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Introduction
In RAN1#89, the following agreement was reached [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, the base matrix for base graph #1 was agreed and two working assumptions for details of the shift coefficient design was reached:

Agreement:  
For base graph #1, the prioritized merged solution (provided in “LDPC Basegraph 1.xlsx”) is adopted as the base matrix.


Working assumption:  
· 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, a*2j , 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, 

Working assumption: 
1. For a given information block size K, (Kb, Z) are determined as follows, 
         For base graph #1
o    Determine Z: minimum Z value such that Kb∙Z >= K, where Kb = 22. 
o    Once the lift size Z is decided, choose the corresponding labelling matrix from {Set 1, Set 2 ,…, Set 8} according to the agreed Z set
1. The above (Kb, Z) selection rule does not impact the decision on Kmin1 and Kmax2 
1. Further optimization on how to determine (Kb, Z)  is possible until RAN1#90.
1. FFS how to select PCM

In this contribution, we propose a shift coefficient design for base graph #1.

Shift Coefficient Design
Based on the above mentioned agreements and working assumptions, we have designed shift coefficients for base graph #1. The shift coefficient design for the 8 sets of shift sizes are included in the accompanying data sheet.
The LDPC codes agreed for NR are quasi-cyclic codes. Quasi-cyclic parity-check matrices are partitioned into square sub-blocks (sub-matrices) of size Z × Z. These submatrices are either cyclic-permutations of the identity matrix or null submatrices. The cyclic-permutation matrix Pi is obtained from the Z × Z identity matrix by cyclically shifting the columns to the right by i elements. The matrix P0 is the Z × Z identity matrix. Quasi-cyclic LDPC codes are conveniently described through a shift coefficient design, which is a matrix where each integer i denotes the cyclic-permutation matrix Pi. Entries with i = -1 in the matrix denote null (zero) submatrices.
A specific parity-check matrix is obtained by selecting a shift size Z with a corresponding shift coefficient design, and replacing each entry with the corresponding Z × Z matrix. The cyclic permutation P_(i,j) of each Z × Z matrix is calculated using the agreed function , where  corresponds to element (i,j) in the shift coefficient design.
[bookmark: _GoBack]The basic structure of the base matrix corresponding to base graph #1 is illustrated in Figure 1. The first 2 × Z systematic bits are always punctured (the set of bits corresponding to the first two yellow columns of the base matrix). Some of the remaining systematic bits are always transmitted, while some of them may be shortened if an information block length Ktx, with Ktx<K, is desired, where K is the native information block length of the PCM. The upper left sub-matrix of the base matrix corresponds to a PCM with high code rate. The rate may be reduced by transmitting additional parity bits from the incremental redundancy part, as described by the rightmost (green) part of the matrix. Check-nodes connected to the variable-nodes of the incremental redundancy part that are not transmitted can be deactivated when decoding to reduce complexity.
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[bookmark: _Ref458797878]Figure 1. Illustration of base graph #1.

The proposed shift coefficient design is optimized to achieve very good block-error rate performance and no error floor above block error rates of .

1. The proposed shift coefficient design for base graph #1 should be used for NR.

Conclusions
In this contribution we proposed shift coefficient designs for base graph #1 and we further propose that:
1. The proposed shift coefficient design for base graph #1 should be used for NR.
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