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1.4.2.5
1 Introduction
This document provides the text proposal related to uplink FEC for NB CIoT system. The detailed discussions can be found in [1].
2 Proposed Text for the TR
	First Change


7. 
Physical layer aspects and radio access protocols for clean slate concepts
[details omitted]
7.3.3
Uplink physical layer design
[details omitted]
7.3.3.1
Basic transmission design
[details omitted]
7.3.3.1.3
Transmission chain
7.3.3.1.3.1
General
[details omitted]
7.3.3.1.3.2
FEC and rate matching
LDPC coding is proposed for forward error correction in the uplink because it provides better coding gain than convolutional coding and turbo coding even for small code block sizes low code rates.
Although the decoding complexity of LDPC coding is higher than that of convolutional coding, the decoding is performed at the base station and the complexity is considered acceptable as similar as turbo decoding.
7.3.3.1.3.2.1
Code description
LDPC code is defined by a matrix H of size m-by-n, where n is the length of the code and m is the number of parity check bits in the code. The number of systematic bits is k = n – m.
The matrix H is defined as:
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where Pi,j is one of a set of z-by-z permutation matrices and sum of z-by-z permutation matrices or a z-by-z zero matrix. The matrix H is expanded from a base matrix Hb of size mb-by-nb, where n = z ∙ nb and m = z ∙ mb, with z an integer. The base matrix is expanded by replacing each 1 in the base matrix with a z-by-z permutation matrix or sum of z-by-z permutation matrix, and each 0 with a z-by-z zero matrix. The base matrix size nb is an integer equal to 384. 

The set of permutation matrices contains the z-by-z identity matrix, circular right shifted versions of the identity matrix and sum of circular right shifted versions of the identity matrices. The base model matrix Hbm is the same size as the base matrix Hb, with each binary entry (i,j) of the base matrix Hb replaced to create the model matrix Hbm. Each 0 in Hb is replaced by -1 to denote a z-by-z all-zero matrix, and each 1 in Hb is replaced by a circular shift size p(i,j), or sum of circular shift size [p0(i,j), p1(i,j)]. The base model matrix Hbm can then be directly expanded to H.
A base model matrix is defined for the largest code block size (= 2048) and lowest code rate (=1/48). The set of shifts { p(i,j) } in the base model matrix are used to determine the shift sizes for all other code block size(CBS)s in defined as section 7.3.3.1.3.8. The base model matrix has nb = 384 columns and the expansion factor z is equal to n/384 for code length n.
The shift sizes {p(z,i,j)} for a code block size corresponding to expansion factor z are derived from { p(i,j) } by using a modulo function. 
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In particular, the shift sizes in sum of circular shift size are also derived from the above modulo function, respectively. 

The base model matrix (376-by-384) is defined as: 

C denotes the column.  

	C0
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10
	C11
	C12 – C383

	[121, 196]
	43
	-1
	202
	37
	176
	215
	-1
	0
	-1
	-1
	1
	All : -1

	[155, 197]
	159
	13
	111
	-1
	38
	178
	93
	0
	0
	-1
	-1
	All : -1

	63
	[80, 42]
	16
	189
	-1
	172
	82
	32
	-1
	0
	0
	-1
	All : -1

	112
	[121, 172]
	105
	-1
	[132, 136]
	-1
	-1
	27
	-1
	-1
	0
	0
	All : -1

	61
	106
	-1
	25
	-1
	107
	-1
	-1
	-1
	-1
	-1
	-1
	C12 : 0
Others : -1

	142
	107
	-1
	117
	-1
	-1
	54
	147
	-1
	-1
	-1
	-1
	C13 : 0
Others : -1

	148
	119
	-1
	-1
	153
	-1
	97
	187
	-1
	-1
	-1
	-1
	C14 : 0
Others : -1

	11
	173
	-1
	167
	-1
	83
	-1
	170
	-1
	-1
	-1
	-1
	C15 : 0
Others : -1

	96
	-1
	118
	124
	33
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C16 : 0
Others : -1

	27
	-1
	194
	-1
	166
	-1
	152
	-1
	-1
	-1
	-1
	-1
	C17 : 0
Others : -1

	45
	204
	-1
	-1
	64
	190
	-1
	-1
	-1
	-1
	-1
	-1
	C18 : 0
Others : -1

	-1
	[187, 19]
	-1
	-1
	64
	95
	-1
	-1
	-1
	-1
	-1
	-1
	C19 : 0
Others : -1

	129
	100
	-1
	38
	-1
	19
	-1
	-1
	-1
	-1
	-1
	-1
	C20 : 0
Others : -1

	100
	-1
	16
	27
	-1
	173
	-1
	25
	-1
	-1
	-1
	-1
	C21 : 0
Others : -1

	-1
	213
	[98, 40]
	-1
	-1
	-1
	1
	-1
	-1
	-1
	-1
	-1
	C22 : 0
Others : -1

	6
	-1
	[15, 16]
	-1
	85
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C23 : 0
Others : -1

