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1. Introduction
In the last RAN1 #90 meeting, the following working assumption was 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 propose the threshold of Rinit under the assumption that the NR TBS table follows the principle of LTE TBS table.

2. Discussion
 In the 3GPP LTE, MCS index 0~3 have code rates lower than 1/3. MCS index 0 has about 0.12 code rate but its maximum TBS is smaller than 3840, which means that segmentation is not used although BG2 is used. MCS index 1 has about 0.15 code rate and its maximum TBS is 4008. MCS index 2 has about 0.19 code rate and its maximum TBS is 4968. MCS index 2 has about 0.25 code rate and its maximum TBS is 6456. Thus, segmentation can be performed for MCS index 1~3 when BG2 is used. However, the NR TBS table may not be equal to the LTE TBS table because the maximum number of sub-carriers per carrier is different.
NR has at most 3300 sub-carriers per carrier and the 3GPP LTE has at most 1200 sub-carriers per carrier. Also, 14 OFDM symbols is considered as a baseline of scheduling time unit for NR as like the 3GPP LTE. Thus, it is reasonable to assume that the maximum TBS of NR is larger than that of the 3GPP LTE. Let F be scaling factor. Here, F can be obtained from the maximum number of subcarriers as F =2.75. Then, the maximum TBS of NR can be obtained by multiplying scaling factor F and the maximum TBS of the 3GPP LTE. The results are shown in Table 1. In Table 1,  denotes the maximum number of sub-carriers.

Table 1. Maximum TBS of the 3GPP LTE and scaled maximum TBS for NR
	MCS index
	Code rate
	Maximum TBS
	Scaled maximum TBS for  

	0
	0.1171875
	3112
	8558

	1
	0.15332031
	4008
	11022

	2
	0.18847656
	4968
	13662

	3
	0.24511719
	6456
	17754



Table 1 shows that the maximum TBS for code rates smaller than 1/3 is in a range from 8558 to 17754. It means that segmentation by BG2 can be applied for all MCS indices and the maximum number of CBs for a single TB is 5 for BG2 segmentation and 3 for BG1 segmentation when code rate is lower than 1/3.
Observation 1: For MCS levels lower than 1/3, the maximum TBS may be about 18000.
Based on observation 1, we evaluated TBLER (transport block error rate) for BG1 and BG2. TBLER denotes the probability that any CB in a single TB fails to decode at receiver. Also, TBS*=TBS+TB_CRC. The simulation environments are given in Appendix. 
We evaluated two extreme cases. The first case is TBS*=8448 where the gap between the numbers of CBs for BG1 and BG2 is maximized. The second case is TBS*=18240 where the gap between the numbers of CBs for BG1 and BG2 is minimized. When TBS*=8448, TB is not segmented. If BG1 is used, CB has the maximum length but, if BG2 is used, TB is segmented into 3 CBs. When TBS*=18240, TB is segmented into 3 CBs if BG1 is used and 5 CBs if BG2 is used. Thus, the first case is favorable for BG1 and the second case is favorable for BG2.
Figure 1~4 show the required SNRs to achieve the target TBLER of 0.1 and 0.01 when TBS*=8448 and 18240. In those figures, N_CB denotes the number of CBs per TB. Figure 1 and 2 respectively show the required SNRs to achieve the target TBLER of 0.1 and 0.01 when TBS*=8448. From figure 1 and 2, it can be seen that the crossing point of BG1 and BG2 is about 0.3(=18/60) code rate for target TBLER=0.1 and 17/60 code rate for target TBLER=0.01. Also, figure 1 shows that BG2 outperforms BG1 with 0.34dB SNR gap when code rate=1/5 and BG1 outperforms BG2 with 0.16dB SNR gap when code rate is 1/3. Figure 2 shows that BG2 outperforms BG1 with 0.29dB SNR gap when code rate=1/5 and BG1 outperforms BG2 with 0.20dB SNR gap when code rate is 1/3.
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Figure 1. Required SNR for target BLER=0.1 when TBS*=8448 (NCB=1 for BG1 and NCB=2 for BG2)
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Figure 2. Required SNR for target BLER= 0.01 when TBS*=8448 (NCB=1 for BG1 and NCB=2 for BG2) 

