[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]3GPP TSG RAN WG1 Meeting NR#3                        	                                                   R1-1715503
Nagoya, Japan, 18th – 21st September 2017

Agenda Item:	6.4.1.3
Source:	Huawei, HiSilicon
Title:	Code block segmentation for BG2
Document for:	Discussion and Decision

Introduction
In the RAN1#90 meeting, the following agreements on BG selection and corresponding segmentation method [1] were reached: 
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 discuss the remaining issues such as the value of Rinit. 
Impact of CB segmentation on TB-level performance
To segment TB into smaller CBs, the following factors should be considered:
1. Code length gain: If the CBS is smaller, the code length gain is reduced.
2. Code rate gain: Since the CBS matches the buffer size, a lower mother code rate is used for encoding, so that less repetition bits are sent. In this way code rate gain is obtained.
3. Segmentation loss: If the CBS is small, the number of CBs in one TB is larger. Thus, the required SNR for each CB is higher. 
Here we analyze the 3 factors above for Rinit = 1/3 and 1/5. 	
Code length and code rate gain
Fig.1 and Fig.2 show the required SNR of BG1 and BG2 targeted at BLER = 1e-2 and 1e-4, respectively. If we take 1e-2 as the working BLER, the required Es/N0 for BG2 and CBS = [1940~3840] for code rate 1/3 and 1/5 are [-1.38~-1.52] dB and [-4.05~-4.19] dB, respectively. For BG1, the possible CBS after segmentation is from 4224 to 8448, so the required Es/N0 for this range of CB sizes  is [-1.50~-1.62] dB for code rate 1/3. With the CC-HARQ gain if code rate is extended to 1/5, the required Es/N0 is [-3.72~-3.84] dB. 
If TBS is not large enough, it is possible that CBS of BG2-based segmentation is close to the min value while CBS of BG1-based segmentation is close to the max value. The possible max gain of BG1-based to BG2-based is (-1.38+1.62) = 0.24 dB gain for rate = 1/3 and (-4.05+3.84) = -0.21 dB gain for rate = 1/5. 
[bookmark: _GoBack]If TBS is large enough, CB sizes of BG1- or BG2-based segmentation are close to their own max value, the possible gain of BG1-based to BG2-based are 0.1 dB gain for rate = 1/3 and -0.35 dB for rate = 1/5.
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Figure 1 Required Es/N0 vs. information block length for BG2, code rate = 1/5
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[bookmark: _Ref492579154]Figure 2 Required Es/N0 vs. information block length for BG1 and BG2, code rate = 1/3
Segmentation loss
Typically the targeted BLER of TB (TBLER) is 1%~10%, and the target BLER of CB (CBLER) can be calculated by the following equation:

where C is the number of CB after segmentation. 
Assuming TBS varies from 8000 to 30000, the ratio of CBLER_BG2 to CLBER_BG1 is close to 0.5 as shown in Fig.3, which means that the targeted CLBER of BG2 based segmentation is one half of CBLER of BG1-based. By looking up SNR vs. BLER curves for BG2 (Fig.4), the segmentation loss varies from 0.05 dB  to  0.08 dB for CBS from 3840 to 1920. 
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Figure 3 Ratio of CBLER_BG2 to CLBER_BG1
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Figure 4 SNR vs BLER of BG2, rate 1/5 and length from 3840 to 1920

By taking into account the above factors, the final gain of BG1-based segmentation to BG2-based segmentation is about 0.32~0.15 dB for rate 1/3, and -0.13~ -0.3 dB for rate 1/5 and lower rate (where only CC-HAQR gain for both BGs). Considering the additional complexity of BG2-based segmentation and the impact on TBS design, Rinit = 1/5 seems to be a better choice. 
Proposal 1: Rinit = 1/5.  

Determination of code rates for initial transmission
In the above section we discussed the usage scenarios of two BGs based on the threshold of CBS and code rate. Another remaining issue is that the code rate is slightly variable due to the actual physical resource allocation, even though TBS and MCS are fixed. Such variations can impact the choice of which base graph to use when the actual code rate is close to the switching code rate threshold. This may lead to ambiguity on which base graph is used between UE and gNB, and would require additional efforts at both UE and gNB sides to resolve it. Since the final code rate is approximately determined by MCS and the CBS is known once the TBS is assigned, one simple way to avoid such ambiguity is to use MCS and TBS together to indicate which BG should be used.
Proposal 2: Usage of BG1 or BG2 is indicated by MCS level and TBS.
 
Conclusions
This contribution analyzes the remaining issues of NR LDPC code for eMBB, and presents the following proposals: 
Proposal 1: Rinit = 1/5.  
Proposal 2: Usage of BG1 or BG2 is indicated by MCS level and TBS. 
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