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1 Introduction
In RAN #71[1], the study item description on "Next Generation New Radio Access Technology" has been approved. Polar codes, Turbo codes and LDPC codes were proposed as the candidates for the NR eMBB scenario.
[bookmark: OLE_LINK4][bookmark: OLE_LINK10]In RAN1#84b [2], the following simulation assumptions are agreed for the eMBB scenario: 
	Channel*
	AWGN

	Modulation
	QPSK, 64 QAM

	Coding Scheme
	  Turbo
	B-LDPC
	Polar

	Code rate 
	1/5, 1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9

	Decoding algorithm**
	Max-log-MAP
	min-sum
	List-X

	Info. block length*** (bits w/o CRC)
	100, 400, 1000, 2000, 4000, 6000, 8000 
Optional(12K, 16K, 32K, 64K)

	
	
	
	
	



In RAN1#85 [3], an agreement about LDPC codes has been reached:
· For the purpose of study and comparisons, quasi-cyclic like LDPC codes  are defined as follows: 
· The Parity check matrix of Quasi-cyclic like LDPC Codes is defined at least 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.
· The values of mb, nb and z  are FFS. 
· Companies providing evaluations or proposals for LDPC codes are encouraged to show how:
· Multiple code rates and multiple code sizes would be supported, 
· Suitable granularity of  information block size and code rate would be supported,
· How to support HARQ with/without IR.
 
In this contribution, we first show the performance evaluations of LDPC codes. Then, several points about LDPC codes are discussed.
2 Performance evaluations
The evaluations are mainly performed based on the agreed simulation assumptions in [2]. Following notations are used for convenience:
k：Information length (bits)；
r：code rate；


2.1 k=400
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Simulation Parameters for Figure 1 and Figure 2:
	Code Type
	k
	r
	Decoder
	Max Ite
	Channel
	Modulation

	LDPC 
	400
	1/3, 2/5, 1/2, 4/7, 2/3, 3/4, 4/5, 5/6, 8/9
	BP/Flooding
	30
	AWGN
	QPSK/64QAM

	Turbo
	400
	1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9
	scaled max-log-map
	8
	AWGN
	QPSK/64QAM


[image: ]
Figure 1, k=400, AWGN, QPSK
[image: ]
Figure 2, k=400, AWGN, 64QAM


2.2 k=1000
Simulation Parameters for Figure 3 and Figure 4:
	Code Type
	k
	r
	Decoder
	Max Ite
	Channel
	Modulation

	LDPC 
	992
	1/3, 2/5, 1/2, 4/7, 2/3, 3/4, 4/5, 5/6, 8/9
	BP/Flooding
	30
	AWGN
	QPSK/64QAM

	Turbo
	1008
	1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9
	scaled max-log-map
	8
	AWGN
	QPSK/64QAM


[image: ]
Figure 3, k≈1000, AWGN, QPSK
[image: ]
Figure 4, k≈1000, AWGN, 64QAM

Observation 1: Binary LDPC code has attractive performance under the simulation assumptions agreed in RAN1#84b [2] for AWGN channel.

Observation 2: Binary LDPC codes can achieve better performance compared with Turbo codes for high rate.

Proposal 1: Binary LDPC codes show attractive performance  for high coding rate. .


[bookmark: OLE_LINK9][bookmark: OLE_LINK11]Flexibility of LDPC codes
2.3 Multiple code rates
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]LDPC codes for NR should be able to support multiple code rates. Rate-compatible LDPC (RC-LDPC) codes are a family of LDPC codes which can support various code rates with a fixed information length. All codes in the family have acceptable error performance and are capable of sharing a set of encoder and decoder. RC-LDPC codes can provide an efficient realization for hybrid automatic repeat request system.
Puncturing is the one way to construct RC-LDPC codes, i.e., starting with a low-rate LDPC mother code and then puncturing some parity bits to get high-rate LDPC codes. But for practical code lengths, the RC-LDPC codes constructed from this method may suffer from large performance degradation at high rates. Extension is also an efficient construction method, which starts with a high-rate LDPC mother code and then produces additional parity bits to yield low-rate codes. Following is a structure diagram of RC-LDPC codes which are constructed by extension methods [4].


Figure 5,  Structure diagram of RC-LDPC codes

2.4 Multiple code sizes
[bookmark: OLE_LINK3][bookmark: OLE_LINK8]LDPC codes for NR should also be able to support multiple code block sizes.   The structure of the LDPC codes was agreed in RAN1#85 [3] as follows,  The Parity check matrix of Quasi-cyclic like LDPC Codes is defined at least 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. Where in, mb, nb and z are integers larger than 1. The values of mb, nb and z  are FFS. Based on the  agreement, the multiple code block sizes can be realized by adjusting the parameters nb and z.   Adjusting  the parameter z is more straight forward than adjusting the parameter nb. 
The parameter z can be adjusted one by one.  The possible granularity of information block size is (nb-mb). However, some values in the parameter z setting may lead to large performance degradation.  One reasonable criterion of selecting the value of the parameter z is that the parity-check matrix with parameter z should avoid 4-cycle. 
Observation 3: Binary LDPC codes are capable of supporting multiple code rates by extension methods 

Observation 4: Binary LDPC codes are capable of supporting multiple code bloack sizes by adjusting the size of the sub-block matrices.   The selection of the code block size should ensure the  parity-check matrix with parameter z not setting for 4-cycle.

Encoding of LDPC codes
The LDPC codes can be encoded by the generate matrices or the parity-check matrices. The encoding by the generate matrices is much complex than encoding by the parity-check matrices. LDPC codes for NR should be able to be encoded by parity-check matrices. 
For the RC-LDPC codes constructed by extension methods, the parity bits of lower rate codes can be easily generated bythe parity-check matrix from the codeword of higher rate code. There are two common parity-check matrix structures for encoding: dual-diagonal structure (the LDPC codes in IEEE 802.11n standard and IEEE 802.16e standard) and lower-triangular structure. Following is the diagrams of these two structures.


Figure 6, Diagram of dual-diagonal structure


Figure 7, Diagram of lower-triangular structure

[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Proposal 2: Binary LDPC codes for NR should be able to be encoded from parity-check matrices.

Observation 5: Two common parity-check matrix structures are suitable for the encoding of the highest rate code: dual-diagonal structure and lower-triangular structure.

3 Conclusions
In this contribution, we provide the performance evaluation results of binary LDPC codes for NR.
Observation 1: Binary LDPC code has attractive performance under the simulation assumptions agreed in RAN1#84b [2] for AWGN channel.

Observation 2: Binary LDPC codes can achieve better performance compared with Turbo codes for high rate.

Observation 3: Binary LDPC codes are capable of supporting multiple code rates by extension methods 

Observation 4: Binary LDPC codes are ca[able of supporting multiple code block sizes by adjusting the size of sub-block matrices.   The selection of the code block size should ensure the parity-check matrix with parameter z not setting for t 4-cycle.

Observation 5: Two common parity-check matrix structures are suitable for the encoding of the highest rate code: dual-diagonal structure and lower-triangular structure.

Proposal 1: Binary LDPC codes show attractive performance for high coding rate. 

Proposal 2: Binary LDPC codes for NR should be able to be encoded from parity-check matrices.
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