Observation 2: When TBS=8424, the crossing points of BG1 and BG2 are about 0.3 code rate and 0.28 code rate for target TBLER=0.1 and 0.01, respectively
Figure 3 and 4 respectively show the required SNRs to achieve the target TBLER of 0.1 and 0.01 when TBS*=18240. From figure 1 and 2, it can be seen that the crossing point of BG1 and BG2 is about 19/60 code rate for target TBLER=0.1 and 0.3 code rate for target TBLER=0.01. Also, figure 3 shows that BG2 outperforms BG1 with 0.41dB SNR gap when code rate=1/5 and BG1 outperforms BG2 with 0.08dB SNR gap when code rate is 1/3. Figure 2 shows that BG2 outperforms BG1 with 0.39dB SNR gap when code rate=1/5 and BG1 outperforms BG2 with 0.10dB SNR gap when code rate is 1/3.
Note: In figure 3 and 4, the slop of required SNR is changed when code rate is 1/4. This is because, for BG1, all information bits are transmitted twice with code rate ≤ 1/4 but only a part of information bits are transmitted with code rate > 1/4.
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Figure 3. Required SNR for target BLER=0.1 when TBS*=18240 (NCB=3 for BG1 and NCB=5 for BG2)
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Figure 4. Required SNR for target BLER= 0.01 when TBS*=18240 (NCB=3 for BG1 and NCB=5 for BG2)

Observation 3: When TBS=18216, the crossing points of BG1 and BG2 are about 0.32 code rate and 0.3 code rate for target TBLER=0.1 and 0.01, respectively.
Table 2 shows a summary of the above simulation results to determine the code rate threshold value. In addition to that, the code rate crossing points for TBS*=42240 are also included in Table 2 for the case when the scheduling time unit is larger than 14 OFMD symbols when sub-carrier spacing is large. Detailed simulation results for TBS*=42240 is given in Appendix.
In Table 2, the performance crossing points are around 0.3 code rate. The highest code rate is 19/60 when TBS*=18240 and target TBLER=0.1 and the lowest code rate is 17/60 when TBS*=8448 and target TBLER=0.01. Thus, we propose the code rate threshold value as 1/3, since 0.3 is very close to 1/3 and the performance gap between BG1 and BG2 at 1/3 code rate is not too big.
Table 2. Code rates where BG1 and BG2 has the equal required SNR.
	TBS*
	Target TBLER=0.1
	Target TBLER=0.01

	8448
	0.3
	17/60

	18240
	19/60
	0.3

	42240
	0.3
	0.3



Proposal 1: BG1 is used for segmentation with code rate Rinit > 1/3 and BG2 is used for segmentation with code rate Rinit ≤ 1/3.

3. Conclusion
In this contribution, we have the following observations and proposal:
Observation 1: For MCS levels lower than 1/3, the maximum TBS may be about 18000.
Observation 2: When TBS=8424, the crossing points of BG1 and BG2 are about 0.3 code rate and 0.28 code rate for target TBLER=0.1 and 0.01, respectively.
Observation 3: When TBS=18216, the crossing points of BG1 and BG2 are about 0.32 code rate and 0.3 code rate for target TBLER=0.1 and 0.01, respectively.
Proposal 1: BG1 is used for segmentation with code rate Rinit > 1/3 and BG2 is used for segmentation with code rate Rinit ≤ 1/3. 
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4. Reference
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5. Appendix
 Simulation parameters used in this contribution is as follows.
Table 2. Simulation environment
	Channel model
	AWGN

	Modulation
	QPSK

	Decoding method
	Standard flooding with sum product algorithm

	# of Iterations
	50



Figure 5 and 6 respectively show the required SNRs to achieve the target TBLER of 0.1 and 0.01 when TBS*=42240. From figure 1 and 2, it can be seen that the crossing points of BG1 and BG2 is about 0.3 code rate for target TBLER=0.1 and 0.01. Also, figure 3 shows that BG2 outperforms BG1 with 0.38dB SNR gap when code rate=1/5 and BG1 outperforms BG2 with 0.12dB SNR gap when code rate is 1/3. Figure 2 shows that BG2 outperforms BG1 with 0.35dB SNR gap when code rate=1/5 and BG1 outperforms BG2 with 0.15dB SNR gap when code rate is 1/3.
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Figure 5. Required SNR for target BLER=0.1 when TBS*=42240 (NCB=5 for BG1 and NCB=11 for BG2)
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Figure 6. Required SNR for target BLER=0.01 when TBS*=42240 (NCB=5 for BG1 and NCB=11 for BG2)
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