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Introduction
In the RAN1#90bis meeting the following working assumption of the usage scenarios of the two BGs were reached [1]: 
Agreement: 
For block lengths K≤308:
· BG2 is used for all code rates

Agreement: 
The first Working Assumption from RAN1#90 AI 6.1.4.1.2 and the first Working Assumption from NR AH#3 AI 6.4.1.3 are combined and agreed as modified below:
· 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
· TBS determination for all code rates shall ensure that no zero padding is necessary with BG1 segmentation; TBS determination shall also strive to achieve no zero padding also with BG2 segmentation; any special cases are only permitted for BG2. 
· If needed for BG2 segmentation, zero padding is added during segmentation, with the padding being placed at the beginning of the first code block prior to CB-CRC calculation; padding bits are transmitted. 

Options:
· Alt 1: Explicit indication of BG in DCI 
· Most robust solution, fixes all error cases
· But increases overhead
· LG, ZTE, Nok, Fuji, CATT,  MTK
· Alt 2: Determine TBS and BG from MCS field in DCI, and either:
· Intel, Sams, DCM, Eri, QC, HW, 
· a) apply additional* restrictions to the MCS set of all retransmissions to ensure that the TBS calculation results in the same BG selection as for the initial transmission
· b) enable TBS and BG to be derived from the MCS field unambiguously for both initial and retransmissions, without additional* restrictions on the MCS set for retransmissions
* additional meaning on top of the restrictions that would anyway apply if the BG was explicitly known. 
Study the above further until RAN1#91. 

In this contribution we further discuss the method to indicate which base graph should be used. 
Determination of code rates for initial transmission
According to the agreements in past meetings, the usages of the two base graphs can be expressed as in Fig. 1. Unlike LTE turbo codes, the current design of NR LDPC codes has three code rate thresholds for BG switching with respect to TBS (including TB-CRC).  For TBS including TB-CRC smaller than or equal to 308 bits, BG2 is applied for all rates. For TBS between 308 and 3840 bits the code rate threshold is 2/3 while for TBS larger than 3840, the code rate threshold is 1/4.
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[bookmark: _Ref489539273]Figure 1 BG selection in terms of coding rate and TBS
A 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 the base graph to be used when the actual code rate is close to the threshold. This may lead to ambiguity between UE and gNB about which base graph is used, and it 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 1: The usage of BG1 and BG2 is indicated by MCS level and TBS in the initial transmission. 
As discussed in last meeting, if a UE failed to receive the DCI of initial transmission, and the feedback DTX is erroneously decoded as “NACK”, gNB may adjust MCS level (coding rate) and retransmit. UE would consider this retransmission as the initial transmission and use current MCS level and TBS to determine the BG for encoding. If the new MCS and TBS would result in the other BG, UE is not able to decode this retransmission correctly. Several methods are proposed to solve this problem, e.g., 1-bit indication in DCI (alt.1), restricting the MCS range of retransmission (alt.2-a) or indication by MCS (alt.2-b).
In our understanding, the above problem happens with a very limited probability, and only when the following conditions are fulfilled:
· DCI is missed in 1st transmission
· DTX is incorrectly received as NACK
· MCS in retransmission is adjusted that UE cannot recognize the original BG
· RV index is 0 in retransmission. Note if RV index is among [1,2,3], UE can understand this is a retransmission, and feedback DTX to refuse further retransmissions. 
Therefore, we propose to adopt alt.2-a, which can be simply operated by the scheduler. 
Proposal 2: Alt 2.a should be adopted so that the MCS set of all retransmissions is restricted to ensure that the TBS calculation results in the same BG selection as for the initial transmission.

Conclusions
This contribution describes the remaining issues of NR LDPC code for eMBB. The following conclusions are presented: 
Proposal 1: The usage of BG1 and BG2 is indicated by MCS level and TBS in the initial transmission. 
Proposal 2: Alt 2.a should be adopted so that the MCS set of all retransmissions is restricted to ensure that the TBS calculation results in the same BG selection as for the initial transmission.
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