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Introduction
In RAN1 NRAH2 meeting [1], it is agreed that the same value of Z for code blocks within a TB. 

Agreement: 
· Same value of Z for code blocks within a TB

Agreement:
· Base graph #1 is used for the initial transmission and subsequent re-transmissions of the same TB when
· CBS > X or code rate of the initial transmission > Y
· Base graph #2 is used for the initial transmission and subsequent re-transmissions of the same TB when
· CBS <= X and code rate of the initial transmission <= Y
· Working assumption : X = 2560 and Y = 0.67
· FFS after PCM decisions if X can be extended to 3840 and/or Y can be extended to 0.75
To be checked how the receiver knows in each case the code rate of the initial transmission, and how exactly it is defined. 
FFS whether some UE capabilities may be possible that do not require the implementation of both base graphs. 
In this contribution, we evaluate the performance of code block segmentation using BG#1 and BG#2. 
Discussion
A  It was agreed in RAN1 NR AH#2 that TBS would have clear partition to two disjoint sets of using BG#1 and BG#2 for LDPC encoding with the boundary at the CBS size X and code rate Y as follows,
· Base graph #1 is used for the initial transmission and subsequent re-transmissions of the same TB when
· CBS > X or code rate of the initial transmission > Y
· Base graph #2 is used for the initial transmission and subsequent re-transmissions of the same TB when
· CBS <= X and code rate of the initial transmission <= Y

TB will be segmented to fit the size of either BG#1 or BG#2.  For larger code block size CBS >X (up to k=8448, including CRC) or with code rate R> Y after code block segmentation, BG#1 is used.  Only BG#2 can support code rate 1/5<R<1/3.  Thus, the code block segmentation needs to use X as the maximum value for segmentation.  
  2.1 Code Block Segmentation for Low Code Rate
[bookmark: OLE_LINK110][bookmark: OLE_LINK76][bookmark: OLE_LINK77]We evaluate the performance of code block segmentation for the 2 base graphs with the largest information block size. As the threshold value between BG#1 and BG#2 is not yet decided, we evaluate both K=2560 and K=3840 for BG#2. A simulation is performed with parameters K= {2560, 3840, 8448}, R= {1/5, 1/4}. Performance of K=8448 is achieved by repetition from R=1/3 code. 
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Figure 1: Performance comparison of K= {2560, 3840, 8448}, R=1/5
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Figure 2: Performance comparison of K= {2560, 3840, 8448}, R=1/5
As we can see from Figure 1, K=2560 and 3840 outperforms K=8448 with code rate R=1/5. There are more than 0.3dB coding gain at BLER=0.01 due to the code rate. K=3840 performs better than K=2560. 
In Figure 2, simulation results of code rate R=1/4 shows similar trend that TB segmented to smaller code blocks in using BG#2 has better BLER performance than that using BG#1. Although the repetition bits with BG#1 are not that much for code rateR=1/5, the gap between K=3840 and K=8448 is still more than 0.15dB at BLER=0.01. 
[bookmark: OLE_LINK111][bookmark: OLE_LINK112]Observation 1: For low code rate, TB segmented to smaller code blocks using BG#2 as LDPC encoding outperforms that using BG#1with repetition. 
2.2 Code Block Segmentation for HARQ
For rate R>=1/3, code block segmentation of a TB to large code blocks using BG#1 outperforms that of using BG#2 due to the gain of lager information block size. For retransmission in HARQ operation, the equivalent code rate may be lower than 1/3. Code block segmentation of a TB to smaller code blocks using BG#2 may have a better performance in these cases.
We evaluation  LDPC code with different code block segmentation in using BG#1 or BG#2 with HARQ IR combining  with parameter settings K= {2560, 3840, 8448}, R0= {1/3, 2/5, 1/2}. R0 represents the code rate of the first transmission and IR-HARQ IR combining of initial transmission and retransmissions scheme is given in [2]. The results are shown in Figure 2. 
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Figure 2: Performance of LDPC second transmission, K= {2560, 3840, 8448}, R= {1/3, 2/5, 1/2}
In Figure 2, different coding gains are observed for K=2560, 3840 and K=8448 at BLER=0.01 after HARQ combining of initial transmission and  retransmission. The gap is about 0.4dB for R0=2/5 between K=3840 and K=8448 at BLER= 0.01. K=3840 outperforms K=2560 with a steady coding gain about 0.1dB at all the three code rate rates. Code block segmentation to smaller code block  using BG#2 is preferred when the effective code rate after HARQ combining is lower than 1/3.
[bookmark: OLE_LINK113][bookmark: OLE_LINK114]Observation 2: Code block segmentation to smaller code block  using BG#2 is preferred when the effective code rate after HARQ combining is lower than 1/3.
Proposal 1: Code block segmentation to small code blocks using BG#2 is recommended for low code rate. 
Conclusion 
Observation 1:  For low code rate, TB segmented to smaller code blocks using BG#2 as LDPC encoding outperforms that using BG#1with repetition. 
Observation 2: Code block segmentation to smaller code block  using BG#2 is preferred when the effective code rate after HARQ combining is lower than 1/3.
Proposal 1: Code block segmentation to small code blocks using BG#2 is recommended for low code rate. 
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