Page 1
3GPP TSG-RAN WG1 #86	R1-167532
Gothenburg, Sweden, 22nd– 26th August 2016
[bookmark: Source]Agenda item:	8.1.4.1
Source: 	MediaTek Inc. 
Title: 	Discussion on LDPC coding scheme of code structure, granularity and HARQ-IR
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
In RAN1 85 meeting, Way Forward on LDPC Coding Schemes for NR [1] has been agreed. Quasi-cyclic like LDPC code is defined as: 
The parity check matrix of quasi-cyclic like LDPC code is defined by a matrix H of size (mb×z)×(nb×z), which consists of sub-block matrices of size z×z,  where each sub-block matrix is composed by circularly shifted matrices or zero matrices. Wherein, mb, nb and z are integers larger than 1.
In this contribution, we provide a LDPC code to support flexible code rate, flexible information block size and HARQ-IR.
Quasi-cyclic LDPC Code Design
[bookmark: _Ref378529477]A protomatrix serves as a blueprint for constructing protograph LDPC codes with different block sizes. The performance of a protograph LDPC code can be predicted by analyzing the SNR threshold using density evolution or EXIT charts. One protomatrix for LDPC codes is illustrated in Figure 1, where the (i,j)-th element of the protomatrix represents the number of edges between the i-th check node and the j-th variable node. To convert the protomatrix to the parity check matrix of QC-LDPC code, each element in the protomatrix is replaced by a circular matrix with dimension ZxZ, where Z is called lifting factor and can be adjusted according to the specified block size. 








For the high rate code, such as CR = 16/17, it is hard to find a single-edge protograph with good SNR threshold. Therefore, we propose to use a multi-edge protograph LDPC code for the high rate code. Let  be the protomatrix. In the lifting process of a multi-edge protograph LDPC code, the parity-check matrix is constructed as follows. Every positive element in the protomatrix, say ,  is replaced by a circular matrix which is the summation of  circular shifted identity matrices. The circular shifted identity matrices are specified by another matrix called the shift-coefficient matrix whose dimension is the same as the protomatrix as shown in Figure 2. The (i,j)-th element of the shift-coefficient matrix contains nonnegative values if and contains -1 if . A non-negative value, say ,  in the shift-coefficient matrix represents an identity matrix cyclically shift to the right bytimes, and the number -1 represents the all-zero matrix. Besides, we also propose to puncture on part of information bits to enhance the performance. Based on the EXIT analysis, this would further improve the SNR threshold by 0.1dB to 0.2dB.
For lower rate codes, we propose to use the raptor-like structure for the parity bit generation to reduce the complexity of the encoder and decoder. In addition, a raptor-like LDPC code results in a good SNR threshold.
The proposed punctured multi-edge and raptor-like LDPC protomatrix can be represented by

,



where  is a punctured multi-edge protomatrix with highest code rate of  , and  is a matrix with elements being either 1 or 0. Based on our SNR threshold analysis and BLER simulation results, one punctured column can already produce excellent performance. The proposed protomatrix is of size 33x49 with N = 2, Npunc=1, M1 = 18 and M2 = 31 as given in Figure 1. In order to support the LTE granularity with smooth performance among different information block sizes, we propose to use 38 different lifting factors of Z from 3 to 384 which will be introduced Chapter 4.
Proposal 1: Multi-edge should be considered in NR channel coding to tradeoff performance and complexity.
Proposal 2: Puncture on information bits should be considered in NR channel coding to tradeoff performance and complexity.


[bookmark: _Ref458437571][bookmark: _Ref458437968]Figure 1: Proposed protomatrix
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[bookmark: _Ref458526220][bookmark: _Ref458526216]Figure 2: Proposed Shift Coefficient Matrix of Z=384

[bookmark: _Ref458442516]Flexible Code Rate design with HARQ-IR capability
With the protomatrix given in Figure 1, we can already support code rates from 0.33 to 0.94 in the resolution as shown in  Table 1. Since the number of resource elements for transmission is very flexible in the LTE, puncturing on a few parity bits is still required in the rate matching process. However, the number of punctured bits is smaller than the lifting factor of Z which should not result in performance jitter among different CRs as in Figure 3.
[bookmark: _Ref458440274]Table 1: Code Rate resolution of proposed protomatrix
	K
	16

