	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 NR#2	R1-1710744
Qingdao, China, 27th – 30th June 2017
[bookmark: Source]Agenda item:	5.1.4.1.2
Source: 	Samsung
Title: 	LDPC Code for BG1 
[bookmark: DocumentFor]Document for:	Discussion 
Introduction
During e-mail discussion after the RAN1 #89 meeting, it was agreed that a base matrix (or base graph) merged by Huawei-Samsung-Qualcomm is selected as the base matrix for BG1 corresponding to relatively long length LDPC codes. 
In this contribution, we summarize some characteristics of the selected BG1 and the performance evaluation results. 
Base Matrix 1 of LDPC Codes for BG1
1 
2 
Merged Base Matrix  
Although there are many debates for BM1 selection during e-mail discussion, some claims were accepted as almost facts, regardless of which are more important factors in the system. First, the Kernel matrix proposed by Huawei (HW) has a lower complexity and performs best for high code rates. Second, due to a proper quasi-row orthogonal structure, the performance of the LDPC matrix proposed by Samsung (SS) is the best for middle and low code rates, and furthermore, it has a reasonable complexity, in an overall sense. Finally, the LDPC matrix proposed by Qualcomm provides a reasonably good performance with the lowest complexity due to row orthogonal structure. 
For this reason, the merged base matrix (BM) was divided into 3 parts; 1) Kernel part (Row-1 ~ Row-5); 2) Quasi-Row Orthogonal (QRO) part (Row-6 ~ Row-25); 3) Row Orthogonal (RO) part (Row-26 ~ Row-46); and then, HW, SS, and QC were responsible for designing one of the 3 parts in the merged LDPC BM1 as follows: 

· Kernel part: HW
· QRO part: SS (Note that the last 5 rows in the QRO part have RO property)
· RO part: QC

As shown in Figure 1, the last 5 rows in QRO part have RO property. Clearly, RO is also QRO in a wide sense. In some cases, the QRO structure is suitable for a high coding gain. However, it is not helpful for performance enhancement in below some code rates. Consequently, for low rate part, RO structure is desirable in terms of both complexity and performance. 
To convince WG that the merged BM is a reasonable choice, HW, SS, and QC provided a set of shift coefficients based on the merged BM for performance evaluation. Since a discussion on the method of providing shift coefficient design was in progress at that time, the provided set of shift coefficients was separately defined according to the range of Z (the size of circulant permutation matrices). Note that the provided set of shift coefficients is not complied with the current working assumption (WS). Actually, according to the current WS, a shift coefficient should be defined for a set of Z = a*2^j where a and j are positive integers. Furthermore, to support length-compatible LDPC codes, the shift coefficients can be changed by modulo-lifting. 
Samsung will provide a new set of shift coefficients for the merged BM1 before the RAN1-NR#2 meeting, complying with the current WS. 
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 Figure 1. Merged Base Matrix (BM1)

Performance Evaluation for Merged Base Matrix 
Figures 2 and 3 show the results on performance evaluation for the SS original proposal and the merged proposal. We can see that the performance degradation induced by the merged proposal is negligible, as compared with the SS original proposal. Note that the merged proposal keeps a balance between the performance and implementation benefit due to proper QRO and RO part.
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Observation 1: The merged Base Matrix provides a comparable performance compared to SS original proposal. Furthermore, it is more suitable for NR because of its balancing between the performance and implementation benefit.
Observation and Proposal 
In this contribution, we present the following observation and proposal for base matrix of NR LDPC code. 

Observation 1: The merged Base Matrix provides a comparable performance compared to SS original proposal. Furthermore, it is more suitable for NR because of its balancing between the performance and implementation benefit.

Proposal 1: The merged base matrix be adopted for NR.
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 Figure 2. Difference of required SNRs between SS proposal and Merged proposal (CBLER = 1e-2)
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 Figure 3. Difference of required SNRs between SS proposal and Merged proposal (CBLER = 1e-4)
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