	-1
	-1
	-1
	-1
	195
	46
	148
	-1
	-1
	-1
	-1
	-1
	C24 : 0
Others : -1

	-1
	-1
	-1
	108
	-1
	138
	-1
	-1
	-1
	141
	-1
	-1
	C25 : 0
Others : -1

	-1
	-1
	-1
	133
	90
	-1
	-1
	147
	-1
	-1
	-1
	-1
	C26 : 0
Others : -1

	-1
	-1
	-1
	-1
	199
	28
	-1
	91
	-1
	-1
	-1
	-1
	C27 : 0
Others : -1

	-1
	-1
	109
	-1
	-1
	112
	155
	-1
	-1
	-1
	-1
	-1
	C28 : 0
Others : -1

	-1
	-1
	-1
	-1
	[64, 79]
	38
	-1
	-1
	-1
	-1
	-1
	-1
	C29 : 0
Others : -1

	-1
	-1
	-1
	-1
	[215, 96]
	-1
	-1
	-1
	-1
	-1
	30
	-1
	C30 : 0
Others : -1

	-1
	-1
	-1
	216
	-1
	75
	-1
	72
	-1
	-1
	-1
	-1
	C31 : 0
Others : -1

	-1
	16
	-1
	-1
	-1
	183
	-1
	-1
	70
	-1
	-1
	-1
	C32 : 0
Others : -1

	-1
	-1
	-1
	148
	-1
	64
	-1
	-1
	-1
	44
	-1
	-1
	C33 : 0
Others : -1

	-1
	196
	-1
	-1
	-1
	70
	-1
	164
	-1
	-1
	-1
	-1
	C34 : 0
Others : -1

	-1
	-1
	-1
	173
	-1
	184
	-1
	22
	-1
	-1
	-1
	-1
	C35 : 0
Others : -1

	-1
	-1
	136
	-1
	62
	-1
	-1
	-1
	-1
	-1
	203
	-1
	C36 : 0
Others : -1

	-1
	-1
	-1
	16
	-1
	71
	-1
	52
	-1
	-1
	-1
	-1
	C37 : 0
Others : -1

	-1
	47
	-1
	-1
	-1
	76
	-1
	-1
	214
	-1
	-1
	-1
	C38 : 0
Others : -1

	-1
	-1
	-1
	-1
	84
	124
	20
	-1
	-1
	-1
	-1
	-1
	C39 : 0
Others : -1

	-1
	-1
	-1
	-1
	[2, 107]
	-1
	101
	-1
	-1
	-1
	-1
	-1
	C40 : 0
Others : -1

	-1
	-1
	95
	-1
	-1
	[185, 52]
	-1
	-1
	-1
	-1
	-1
	-1
	C41 : 0
Others : -1

	-1
	-1
	82
	-1
	200
	-1
	139
	-1
	-1
	-1
	-1
	-1
	C42 : 0
Others : -1

	-1
	38
	-1
	-1
	158
	-1
	145
	-1
	-1
	-1
	-1
	-1
	C43 : 0
Others : -1

	-1
	-1
	136
	-1
	-1
	130
	215
	-1
	-1
	-1
	-1
	-1
	C44 : 0
Others : -1

	122
	-1
	-1
	-1
	18
	-1
	-1
	167
	-1
	-1
	-1
	113
	C45 : 0
Others : -1

	5
	-1
	-1
	-1
	105
	-1
	-1
	27
	-1
	-1
	-1
	-1
	C46 : 0
Others : -1

	-1
	-1
	128
	-1
	157
	-1
	123
	-1
	-1
	-1
	-1
	-1
	C47 : 0
Others : -1

	34
	-1
	-1
	-1
	117
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C48 : 0
Others : -1

	91
	-1
	33
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	4
	C49 : 0
Others : -1

	-1
	95
	34
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C50 : 0
Others : -1

	67
	-1
	-1
	-1
	-1
	185
	-1
	188
	-1
	-1
	-1
	-1
	C51 : 0
Others : -1

	206
	-1
	-1
	18
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C52 : 0
Others : -1

	57
	-1
	-1
	-1
	-1
	93
	-1
	-1
	203
	-1
	-1
	-1
	C53 : 0
Others : -1

	-1
	140
	60
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C54 : 0
Others : -1

