,163,179
	78,67,180

	41
	191,197,167
	53,215,230
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5.4.1
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5.4.2
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6.1
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6.2
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6.2.1
Transport block CRC attachment

6.2.2
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6.2.3
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6.2.4
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6.3
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7
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7.1
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7.1.1
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7.1.2
Channel coding

7.1.3
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7.2
Downlink shared channel and Paging channel

7.2.1
Transport block CRC attachment
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Change history
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	TDoc
	CR
	Rev
	Cat
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	New version
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	Draft skeleton
	0.0.0

	2017-07
	
	
	
	
	
	Inclusion of  LDPC related agreements
	0.0.1


�The value of this parameter needs to be updated pending on further agreement


�The procedure in this section reflects the following two agreements:


Agreement: 


Working assumption from RAN1-NRAH#1 is confirmed that filler bits F are attached at the end of info block B





Agreement: 


Same value of Z for code blocks within a TB


�Segmentation can be updated upon further RAN1 agreement. Current text is to show the interaction between segmentation with LDPC encoding. 


�The CRC length and polynomial for code blocks is FFS
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