	N
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32

	CR
	0.94
	0.89
	0.84
	0.80
	0.76
	0.73
	0.70
	0.67
	0.64
	0.62
	0.59
	0.57
	0.55
	0.53
	0.52
	0.50

	N
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48

	CR
	0.48
	0.47
	0.46
	0.44
	0.43
	0.42
	0.41
	0.40
	0.39
	0.38
	0.37
	0.36
	0.36
	0.35
	0.34
	0.33
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[bookmark: _Ref458700560][bookmark: _Ref458700555]Figure 3: Performance among different Code Rate
To support further lower CRs and flexible information block sizes, we proposed to perform zero-padding on the information bits. With carefully protomatrix design, for the low rate codes, we could still exploit further coding gain of 0.5 dB as in Figure 4 without much cost increment using zero-padding. The supported combinations of further lower CRs and information block sizes are shown in Table 2. In addition, the power consumption of the decoder can also be reduced, because the variable nodes corresponding to zero-padded information bits can be removed in the LDPC decoder. In Figure 2, a code of CR=14/48 can be constructed which is obtained by padding two zero message blocks from a code of CR=16/48. Note that in our design, the zero-padding blocks are placed starting from the left most position of the information block.


[bookmark: _Ref458720729]Figure 4: Coding gain for further low CR from 1/3 to 1/5
[bookmark: _Ref458439652][bookmark: _Ref458439647]Table 2: Further supported combination of CR and information block size by zero-padding
	zero
padded 
	K
	N
	CR
	largest 
info block size

	0
	16
	48
	0.33
	6144

	1
	15
	47
	0.32
	5760

	2
	14
	46
	0.30
	5376

	3
	13
	45
	0.29
	4992

	4
	12
	44
	0.27
	4608

	5
	11
	43
	0.26
	4224

	6
	10
	42
	0.24
	3840

	7
	9
	41
	0.22
	3456

	8
	8
	40
	0.20
	3072



[bookmark: _Ref458443025]Figure 5: Illustration of zero padding to generate low rate codes

Since different CRs share the same protomatrix and raptor-like structure is used for further parity-bit generation, the incremental redundancy retransmission is trivial. Taking Figure 3 as an example, CR=16/17 is used in the first transmission. If the first transmission is not successfully decoded by the receiver, new parity bits (15 x Z bits in this example) are further generated and transmitted as the second transmission. The effective CR will be decreased to 1/2 after the second transmission. If the soft buffer size is large enough, the code rates for HARQ-IR can range from 16/17 to CR 1/3.
Observation 1: Puncture on parity bits is required to meet NR channel coding requirement.
Observation 2: One protomatrix can already provide good performance which is good for control overhead and IR capability.
Proposal 3: Zero padding on information bits should be considered in NR channel coding to further exploit coding gain without complexity incremental.
Proposal 4: A region of several CRs should share the same protomatrix to make IR retransmission possible. Raptor-like structure should be considered because of easy encoding and good performance. 


[bookmark: _Ref458441646][bookmark: _Ref458441642]Figure 6: Example of HARQ-IR
[bookmark: _Ref458449074]Flexible information block sizes
In LTE, 188 different information block sizes are supported for turbo coding. For QC-LDPC, adjusting lifting factor Z is a straightforward method to support different information block sizes. But too many different lifting factors make the code descriptions, shift-coefficient designs, and decoder implementations more difficult. Therefore, a reasonable number of different lifting factors should be considered. In our proposal, 38 lifting factors are suggested to support LTE granularity. However, with 38 lifting factors, only limited information block sizes are supported. In order to have a flexible design, zero-padding method which is already introduced in Chapter 3 is used again. Taking the LTE granularity as an example, Table 3 gives the lifting factors, number of padded bits for each of the information block size. To summarize, we will need 38 different lifting factors with zero-padding scheme to support LTE granularity. With carefully optimization, the performance can be smooth among different information block sizes.
Proposal 5: Zero padding on information bits should be considered in NR channel coding to support flexible information block sizes without too much number of lifting factors.

