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Introduction
Related to LDPC code design, the followings were agreed in the RAN1 #89 meeting [1]. 
	Agreement: 
· For base graph #2:
· By constructive email discussion until Monday 12th June – Keeth (Nokia), agree a single base matrix for Alt 1a and a single base matrix for Alt 2, for evaluation and downselection until June adhoc
· Kbmax = 10 
· Design supports Kmax2 = 
· Working assumption 2560 
· 3840 can be considered further if significant benefit is shown
· The dimensions of the base matrix are 42x52
· Evaluations are to be performed up to Kmax2; primary focus for code selection is performance for K up to around 1024


During e-mail discussion after the RAN1 #89 meeting, it was agreed that a base matrix (or base graph) merged by Mediatek-ZTE-Samsung-Huawei (M-Z-S-H) is selected as the base matrix for BG2 corresponding to relatively short length LDPC codes. In [2], we provide a set of shift value matrices for the merged BG2 to support short-length LDPC coding for NR. The proposed shift value matrices have the same base matrix, i.e., the merged BG2. 
In this contribution, we present the results on the performance evaluation for the proposed shift value matrices.
Performance of Proposed LDPC Codes Based on BG2
1 
2 
Shift Value Matrices and Parameters   
In [2], we provide a set of shift value matrices for the merged BG2 to support short-length LDPC coding for NR. Furthermore, several major parameters for LDPC coding are also provided as follows: 
Table 1:  LDPC Parameters for Base Graph #2
	Number of information columns in base graph (Kb,max)
	10

	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)

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

	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)

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

	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 ~ 2560

	Minimum code rate of base graph (Rmin)
	1/5

	Number of punctured information bits 
	2Z



Performance Evaluation of Proposed LDPC Codes 
To conduct computer simulations for variable length LDPC codes, we need to clarify the method for supporting the variable-length. We can summarize some important steps to support variable length as follows: 

How to select (Kb, Z) for given information size (or code block size)
For a given information block size K, (Kb, Z) are determined as follows: 
Step 1) Select Kb based on the information block size 
if (K > 640) 
Kb = 10; 
elseif (K > 560) 
Kb = 9; 
elseif (K > 192) 
Kb = 8; 
else
Kb = 6;
end                              

Step 2) Z value is selected as the minimum value among the supportable shift sizes (Z) satisfying Z*Kb >= K. 
Step 3) According to Table 1, a proper shift value matrix is selected based on the selected Z value. 

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

Modulo-Lifting
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 [3]. 

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 BG2. After the shortening,  information bits are LDPC-encoded into codeword bits.

Puncturing
According to the target code rate, the parity bits can be properly generated. As an alternative way, the LDPC encoder generates first the parity bits achieving the minimum code rate (i.e., 1/5), and then, a proper number of parity bits are punctured from the last parity bits to achieve the target code rate.  

Figures 1 and 2 show the results on the performance evaluation for the proposed LDPC codes based on 8 shift coefficient matrices, in terms of Required SNRs for various information block sizes. We can see that the proposed LDPC codes provide a good and stable CBLER (code block error rate) performance up to 1e-4 for all information block sizes and code rates. 
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Figure 1. Required SNR for BLER 10-2
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Figure 2. Required SNR for BLER 10-4


Observation 1: The proposed LDPC codes based on 8 shift value matrices support a good and stable performance at down to CBLER = 1e-4 for various information block sizes and code rates.

Performance Comparison with Exemplary LDPC Codes
To compare the CBLER performance of the proposed LDPC codes with that of an exemplary LDPC codes proposed by M-Z-S-H during email discussion, the number of outliers is counted for each SNR threshold. As shown in Figures 3-10, the proposed LDPC codes perform better than the exemplary LDPC codes.
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Figure 3. Performance Comparison (Shift value matrix 1; a=2)
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Figure 4. Performance Comparison (Shift value matrix 2; a=3)
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Figure 5. Performance Comparison (Shift value matrix 3; a=5)
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Figure 6. Performance Comparison (Shift value matrix 4; a=7)
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Figure 7. Performance Comparison (Shift value matrix 5; a=9)
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Figure 8. Performance Comparison (Shift value matrix 6; a=11)
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Figure 9. Performance Comparison (Shift value matrix 7; a=13)
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Figure 10. Performance Comparison (Shift value matrix 8; a=15)
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Observation 2: The proposed LDPC codes perform better than exemplary LDPC codes proposed by M-Z-S-H. 

Observation and Proposal 
In this contribution, we present the following observation and proposal for base matrix of NR LDPC code. 

Observation 1: The proposed LDPC codes based on 8 shift value matrices support a good and stable performance at down to CBLER = 1e-4 for various information block sizes and code rates.
Observation 2: The proposed LDPC codes perform better than exemplary LDPC codes proposed by M-Z-S-H. 

Proposal 1: A part or all of the proposed shift value matrices for BG2 should be adopted for NR.

3 
4 
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