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Introduction
In RAN1 #90 meeting, the following working assumptions were made [1]:
	Working Assumption, to be checked after finalisation of the TBS table and confirmed if TBSs exist for which the following is meaningfully beneficial and does not cause meaningful degradation: 
· For initial transmissions with code rate Rinit > 1/4*, BG2 is not used when TBS>3824 
· If the FFS on UE capabilities w.r.t. support of both BGs is resolved such that it is possible that a UE does not support BG1, then the above bullet only applies if the UE supports BG1. 
· BG2 is used for initial transmissions with code rate Rinit <= ¼* for all TBS supported at that code rate
· For BG2 with TBSs larger than 3824, the TB is segmented into CBs no larger than 3840
* ¼ is TBC at NR AH#3



In this contribution, we would like to share our findings and simulation results on Rinit for BG selection in CB segmentation. 
CR determination for Base Graph switching
Problem formulation
From aforementioned working assumption, it was agreed to use same Rinit for all TBS, so the problem is to find a maximal Rinit such that BG#2 performance is better than BG#1 for CR under this Rinit for all TBS with segmentation.
Mathematical formulation for the problem can be described as
· Probability that TB with CR=R is decoded correctly with BG#1 segmentation:

where  denotes number of BG#1 CB after segmentation. The equality assumes that all CB’s have equal CBS and all CB error rates are the same and independent.
· Probability that TB with CR=R is decoded correctly with BG#2 segmentation: 

where  denotes number of BG#2 CB after segmentation.
· BG#2 is used for CB segmentation with better TB performance, if the following inequality holds

.
Therefore, we can have the following criterion for determining Rinit

where .
We have the following general properties of BG#1 and BG#2 for LDPC codes
·  is an increasing function of R, and 
·  is a decreasing function of CBS.
Based on the inequality and the properties, the inequality also holds for BG#1 CBS ≤ K1, BG#2 CBS ≥ K2, N/M ≤   if the inequality holds for BG#1 CBS K1, BG#2 CBS K2, N/M =  under CR=R and some TBS configuration. Therefore, we can determine the CR Rinit with TBS corresponding to large BG#1 CBS, small BG#2 CBS, and large N/M, where N is the number of BG#2 CB after segmentation and M is the number of BG#1 CB after segmentation.
Numerical analysis
The following numerical analysis shows how to find the critical points for Rint determination. 
As shown in Figure 1, it can be observed that the smallest segmented BG#2 CBS happens at TB+CRC=3848 bits. However, at TB+CRC=3848, BG#1 CBS equals to 3848, which might not be large enough to achieve the global minimum value for  to determine Rinit. Nevertheless, this TBS can still be a check point. To find the combination of large BG#1 CBS and small BG#2 CBS based on the description in the previous section, critical TBS range for Rinit determination can be narrowed down within near TB+CRC8448 bits where BG#1 CBS reaches the largest value at TB+CRC=8448 and BG#2 CBS would always be larger than 2816 for TB+CRC8448 bits.
The other factor that determines C in the inequality is the ration N/M. Figure 2 shows the number of CB’s using BG#1 and BG#2 for segmentation with different TBS’s. Figure 3 shows the ratio N/M with different TBS’s. The largest N/M ratio equals to 3 and occurs at TB+CRC = 7704~8448 bits.
Observation 1: The critical TBS range for determination Rinit is near 8448 bits.
Simulation results
[bookmark: _Ref481740162]In this section, we present simulations that are used to find Rinit over different TBS’s. The simulation condition is QPSK modulation scheme, AWGN channel, maximum CBS is 8448 for BG#1 and 3840 for BG#2 in segmentation.
Two sets of simulations are conducted:
· Set 1 is to find the lower bound of Rinit from critical TBS’s.
· Set 2 is to validate the lower bound of Rinit and find Rinit over TBS granularity.
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Figure 1: Segmented CBS by using BG#1 or BG#2.
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Figure 2: Number of CB’s using for BG#1 or BG#2 in segmentation.
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Figure 3: Ratio of the number of CB using BG#2 over the number of CB using BG#1 (N/M).

Lower bound of Rinit over critical TBS’s
Figures 4 to 6 show BLER comparison between BG#1 and BG#2 with different TBS+CRC sizes over a range of CR. From these simulation results, BLER of BG#2 with CR 0.29 is better than that of BG#1 at BLER 1e-1. 
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Figure 4: Performance comparison at TB+CRC=3840 bits over different CR range.
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Figure 5: Performance comparison at TB+CRC=7704 bits over different CR range.
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Figure 6: Performance comparison at TB+CRC=8448 bits over different CR range.
Lower bound of Rinit over TBS granularity
Figures 7 to 11 show the BG#1 and BG#2 SNR requirement at BLER 1e-1 with segmentation. The jump of required SNR curve is due to the increase in CB number which causes the reduction of CBS. It can be observed that the SNR requirement of BG#2 is less than that of BG#1 when Rinit is less than 0.29.
Observation 2: SNR requirement of BG#2 is less than that of BG#1 when Rinit is less than 0.29.
[bookmark: _GoBack]Proposal 1: Rinit should be 0.29 for BG#2 segmentation.
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Figure 7: TBS granularity of BG#1 and BG#2 for CR=0.27.
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Figure 8: TBS granularity of BG#1 and BG#2 for CR=0.28.
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Figure 9: TBS granularity of BG#1 and BG#2 for CR=0.29.
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Figure 10: TBS granularity of BG#1 and BG#2 for CR=0.3.
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Figure 11: TBS granularity of BG#1 and BG#2 for CR=0.31.
Conclusion
The following summarizes the observations and proposals in this contribution.
Observation 1: The critical TBS range for determination Rinit is near 8448 bits.
Observation 2: SNR requirement of BG#2 is less than that of BG#1 when Rinit is less than 0.29.
Proposal 1: Rinit should be 0.29 for BG#2 segmentation.
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