Conclusion
A LDPC code design is proposed which is capable for flexible CR, flexible information block size and HARQ-IR in the granularity better than LTE. The performance can be found in [2] and area/ power analysis can be found in [3].
The following summarizes the proposals in this contribution.
Proposal 1: Multi-edge should be considered in NR channel coding to tradeoff performance and complexity.
Proposal 2: Puncture on information bits should be considered in NR channel coding to tradeoff performance and complexity.
Observation 1: Puncture on parity bits is required to meet NR channel coding requirement.
Observation 2: One protomatrix can already provide good performance which is good for control overhead and IR capability.
Proposal 3: Zero padding on information bits should be considered in NR channel coding to further exploit coding gain without complexity incremental.
Proposal 4: A region of several CRs should share the same protomatrix to make IR retransmission possible. Raptor-like structure should be considered because of easy encoding and good performance. 
Proposal 5: Zero padding on information bits should be considered in NR channel coding to support flexible information block sizes without too much number of lifting factors.
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	K
	Z
	# padded 
bits
	# padded 
blocks
	
	K
	Z
	# padded 
bits
	# padded 
blocks

	40
	3
	8
	2.67 
	
	1120
	76
	96
	1.26 

	48
	3
	0
	0.00 
	
	1152
	76
	64
	0.84 

	56
	4
	8
	2.00 
	
	1184
	76
	32
	0.42 

	64
	4
	0
	0.00 
	
	1216
	76
	0
	0.00 

	72
	5
	8
	1.60 
	
	1248
	78
	0
	0.00 

	80
	5
	0
	0.00 
	
	1280
	88
	128
	1.45 

	88
	6
	8
	1.33 
	
	1312
	88
	96
	1.09 

	96
	6
	0
	0.00 
	
	1344
	88
	64
	0.73 

	104
	7
	8
	1.14 
	
	1376
	88
	32
	0.36 

	112
	7
	0
	0.00 
	
	1408
	88
	0
	0.00 

	120
	8
	8
	1.00 
	
	1440
	102
	192
	1.88 

	128
	8
	0
	0.00 
	
	1472
	102
	160
	1.57 

	136
	9
	8
	0.89 
	
	1504
	102
	128
	1.25 

	144
	9
	0
	0.00 
	
	1536
	102
	96
	0.94 

	152
	10
	8
	0.80 
	
	1568
	102
	64
	0.63 

	160
	10
	0
	0.00 
	
	1600
	102
	32
	0.31 

	168
	12
	24
	2.00 
	
	1632
	102
	0
	0.00 

	176
	12
	16
	1.33 
	
	1664
	118
	224
	1.90 

	184
	12
	8
	0.67 
	
	1696
	118
	192
	1.63 

	192
	12
	0
	0.00 
	
	1728
	118
	160
	1.36 

	200
	14
	24
	1.71 
	
	1760
	118
	128
	1.08 

	208
	14
	16
	1.14 
	
	1792
	118
	96
	0.81 

	216
	14
	8
	0.57 
	
	1824
	118
	64
	0.54 

	224
	14
	0
	0.00 
	
	1856
	118
	32
	0.27 

	232
	16
	24
	1.50 
	
	1888
	118
	0
	0.00 

	240
	16
	16
	1.00 
	
	1920
	136
	256
	1.88 

	248
	16
	8
	0.50 
	
	1952
	136
	224
	1.65 

	256
	16
	0
	0.00 
	
	1984
	136
	192
	1.41 

	264
	18
	24
	1.33 
	
	2016
	136
	160
	1.18 

	272
	18
	16
	0.89 
	
	2048
	136
	128
	0.94 

	280
	18
	8
	0.44 
	
	2112
	136
	64
	0.47 

	288
	18
	0
	0.00 
	
	2176
	136
	0
	0.00 

	296
	21
	40
	1.90 
	
	2240
	160
	320
	2.00 

	304
	21
	32
	1.52 
	
	2304
	160
	256
	1.60 

	312
	21
	24
	1.14 
	
	2368
	160
	192
	1.20 

	320
	21
	16
	0.76 
	
	2432
	160
	128
