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Introduction 
In 3GPP RAN1 NR#2 ad hoc meeting [1], the working group finally selected the base graphs (BG1/BG2) and LDPC shift matrices. However, the matrix format for the parity part in core matrix of each LDPC shift matrix is slightly different since we do not have any agreement on the explicit format. Clearly, it is desirable that we have a specifically unified format for the parity part since it provides us with a simple LDPC encoding. 
In this contribution, we introduce a method for matrix conversion of the LDPC shift matrices. The proposed matrix conversion gives us a unified structure for the parity part of LDPC shift matrices. Furthermore, it is not damaging to the algebraic characteristics of the LDPC shift matrices, and therefore, it does not induce any performance degradation. 
Matrix Conversion of LDPC Shift Matrices 
A Review of QC LDPC Codes
In [2], the details for quasi-cyclic (QC) LDPC codes are presented. 
A QC LDPC code is characterized by the parity-check matrix which consists of small square blocks which are the zero matrix or circulant permutation (right-shifted identity) matrices. Let  be the  permutation matrix defined by 

Note that  is just the circulant permutation matrix which shifts the identity matrix  to the right by  times for any integer , . For simple notation, we denote the  zero matrix  by.
Let  be the parity check matrix with size of  matrix given by 

where  are shift values for the circulant permutation matrices,  and  are the numbers of column and row blocks, respectively. .
The base graph (or base matrix) of , , is defined by the  binary matrix obtained from replacing zero matrices and circulant permutation matrices by ‘0’ and ‘1’, respectively, in . Furthermore, let  be the shift matrix (or shift value matrix) of  given by 

An example of a parity-check matrix for a  QC LDPC code with  and  is given by 


where  is the  zero matrix and  is the  identity matrix.

In 3GPP RAN1 NR#2 ad hoc meeting [1], we define the 8 sets for the supportable shift sizes as follows: 
  
  
 
If we assume that  is the LDPC shift matrix for a shift size , then we can also define the parity-check matrix  for the shift size  by

where . Note that any modulo operation to zero matrix results in zero matrix. 
Observation 1: The parity-check matrix for each shift size Z can be easily obtained by modulo operation to the LDPC shift matrix. 

Format for the parity part of LDPC shift matrices 
The selected LDPC shift matrices have two different formats for the parity part in core matrix, as follows:  



Observation 2: The selected LDPC shift matrices have two different formats for the parity part: 
1) Type-1 = ,    2) Type-2 = .
Both LDPC shift matrices of the above two types have substantially the same algebraic properties. In other words, there is no reason for any performance difference. It is just a difference in LDPC encoding procedure. Therefore, if we can merge the two formats into a unified format without any performance loss and cost, it is desirable to reduce the implementation complexity.

Proposed Conversion of LDPC Shift Matrices  
For easy understanding, we present the proposed matrix conversion with a simple, but specific example. We are going to try to convert from  of type 1 to  of type 2 in Section 2.2. (Of course,  type can be converted to  type, and vice versa.)

Step 1) Circular column permutation: We first apply a circular column permutation to the th column block, i.e., the first parity column block as follows: 

A circular column permutation for the QC parity-check matrix is easily realized by adding or subtracting a common value from the shift values for the circulant permutation matrices in the same column block. In Step 1), we subtract the value  from all shift values for circulant permutation matrices in the th column block. Note that there is no performance degradation due to the column permutation since it is just the same as a bit-arrangement.  

Observation 3: A circular column permutation for the QC parity-check matrix is easily realized by adding or subtracting a common value from the shift values for the circulant permutation matrices in the same column block.
Observation 4: There is no performance degradation due to the column permutation since it is just the same as a bit-arrangement.

Step 2) We define the following Matrix Conversion rule: 

where  is the maximum supportable shift size for . ()

Step 3) Apply the conversion rule in Step 2) to . (Note that )


[bookmark: _GoBack]In [3], [4], it is well-known that the cycle properties of a QC LDPC code can be analysed, based on the relations among the shift values in the LDPC shift matrix. Actually, in [3], [4], the necessary and sufficient condition under which there are cycles in the QC-LDPC code presented as follows:

[image: ]

Consequently, it can be easily checked that the proposed matrix conversion does not induce any loss for the original algebraic properties such as cycle and minimum distance, etc. 

Observation 5: The proposed matrix conversion for the shift value matrix does not induce any loss for the original algebraic properties such as cycle and minimum distance, etc.

Finally, we can get a unified structure for the parity part of the selected LDPC shift matrices by the proposed matrix conversion presented in Steps 1), 2) and 3). Note that the proposed method is not damaging to the algebraic characteristics of the LDPC shift matrices, and therefore, it does not induce any performance degradation. 

Proposal 1: This contribution suggests to have one unified shift value matrix format because it provides 
· lower implementation complexity
· simpler standard specification for better understanding

Conclusion
In this contribution, we discussed a method for matrix conversion of the selected LDPC shift matrices and we presented the following observation and proposal for supporting length-compatibility of QC LDPC codes.
Observation 1: The parity-check matrix for each shift size Z can be easily obtained by modulo operation to the LDPC shift matrix. 
Observation 2: The selected LDPC shift matrices have two different formats for the parity part:
Observation 3: A circular column permutation for the QC parity-check matrix is easily realized by adding or subtracting a common value from the shift values for the circulant permutation matrices in the same column block.
Observation 4: There is no performance degradation due to the column permutation since it is just the same as a bit-arrangement.
Observation 5: The proposed matrix conversion for the shift value matrix does not induce any loss for the original algebraic properties such as cycle and minimum distance, etc.

Proposal 1: This contribution suggests to have one unified shift value matrix format because it provides 
· lower implementation complexity
· simpler standard specification for better understanding
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Proposition 3: Let P** — P9 — ... — Pl — P% be the
chain corresponding to a 2/-block-cycle. If  is the least positive integer
such that

21

r- Z(—l)iilai = 0 mod L,

=1

then the block-cycle leads to a cycle of length 2[r.




