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Introduction
In offline discussion after R1-89 meeting, there were some agreements/working assumptions relating to LDPC code. Firstly, the merged base graph of BG1 and BG2 are concluded and secondly more detail are the shift-coefficient are agreed to be working assumption as following.
Working Assumption:
For base graph #1: 
· The number of shift coefficient designs is 8. 
· The set of shift coefficient are defined for ‘a’, where ‘a’ is used for definition of lifting-size, a2j , where set of set of shift coefficient are defined as, 
	Set 1
	Z = 2*2j , j=0,1,2,3,4,5,6,7

	Set 2
	Z = 3*2j , j=0,1,2,3,4,5,6,7

	Set 3
	Z = 5*2j , j=0,1,2,3,4,5,6

	Set 4
	Z = 7*2j , j=0,1,2,3,4,5

	Set 5
	Z = 9*2j , j=0,1,2,3,4,5

	Set 6
	Z = 11*2j , j=0,1,2,3,4,5

	Set 7
	Z = 13*2j , j=0,1,2,3,4

	Set 8
	Z = 15*2j , j=0,1,2,3,4


· Shift value Pi,j can be calculated by a function  =  (, ), where Vi,j is the shift coefficient of the (i,j)-th element in the corresponding shift design. The function  is defined as, 

Proposed Working Assumption:
For base graph #2: 
· The number of shift coefficient designs is 8. 
· The set of shift coefficient are defined for ‘a’, where ‘a’ is used for definition of lifting-size, a2j , where set of set of shift coefficient are defined as, 
	Set 1
	Z = 2*2j , j=0,1,2,3,4,5,6,7

	Set 2
	Z = 3*2j , j=0,1,2,3,4,5,6,7

	Set 3
	Z = 5*2j , j=0,1,2,3,4,5,6

	Set 4
	Z = 7*2j , j=0,1,2,3,4,5

	Set 5
	Z = 9*2j , j=0,1,2,3,4,5

	Set 6
	Z = 11*2j , j=0,1,2,3,4,5

	Set 7
	Z = 13*2j , j=0,1,2,3,4

	Set 8
	Z = 15*2j , j=0,1,2,3,4


· Shift value Pi,j can be calculated by a function  =  (, ), where Vi,j is the shift coefficient of the (i,j)-th element in the corresponding shift design. The function  is defined as, 

In this contribution, we will propose the shift-coefficient design for both Base Graph #1 and Base Graph #2. Otherwise, we also discuss about the lifting factor selection for better performance, larger coding gain and potential lower latency.
QC-LDPC Code for Base Graph #1
The merged OC-LDPC basematrix for Base Graph #1 is as Figure 1.
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[bookmark: _Ref485649527]Figure 1: Basematrix of Base Graph#1
[bookmark: _Ref481740162][bookmark: _Ref474149036]Shift-coefficient Design
In this proposed QC-LDPC code, we define the sets of lifting factors (Z) as

The corresponding shift values are represented by 8 shift coefficient tables which correspond to shift coefficients of. For any lifting factor of within the set, the corresponding shift coefficient can be obtained by
,
where  is the shift coefficient of the (-th element in the shift coefficient tables for .The shift-coefficient table will be updated latter.



Lifting Factor Design 
In this QC-LDPC code, byte granularity or even 1-bit granularity of message size (K) is considered. Due to the limited number of lifting factors desired to be supported, shortening based on zero-padding of some information bits before encoding is required and proposed by many companies. 
The lifting factor is selected based on following formulation. 
For extreme small CBS, the performance can be enhanced by intentionally enlarging the lifting factor to reduce the girth of the LDPC code. 
For medium CBS, we expect that if we decrease the Kb we can acquire more coding gain and lower latency. 
These two topic need more study after shift-coefficient table is finalized.
Proposal 1: For small CBSs of BG1, the lifting factor selection should be studied after the shift-coefficient tables are finalized to have better performance, larger coding gain and lower latency.
Proposal 2: For medium CBSs of BG1, the lifting factor selection should be studied after the shift-coefficient tables are finalized to have larger coding gain and lower latency.
Performance
Performance will be updated latter.
QC-LDPC Code for Base Graph #2
The merged OC-LDPC basematrix for Base Graph #2 is as Figure 3.
[image: ]
[bookmark: _Ref485649973]Figure 2: Basematrix of Base Graph#2
The base matrix has check nodes (CNs) 0~41 as shown in Figure 3.The blocks of variable nodes (VNs) 0~9 correspond to information bits and the other VN blocks correspond to parity bits. Blocks of VN0 and VN1 are punctured in the beginning of the initial transmission. For flexible message sizes or embedded LDPC codes, the zero-padded bits are allocated from right to left starting from VN9. For rate-matching, the parity bits are punctured from right to left. Therefore, for CR=2/3, the  sub-matrix on the upper left corner of the base matrix is used, and for CR=1/5, the full base matrix of is used
Shift-coefficient Design
In this QC-LDPC code, the sets of lifting factors (Z) as 

The corresponding shift values are represented by 8 shift coefficient tables which correspond to shift coefficients of. For any lifting factor of within the set, the corresponding shift coefficient can be obtained by
,
[bookmark: _GoBack]where  is the shift coefficient of the (-th element in the shift coefficient tables for . We propose new shift-coefficient tables for a=2, 3, 5, 9, 11. For the remaining tables of  a=7, 13,15, we suggest to use the original shift-coefficient table of the merged BG2 proposal.
Lifting Factor Design 
In this QC-LDPC code, byte granularity or even 1-bit granularity of message size (K) is considered. Due to the limited number of lifting factors desired to be supported, shortening based on zero-padding of some information bits before encoding is required and proposed by many companies. 
The lifting factor is selected based on following formulation.
The  is a function of K and designed as Table 3
[bookmark: _Ref481699783]Table 3: Lookup Table of Kb
	K
	Kb

	656~2560
	10

	576~640
	9

	200~560
	8

	40~192
	6



Proposal 3:  For small CBS of BG2, the proposed Kb selection should be adopted.
Performance
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Figure 3: Outliner statistic of a=2 (256)
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Figure 4: Outliner statistic of a=9 (144)
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Figure 5: Outliner statistic of a=5 (160)
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Figure 6: Outliner statistic of a=11 (176)
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Figure 7: Outliner statistic of a=3 (192)

Conclusion
The following summarizes the observations and proposals in this contribution.
Proposal 1: For small CBSs of BG1, the lifting factor selection should be studied after the shift-coefficient tables are finalized to have better performance, larger coding gain and lower latency.
Proposal 2: For medium CBSs of BG1, the lifting factor selection should be studied after the shift-coefficient tables are finalized to have larger coding gain and lower latency.
Proposal 3: For small CBS of BG2, the proposed Kb selection should be adopted.
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