	0.80 

	328
	21
	8
	0.38 
	
	2496
	160
	64
	0.40 

	336
	21
	0
	0.00 
	
	2560
	160
	0
	0.00 

	344
	24
	40
	1.67 
	
	2624
	184
	320
	1.74 

	352
	24
	32
	1.33 
	
	2688
	184
	256
	1.39 

	360
	24
	24
	1.00 
	
	2752
	184
	192
	1.04 

	368
	24
	16
	0.67 
	
	2816
	184
	128
	0.70 

	376
	24
	8
	0.33 
	
	2880
	184
	64
	0.35 

	384
	24
	0
	0.00 
	
	2944
	184
	0
	0.00 

	392
	28
	56
	2.00 
	
	3008
	212
	384
	1.81 

	400
	28
	48
	1.71 
	
	3072
	212
	320
	1.51 

	408
	28
	40
	1.43 
	
	3136
	212
	256
	1.21 

	416
	28
	32
	1.14 
	
	3200
	212
	192
	0.91 

	424
	28
	24
	0.86 
	
	3264
	212
	128
	0.60 

	432
	28
	16
	0.57 
	
	3328
	212
	64
	0.30 

	440
	28
	8
	0.29 
	
	3392
	212
	0
	0.00 

	448
	28
	0
	0.00 
	
	3456
	244
	448
	1.84 

	456
	32
	56
	1.75 
	
	3520
	244
	384
	1.57 

	464
	32
	48
	1.50 
	
	3584
	244
	320
	1.31 

	472
	32
	40
	1.25 
	
	3648
	244
	256
	1.05 

	480
	32
	32
	1.00 
	
	3712
	244
	192
	0.79 

	488
	32
	24
	0.75 
	
	3776
	244
	128
	0.52 

	496
	32
	16
	0.50 
	
	3840
	244
	64
	0.26 

	504
	32
	8
	0.25 
	
	3904
	244
	0
	0.00 

	512
	32
	0
	0.00 
	
	3968
	280
	512
	1.83 

	528
	37
	64
	1.73 
	
	4032
	280
	448
	1.60 

	544
	37
	48
	1.30 
	
	4096
	280
	384
	1.37 

	560
	37
	32
	0.86 
	
	4160
	280
	320
	1.14 

	576
	37
	16
	0.43 
	
	4224
	280
	256
	0.91 

	592
	37
	0
	0.00 
	
	4288
	280
	192
	0.69 

	608
	38
	0
	0.00 
	
	4352
	280
	128
	0.46 

	624
	39
	0
	0.00 
	
	4416
	280
	64
	0.23 

	640
	43
	48
	1.12 
	
	4480
	280
	0
	0.00 

	656
	43
	32
	0.74 
	
	4544
	324
	640
	1.98 

	672
	43
	16
	0.37 
	
	4608
	324
	576
	1.78 

	688
	43
	0
	0.00 
	
	4672
	324
	512
	1.58 

	704
	50
	96
	1.92 
	
	4736
	324
	448
	1.38 

	720
	50
	80
	1.60 
	
	4800
	324
	384
	1.19 

	736
	50
	64
	1.28 
	
	4864
	324
	320
	0.99 

	752
	50
	48
	0.96 
	
	4928
	324
	256
	0.79 

	768
	50
	32
	0.64 
	
	4992
	324
	192
	0.59 

	784
	50
	16
	0.32 
	
	5056
	324
	128
	0.40 

	800
	50
	0
	0.00 
	
	5120
	324
	64
	0.20 

	816
	58
	112
	1.93 
	
	5184
	324
	0
	0.00 

	832
	58
	96
	1.66 
	
	5248
	372
	704
	1.89 

	848
	58
	80
	1.38 
	
	5312
	372
	640
	1.72 

	864
	58
	64
	1.10 
	
	5376
	372
	576
	1.55 

	880
	58
	48
	0.83 
	
	5440
	372
	512
	1.38 

	896
	58
	32
	0.55 
	
	5504
	372
	448
	1.20 

	912
	58
	16
	0.28 
	
	5568
	372
	384
	1.03 

	928
	58
	0
	0.00 
	
	5632
	372
	320
	0.86 

	944
	66
	112
	1.70 
	
	5696
	372
	256
	0.69 

	960
	66
	96
	1.45 
	
	5760
	372
	192
	0.52 

	976
	66
	80
	1.21 
	
	5824
	372
	128
	0.34 

	992
	66
	64
	0.97 
	
	5888
	372
	64
	0.17 

	1008
	66
	48
	0.73 
	
	5952
	372
	0
	0.00 

	1024
	66
	32
	0.48 
	
	6016
	380
	64
	0.17 

	1056
	66
	0
	0.00 
	
	6080
	380
	0
	0.00 

	1088
	76
	128
	1.68 
	
	6144
	384
	0
	0.00 





7/10
image1.wmf
P


oleObject1.bin

image2.wmf
,

0

ij

P

>


oleObject2.bin

image3.wmf
,

ij

P


oleObject3.bin

image4.wmf
,

ij

P


oleObject4.bin

image5.wmf
,

0

ij

P

>


oleObject5.bin

image6.wmf
,

0

ij

P

=


oleObject6.bin

image7.wmf
x


oleObject7.bin

oleObject8.bin

image8.wmf
(

)

(

)

