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Introduction
In RAN1 84bis meeting, the different channel coding schemes have been presented and discussed for NR. WF on Channel Coding Evaluation for 5G New Radio has been agreed in [1] as the guidance for the next step on study. In this document, we provide some analysis and propose Rate Compatible low-density parity check (LDPC) codes as candidate for next generation channel codec. The codebook is generated based on the enhanced LDPC code structure and the corresponding simulation results are based on the [1].

Consideration on channel codec for NR
A good channel codec must meet following perspectives: flexible message length, compatible code rate with HARQ IR capability, competitive performance, low complexity encoder and low complexity decoder. The LDPC code for NR should meet all above requirements. 

Table1: characteristic comparison of generic protograph LDPC, 802.11n LDPC and NR LDPC codes

	characteristic
	Generic Protograph LDPC
	LDPC in 802.11n
	LDPC Code for NR

	Flexible message length
	V
	V
	V

	Compatible code rate with HARQ IR
	?
	X
	V

	Competitive performance
	?
	V
	V

	Low complexity encoder
	?
	V
	V

	Low complexity decoder
	V 
	V
	V



A multi-edge, raptor-like LDPC code 
[bookmark: _Ref378529477]To meet all above requirements, enhanced LDPC code is proposed and described for discussion. The protomatrix serves as a blueprint for constructing LDPC codes of different size whose performance can be predicted by analyzing the protomatrix. To fit specified info bit size, replace every 1 in the protomatrix with a ZxZ matrix which is the cyclic shift of the identity matrix of size ZxZ. But for high rate code CR = 8/9, it is hard to find a protomatrix with good SNR threshold. By introducing multi-edge for high code rate, the SNR threshold can be significantly improved. Also, we found that the proposed raptor-like LDPC codes perform remarkably good and have almost the same performance as 802.11n which is directly optimized on specific code rate. The proposed multi-edge, rate-compatible and raptor-like LDPC protomatrix structure is:





Where  is a multi-edge matrix with highest code rate  and  is a specified random 1s matrix. An example of a 33x49 protomatrix with N = 2, M1 = 18 and M2 = 31 is given below. Note that in the upper protomatrix illustration, the number in the matrix denotes the edge number, and, in the lower H matrix illustration with a lifting value of Z, -1 denotes an all zero matrix of size Z, and a non-negative number denotes a right-circular-shifted size-Z identity matrix with the specified amount of shift (thus 0 denoting a size-Z identity matrix).
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Figure 1: raptor-like LDPC code construction with specified shift coefficient

Proposal 1: Multi-edge, raptor-like LDPC codes should be a candidate of 5G SI of channel coding.
Zero-Padding for flexible block size and code rate support
The LDPC code introduced in chapter 3 still supports limited information block sizes and code rates. To have flexible design, zero padding is introduced. With carefully codebook design, the performance with zero padding is still competitive. With zero padding, hardware complexity can be reduced, because some variable nodes can be removed in the BP decoder. The power consumption can also be lower. Below figures show an example to support code of CR=14/49 by zero-padding on code of CR=16/49 code. For our current codebook, we can support code rate down to CR = 1/12.

Figure 2: Illustration of zero padding to generate low rate codes
Proposal 2:  Provide LDPC code with wider range of code rate support and flexible block size design 
Codebook design
Owing to the flexible message length and code rate support, the proposed codebook can easily support LTE spec info bit size from 40 bits to 6144 bits. They have total 188 sets of info bits supporting code rate range from CR=1/12 to CR=8/9. Each size of info bit corresponds to specified value Z and padded bits P.
In the following table we show the codebook with design parameters Z and P based on eMBB simulation assumptions with info bits 100, 400, 1000, 2000, 4000, 6000 and 8000.  The protomatrix dimension is 33x49 with N = 2, M1 = 18 and M2 = 31. 
Table2: Codebook for eMBB simulation assumption
	K (info bits)
	Z (lifting)
	#padded bits
	#padded blocks

	100
	7
	12
	1.71 

	400
	25
	0
	0.00 

	1000
	63
	8
	0.13 

	2000
	125
	0
	0.00 

	4000
	250
	0
	0.00 

	6000
	375
	0
	0.00 

	8000
	500
	0
	0.00 

	12000
	750
	0
	0.00 



Proposal 3:  Provide a well designed and flexible LDPC codebook 
Simulation Results
Based on the agreement of eMBB simulation assumptions[1]. We select QPSK modulation, info block length = 1k and with various code rate. The simulation results are as following
[image: ]
Figure 3: BLER performance for eMBB info bits = 1k
It can be observed that good performance granularity can be achieved with flexible rate compatible design.

Conclusions
The following summarizes the proposals in this contribution.
Proposal 1: Multi-edge, raptor-like LDPC codes should be a candidate of 5G SI of channel coding.
Proposal 2: Provide LDPC code with wider range of code rate support and flexible block size design.
Proposal 3: Provide a well designed and flexible LDPC codebook.
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