	-1
	60
	-1
	-1
	108
	-1
	-1
	-1
	-1
	-1
	122
	-1
	C55 : 0
Others : -1

	-1
	105
	53
	-1
	-1
	-1
	54
	-1
	-1
	-1
	-1
	-1
	C56 : 0
Others : -1

	-1
	160
	-1
	-1
	-1
	36
	-1
	-1
	-1
	-1
	-1
	-1
	C57 : 0
Others : -1

	96
	-1
	-1
	-1
	-1
	3
	-1
	-1
	-1
	-1
	-1
	-1
	C58 : 0
Others : -1

	-1
	46
	-1
	-1
	-1
	-1
	192
	-1
	-1
	-1
	-1
	-1
	C59 : 0
Others : -1

	-1
	10
	-1
	-1
	-1
	-1
	57
	-1
	-1
	-1
	-1
	-1
	C60 : 0
Others : -1

	62
	-1
	-1
	-1
	46
	-1
	-1
	-1
	127
	-1
	-1
	-1
	C61 : 0
Others : -1

	-1
	143
	-1
	122
	-1
	-1
	-1
	61
	-1
	-1
	-1
	-1
	C62 : 0
Others : -1

	85
	-1
	0
	-1
	-1
	-1
	-1
	35
	-1
	-1
	-1
	-1
	C63 : 0
Others : -1

	-1
	31
	105
	-1
	-1
	-1
	-1
	-1
	-1
	91
	-1
	-1
	C64 : 0
Others : -1

	-1
	91
	-1
	126
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C65 : 0
Others : -1

	152
	-1
	-1
	143
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C66 : 0
Others : -1

	-1
	210
	49
	-1
	-1
	-1
	185
	-1
	-1
	-1
	-1
	-1
	C67 : 0
Others : -1

	171
	-1
	-1
	-1
	116
	-1
	-1
	-1
	-1
	-1
	61
	-1
	C68 : 0
Others : -1

	48
	-1
	175
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C69 : 0
Others : -1

	-1
	143
	-1
	119
	-1
	-1
	-1
	-1
	-1
	6
	-1
	-1
	C70 : 0
Others : -1

	119
	-1
	-1
	138
	-1
	-1
	-1
	99
	-1
	-1
	-1
	-1
	C71 : 0
Others : -1

	-1
	-1
	6
	117
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C72 : 0
Others : -1

	198
	-1
	-1
	152
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	180
	C73 : 0
Others : -1

	-1
	197
	-1
	-1
	163
	-1
	-1
	-1
	-1
	-1
	136
	-1
	C74 : 0
Others : -1

	-1
	-1
	101
	99
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C75 : 0
Others : -1

	-1
	152
	174
	-1
	-1
	-1
	-1
	-1
	195
	-1
	-1
	-1
	C76 : 0
Others : -1

	49
	-1
	152
	-1
	-1
	-1
	-1
	-1
	-1
	113
	-1
	-1
	C77 : 0
Others : -1

	-1
	184
	-1
	-1
	-1
	-1
	103
	-1
	-1
	-1
	-1
	-1
	C78 : 0
Others : -1

	186
	-1
	-1
	-1
	-1
	-1
	31
	72
	-1
	-1
	-1
	-1
	C79 : 0
Others : -1

	214
	-1
	-1
	95
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	151
	C80 : 0
Others : -1

	83
	-1
	-1
	-1
	-1
	190
	-1
	-1
	74
	-1
	-1
	-1
	C81 : 0
Others : -1

	-1
	15
	86
	-1
	-1
	-1
	-1
	96
	-1
	-1
	-1
	-1
	C82 : 0
Others : -1

	-1
	37
	-1
	22
	-1
	-1
	-1
	113
	-1
	-1
	-1
	-1
	C83 : 0
Others : -1

	147
	-1
	-1
	-1
	160
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C84 : 0
Others : -1

	-1
	-1
	149
	19
	-1
	-1
	-1
	141
	-1
	-1
	-1
	-1
	C85 : 0
Others : -1

	20
	-1
	-1
	-1
	-1
	92
	-1
	-1
	42
	-1
	-1
	-1
	C86 : 0
Others : -1

	-1
	211
	-1
	-1
	148
	-1
	-1
	-1
	-1
	111
	-1
	-1
	C87 : 0
Others : -1

	-1
	18
	96
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C88 : 0
Others : -1

	79
	-1
	-1
	-1
	-1
	107
	-1
	-1
	-1
	-1
	-1
	-1
	C89 : 0
Others : -1

	-1
	118
	-1
	-1
	-1
	198
	-1
	-1
	-1
	-1
	188
	-1
	C90 : 0
Others : -1

	-1
	57
	-1
	-1
	93
	-1
	181
	-1
	-1
	-1
	-1
	-1
	C91 : 0
Others : -1

	143
	-1
	-1
	191
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C92 : 0
Others : -1

	-1
	12
	10
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C93 : 0
Others : -1

	122
	-1
	127
	-1
	-1
	-1
	17
	-1
	-1
	-1
	-1
	-1
	C94 : 0
Others : -1

	-1
	-1
	35
	30
	-1
	-1
	-1
	-1
	143
	-1
	-1
	-1
	C95 : 0
Others : -1

	-1
	-1
	-1
	206
	-1
	-1
	-1
	64
	-1
	-1
	-1
	-1
	C96 : 0
Others : -1

	-1
	193
	-1
	-1
	13
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C97 : 0
Others : -1

