3GPP TSG RAN WG1 Meeting #90
R1-1713740
Prague, Czech Republic, 21-25 August 2017
Agenda Item:
6.1.4.1.6
Source:
Huawei, HiSilicon
Title:
Performance evaluation of LDPC codes for NR eMBB data
Document for:
Discussion and decision 
1 Introduction

The design of LDPC coding for eMBB data was agreed in RAN1-AH2 [1] meeting in June. Two base graphs and associated parity-check matrices were agreed. In this contribution we present a brief summary of the LDPC design and the performance evaluation of the two base graphs for different modulation schemes. 
2 LDPC  
The LDPC design uses Quasi-Cyclic (QC) LDPC codes with QC parity-check matrices, where each circulant is either a circulant permutation matrix (CPM) or the zero matrix. Usually a quasi-cyclic [image: image2.png]z
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 is represented in the following form:

[image: image12.png]efiny
efemy

ePmpny.



,

where [image: image14.png]


  is the [image: image16.png]ZxZ



  CPM corresponding to the right cyclic shift by [image: image18.png]


 positions if [image: image20.png]0<P;<Z



 and the [image: image22.png]ZxZ



 zero matrix if [image: image24.png]


; the integers [image: image26.png]


 are the exponents in the range [image: image28.png][-1,z-1]
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  is the exponent matrix of [image: image34.png]


. In what follows the QC LDPC codes and their PCMs are defined by the corresponding exponent matrices.
The general structure of the exponent matrices is shown in Figure 1, where the green part corresponds to the highest code rate and is called the core matrix or kernel, and the lower white part is called the extension part. The core matrices have a dual-diagonal structure in the parity part. 
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Figure 1. Structure of the base graph.

In order to obtain codes with different number of information bits [image: image37.png]


 and parity bits [image: image39.png]


 we use the length and rate adaption scheme described in the next sections. This is achieved by using puncturing both information and parity bits, and also shortening by zero padding in the information parts of the codeword. For both base graphs for all rates we puncture symbols that correspond to the first two circulant column blocks of the PCMs as it is shown in Figure 1. These two punctured circulant columns have relatively high column weight among all the circulant columns and are called High-Weight (HW) columns. 
It was agreed to design two base graphs [2]. Base graph 1 is designed to optimize BLER performance for block lengths from 512 to 8448 bits and code rates from 1/3 to 8/9 [1]. Base graph 2 is designed to optimize BLER performance for smaller block lengths, from 40 to 2560 bits and code rates from 1/5 to  2/3 [1].
Base graph 1 [3][4] is illustrated in Figure 2. Base graph 1 has 46 rows and 68 columns, and comprises three parts: 

1) [row-1 to row-5]: Kernel; 

2) [row-6 to row-25]: after excluding the first two high-weight columns, two adjacent rows are orthogonal (row i and row (i+1) are orthogonal, row (i+1) and row (i+2) are orthogonal, and so on); 
3) [row-26 to row-46]: two adjacent rows are orthogonal.
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Figure 2. Base graph 1.
Base graph 2 [5][6] is illustrated in Figure 3. Base graph 2 has 42 rows and 52 columns, and comprises three parts:

1) [row-1 to row-7]: Kernel; 

2) [row-8 to row-20]: excluding the first two high-weight columns, a group of two rows are orthogonal (the two rows are not necessarily adjacent); 

3) [row-21 to row-42]: two adjacent rows are orthogonal.
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Figure 3. Base graph 2.

Shortening, puncturing and lifting method are used for QC LDPC code to implement length and rate adaptation.  Suppose we have an exponent matrix [image: image43.png](%)
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. Below we describe how we obtain the 
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For both base graphs, it is used the lifting method described below to obtain several lifted versions of the exponent matrix [image: image53.png](P)),
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 with the circulant size [image: image55.png]


. For base graph 1, 
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. The lifting method consists of 3 steps:
1) For a given
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, the lift size 
 is selected as the minimum value of   in all sets of lifting sizes in Table 1, such that 
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2) After lift size[image: image67.wmf]c
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 is defined, a parity check matrix [image: image69.wmf]K

 is assigned to the given information size
. There are 8 different labelled versions of the base graph corresponding to different values of the parameter   . 
3) Shift values of the PCM for the given K are defined from the base PCM using modular lifting function: [image: image73.png]
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The PCMs for both base graphs are summarized in [7].
Table 1. Sets of LDPC lifting size 
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i