12

212

2122

NMNM

NMMM

MMMM

´´

+´+

´´

éù

=

êú

êú

ëû

A0

BI

P


oleObject9.bin

image9.wmf
1

M

N

´

A


oleObject10.bin

image10.wmf
punc

N

M

N

M

-

-

1

1


oleObject11.bin

image11.wmf
1

2

M

M

´

B


oleObject12.bin

image12.emf
CR=16/17=0.94

CR=16/18=0.89

CR=16/19=0.84

CR=16/21=0.76

CR=16/24=0.67

CR=16/32=0.5

CR=16/40=0.4

CR=16/32=0.33

CR=8/40=0.2 (zero-padding on first 8 sub blocks of information bits)

Punctured 

Column


oleObject13.bin
CR=16/17=0.94


CR=16/18=0.89


CR=16/19=0.84


CR=16/21=0.76


CR=16/24=0.67


CR=16/32=0.5


CR=16/40=0.4


CR=16/32=0.33


CR=8/40=0.2 (zero- padding on first 8 sub blocks of information bits)


Punctured Column



image13.png
| 94 |259,200] -1 [s69,101] 164 [21826] -1 | 309 | 338 [enosa] 120 [ 233 | 1 Juasoss] 1 [21026] 256 [ o |

5
8
g
~
g
3
2
g
~
m

4 -1285 276 -1

48 231

78
-1 122 211 288

-1 188
-1 265

-1378 -1 257 309
-1183 -1

-1277
-1 242

-1
-1
-1
-1

-1284 75
-1 256

-1317 -1 46

25 359
-1 143

-1

-1
-1
-1
-1

1
-1 257

-1

19

-1

-1 133

-1

1

-1 378

-1

s

-1 244 122 99

o

-1 358

-1
-1
-1
-1
-1

-1 145 313

-1
-1
-1
-1

99 334
19

-1 258
-1
-1
-1
-1

-1 185 108
-1372

-1
-1

-1

-1 377
-1 258
-1 361

26

-1
1

so 224

-1

-1
34
-1
-1
-1

-1

“1o-1 -1 -1 -1 -1

-1
-1

-1 332

-1 280 148

-1

-1

-1 110
-1
-1
-1

-1
-1

-1
-1

7 181

-1 194

-1 189

24

-1

-1 117 127
-1 368

-1 327 382

47
-1 221

-1

-1

-1 214

-1
-1

81

-1

-1

-1 171

-1

-1 257 279 193

76

-1
-1
1
-1 264
-1

-1106 -1

-1
-1

68

-1311
-1
-1

-1

-1 143 299

-1

-1 155 341
-1 222

-1350 -1 55 -1294 -1
-1

-1

-1
-1

64 40
-1 234

-1
-1

-1 -1
-1 -1
-1

-1
-1

-1 216
-1 201

-1

-1 -1

-1 103

-1
-1

-1 210

-1171 -1 39

-1 258 232 333 238

-1
-1
-1

-1 370

-1 -1
-1

-1
-1 132

-1
-1
-1 182

1211 -1

s
aa
89
50

37 -1 -1
-1

22
-1 148

-1

-1 276
-1 177

-1

-1
-1
-1
-1
29
-1
-1

-1231 143 -1

-1

-1 338

-1

-1182 -1

-1

-1

-1
37
-1

-1
-1
-1

-1

-1 171

-1

-1 116 364 203

33 -1160 -1 -1

-1 292

-1

-1

-1

-1 169

-1

43

1

-1 -1 e
-1

-1 371

-1

-1 140

-1
-1

1
-1

Y

-1

-1
23

-1 264 204 124

1
-1
-1

-1 362

1.1 -1

1

110 -1 -1 -1 -1
-1o-1

1
-1 351 247

1

-1180 -1

1

11
-1 272

-1
-1

1

-1 124

-1

-1 97 238 -1
79

-1
-1
-1

-1

-1
-1
-1

-1 264

-1 270

-1
-1

-1 146 40
-1

-1
-1 158

-1

-1 254

-1 188




image14.png
=0.1

Required SNR@BLER

info size = 1000 bits

04

0s

[

Code rate

07

08

03





image15.png
BLER

LDPC info 1000

T T

SNR (dB)





image16.emf
0 50 100 150 200 250 300 350 400

0

50

100

150

200

250


image17.emf
CR=16/32=0.5

Punctured 

Column

CR=16/17=0.94

Raptor-Like 

Structure

 

First Transmission Second Transmission


oleObject14.bin
CR=16/17=0.94


CR=16/32=0.5


Punctured Column


Raptor-Like Structure


First Transmission


Second Transmission



