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Introduction
Related to LDPC code design, the followings were agreed in the RAN1 #89 meeting [1]. 
	Agreement:
· For base graph #1:
· The dimensions of the base matrix are 68 columns, 46 rows (to support R=1/3)
· Seven 46x68 base matrices are identified as the set of candidates:
· Provided in the Excel file R1_1709751.xlsx in R1-1709751 as Candidates A to G.
· By constructive email discussion until Thursday 1st June – Keeth (Nokia), agree (from the set of candidates or a merged solution), for evaluation and downselection until June adhoc:
· a single 46x68 base matrix, 
· the set of shift sizes



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 provide a set of shift matrices for the merged BG1 and modulo-lifting to support variable lengths.
A Set of Shift Value Matrices Based on Modulo-Lifting 
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2 
Modulo Lifting   
One advantage of quasi-cyclic (QC) LDPC codes is supporting length-compatibility since QC LDPC codes of variable length can be easily obtained by adjusting the size of circulant permutation matrices in . When adjusting the size of circulant permutation matrices according to the target code block size, each exponent indices can be easily calculated by the specified formula. 
[image: ]
Figure 1. Lifting technique for length compatibility
For example, we can obtain the shift value matrix (or exponent matrix)  for the parity-check matrix  from the exponent matrix  for the parity-check matrix  as follows: 
[Lifting]

Here,  is the parity-check matrix consisting of  circulant permutation matrices and/or zero matrices for given integer  and  is an integer function of  and . 
We have proposed the following modulo-lifting for the lifting function  for NR:
[Modulo-Lifting]

More details on algebraic properties of modulo-lifting are presented in [2]. 

LDPC Parameters – Information Columns in BG1, Shift Sizes, Code Rates
The parameters related to BG1, such as the number of information columns, shift sizes, and minimum code rates, are presented in Table 1. We provide 8 shift value matrices to support long-length LDPC coding for NR. Note that the 8 shift value matrices have the same base graph (or base matrix). Each shift value matrix is given in the excel sheet attached separately.

Table 1:  LDPC Parameters for Base Graph #1
	Number of information columns in base graph (Kb)
	22

	Supportable shift sizes (Z) for shift value matrix 1
	2*2j (=2, 4, 8, 16, 32, 64, 128, 256)

	Supportable shift sizes (Z) for shift value matrix 2
	3*2j (=3, 6, 12, 24, 48, 96, 192, 384)

	Supportable shift sizes (Z) for shift value matrix 3
	5*2j (=5, 10, 20, 40, 80, 160, 320)

	Supportable shift sizes (Z) for shift value matrix 4
	7*2j (=7, 14, 28, 56, 112, 224)

	Supportable shift sizes (Z) for shift value matrix 5
	9*2j (=9, 18, 36, 72, 144, 288)

	Supportable shift sizes (Z) for shift value matrix 6
	11*2j (=11, 22, 44, 88, 176, 352)

	Supportable shift sizes (Z) for shift value matrix 7
	13*2j (=13, 26, 52, 104, 208)

	Supportable shift sizes (Z) for shift value matrix 8
	15*2j (=15, 30, 60, 120, 240)

	Supportable information sizes (K)
	40 ~ 8448

	Minimum code rate of base graph (Rmin)
	1/3

	Number of punctured information bits 
	2Z



How to select Z value for given information size (or code block size)
Z value is selected as the minimum value among the supportable shift sizes (Z) satisfying Z*Kb >= K where K and Kb denote the information size and the number of information column blocks of the BG1, respectively.

How to select a shift value matrix 
According to Table 1, a proper shift value matrix is selected based on the selected Z value. 

Shortening
After modulo-lifting on the selected shift value matrix, () known bits (e.g., zero bits) are attached to the last part of information bits for shortening and they are not transmitted, where  is the number of information column blocks of BG1. After the shortening,  information bits are LDPC-encoded into codeword bits.

[bookmark: _GoBack]
Conclusion 
In this contribution, we propose 8 shift value matrices to support long-length LDPC coding for NR. Note that the 8 shift value matrices have the same base matrix, i.e., BG1. 
3 
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One parity check matrix to support variable code length
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