) 
	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}


3 Evaluation

3.1 Simulation assumptions
Table 2 lists the parameter values used in the simulations of the two base graphs. 
Table 2. Simulation setup
	Parameter 
	Value

	BG#1: code rate
            information block length
            resolution
	1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9

40 to 8448 bits
[40:8:512, 528:16:1024,  1056:32:2048, 2112:64:6144,  6272:128:8448]

	BG#2: code rate

            information block length
            resolution
	1/5, 1/3, 2/5, 1/2, 2/3
40 to 3840 bits

[40:8:512, 528:16:1024, 1056:32:2048, 2112:64:3840]

	Channel
	AWGN

	Modulation
	QPSK, 64QAM, 256QAM

	Decoding algorithm
	Flooding BP (max_iter = 50)


3.2 Base graph 1
This Section shows BLER results of base graph 1 for different modulations, code rates and information block lengths.  
3.2.1 QPSK
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Figure 4. BG#1, QPSK






Figure 5. BG#1, QPSK
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Figure 6. BG#1, QPSK






Figure 7. BG#1, QPSK
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Figure 8. BG#1, QPSK






Figure 9. BG#1, QPSK
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Figure 10. BG#1, QPSK






Figure 11. BG#1, QPSK
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Figure 12. BG#1, QPSK






Figure 13. BG#1, QPSK


3.2.2 64QAM
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Figure 14. BG#1, 64QAM





Figure 15. BG#1, 64QAM
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Figure 16. BG#1, 64QAM





Figure 17. BG#1, 64QAM
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Figure 18. BG#1, 64QAM





Figure 19. BG#1, 64QAM
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Figure 20. BG#1, 64QAM






Figure 21. BG#1, 64QAM
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Figure 22. BG#1, 64QAM







Figure 23. BG#1, 64QAM
3.2.3 256QAM
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Figure 24. BG#1, 256QAM





Figure 25. BG#1, 256QAM
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Figure 26. BG#1, 256QAM





Figure 27. BG#1, 256QAM
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Figure 28. BG#1, 256QAM





Figure 29. BG#1, 256QAM
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Figure 30. BG#1, 256QAM





Figure 31. BG#1, 256QAM
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Figure 32. BG#1, 256QAM





Figure 33. BG#1, 256QAM

Base graph 2
This Section shows BLER results of base graph 2 for different modulations, code rates and information block lengths.  
3.2.4 QPSK
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Figure 34. BG#2, QPSK






Figure 35. BG#2, QPSK
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Figure 36. BG#1, QPSK






Figure 37. BG#1, QPSK
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Figure 38. BG#2, QPSK






Figure 39. BG#2, QPSK
3.2.5 64QAM
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Figure 40. BG#2, 64QAM





Figure 41. BG#2, 64QAM
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Figure 42. BG#2, 64QAM





Figure 43. BG#2, 64QAM

[image: image120.png]BLER

10°

107"

102

107

10

10°

848 <= K <= 2560
T T

—*— Rate=1/3
—*— Rate=2/5
—— Rate=1/2

—*— Rate=1/5

—— Rate=2/3

8

Es/No (dB)

10

12

14

16



[image: image121.png]BLER

10°

107

10

2624 <= K <= 3840
T T

—*— Rate=1/5

—*— Rate=1/3
—*— Rate=2/5
—— Rate=1/2

—*— Rate=2/3

8

Es/No (dB)

10

12

16




Figure 44. BG#2, 64QAM





Figure 45. BG#2, 64QAM

3.2.6 256QAM
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Figure 46. BG#2, 256QAM





Figure 47. BG#2, 256QAM
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Figure 48. BG#2, 256QAM





Figure 49. BG#2, 256QAM
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Figure 50. BG#2, 256QAM





Figure 51. BG#2, 256QAM
4 Conclusions
This contribution is a collection of BLER results of base graphs 1 and 2 for different modulation schemes, code rates and information block lengths. It can be observed that for base graph 1 there is no error floor at least for BLERs as low as 1e-4. For base graph 2, it is shown that an error floor exists at BLERs of 1e-5 with QPSK in AWGN channel (Figures 34 to 39). It is expected that an error floor at such BLER levels exists also when using higher order modulation.
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