	-1
	-1
	-1
	181
	17
	-1
	-1
	76
	-1
	-1
	-1
	-1
	C98 : 0
Others : -1

	-1
	-1
	-1
	196
	-1
	14
	-1
	-1
	-1
	-1
	-1
	-1
	C99 : 0
Others : -1

	-1
	-1
	139
	-1
	192
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C100 : 0
C60 : 159
Others : -1

	-1
	-1
	-1
	47
	-1
	-1
	-1
	[141, 163]
	-1
	-1
	-1
	-1
	C101 : 0
Others : -1

	-1
	-1
	60
	-1
	-1
	-1
	18
	-1
	-1
	-1
	-1
	-1
	C102 : 0
Others : -1

	152
	-1
	-1
	-1
	-1
	-1
	-1
	165
	-1
	-1
	-1
	-1
	C103 : 0
Others : -1

	-1
	-1
	161
	-1
	-1
	75
	-1
	-1
	-1
	-1
	-1
	-1
	C104 : 0
Others : -1

	-1
	-1
	-1
	169
	163
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C105 : 0
Others : -1

	-1
	-1
	58
	-1
	-1
	120
	-1
	-1
	18
	-1
	-1
	-1
	C106 : 0
Others : -1

	-1
	-1
	-1
	46
	-1
	116
	-1
	-1
	-1
	-1
	-1
	-1
	C107 : 0
Others : -1

	-1
	-1
	205
	-1
	-1
	-1
	9
	-1
	-1
	-1
	-1
	-1
	C108 : 0
C95 : 38
Others : -1

	-1
	-1
	29
	-1
	111
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C109 : 0
Others : -1

	44
	-1
	-1
	-1
	-1
	-1
	-1
	142
	-1
	-1
	-1
	-1
	C110 : 0
C92 : 175
Others : -1

	-1
	-1
	-1
	121
	-1
	34
	-1
	-1
	-1
	-1
	-1
	-1
	C111 : 0
Others : -1

	-1
	-1
	13
	-1
	-1
	149
	-1
	-1
	-1
	-1
	-1
	-1
	C112 : 0
C83 : 186
Others : -1

	-1
	-1
	0
	-1
	-1
	-1
	20
	-1
	-1
	-1
	-1
	-1
	C113 : 0
Others : -1

	-1
	-1
	50
	-1
	-1
	-1
	29
	-1
	-1
	-1
	-1
	-1
	C114 : 0
C64 : 213
Others : -1

	-1
	-1
	213
	-1
	146
	-1
	-1
	187
	-1
	-1
	-1
	-1
	C115 : 0
Others : -1

	-1
	-1
	-1
	219
	-1
	159
	-1
	-1
	-1
	-1
	-1
	-1
	C116 : 0
C73 : 83
Others : -1

	-1
	-1
	90
	-1
	-1
	3
	-1
	-1
	-1
	-1
	-1
	-1
	C117 : 0
C82 : 77
Others : -1

	-1
	192
	-1
	-1
	77
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C118 : 0
Others : -1

	71
	-1
	-1
	-1
	67
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C119 : 0
Others : -1

	-1
	-1
	134
	-1
	75
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C120 : 0
C68 : 157
Others : -1

	-1
	-1
	124
	-1
	-1
	203
	-1
	99
	-1
	-1
	-1
	-1
	C121 : 0
Others : -1

	-1
	33
	-1
	-1
	-1
	-1
	-1
	89
	-1
	-1
	-1
	-1
	C122 : 0
Others : -1

	-1
	213
	-1
	160
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	C123 : 0
C93 : 76
Others : -1

	-1
	153
	-1
	-1
	-1
	-1
	-1
	17
	-1
	-1
	-1
	-1
	C124 : 0
C84 : 116
Others : -1

	113
	-1
	-1
	-1
	-1
	116
	-1
	-1
	-1
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7.3.3.1.3.2.2
Rate matching for LDPC coded transport channels 
The rate matching for LDPC coded transport channels is defined as generation of a circular buffer similar to turbo codes. The encoded bits are directly mapping to the circular buffer of size as u∙48, where u denotes the size of systematic bits. The output bits of rate matching are in front part of the circular buffer with the size of (u∙modulation order/code rate). 
7.3.3.1.3.2.3
Channel Interleaving 

The output bits of rate matching shall be interleaved by a block interleaver with a block size corresponding to the output bits. 

Let k be the index of the output bits of rate matching and mk be the index of the output bits of rate matching after interleaving.
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where s = mod(k, 8) , t = floor(k/8), nr denotes the size of output bits of rate matching
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