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1 	Introduction
In Ran1 #90bis, the following discussion was carried out on the base graph (BG) determination at the UE [1]. 
Question: How to determine the BG of the initial transmission, including when segmentation with BG2 is applied? 

Problem: How to let the receiver identify the BG on a retransmission when the MCS is changed such that the BG selection would differ from the initial transmission when initial PDCCH assignment is missed, followed by DTX->NACK error? 
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 discuss the remaining aspects particularly highlighting the BG determination at the receiver.  
2.    Discussion
The use of BGs in LDPC was agreed as follows. First, in Ran1 NR AH#2 [2], 
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. 

Later, in Ran1 #90, X and Y were agreed to be 3840 and 0.67, respectively. Another agreement in Ran1 #90bis for short block size region restricted the use of BG#1, which is [1],  

Agreement: 
For block lengths K≤308:
· BG2 is used for all code rates
Furthermore, CB segmentation with BG#2 was agreed as follows [1]. 
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. 
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We summarize the agreements of use of BGs as follows. 
· Base graph #2 is used for the initial transmission and subsequent re-transmissions of the same TB when
· TBS <= 308 and all initial transmissions code rates
· TBS + 16 <= 324 (CBS = TBS + 16)
· 308 < TBS <= 3824 and initial transmissions with code rate Rinit <= 2/3
· 324 < TBS + 16 <= 3840 (CBS = TBS + 16)
· TBS >= 3824 and initial transmissions with code rate Rinit <= ¼
· CBS + 24 <= 3840 (CB segmentation with 24 CRC per CB)
· Base graph #1 is used for the initial transmission and subsequent re-transmissions of the same TB when
· 308 < TBS <= 3824 and initial transmissions with code rate Rinit > 2/3
· 324 < TBS + 16 <= 3840 (CBS = TBS + 16)
· TBS > 3824 and initial transmissions with code rate Rinit > 1/4
· 3848 < CBS + 24 <= 8448 (CB segmentation with 24 CRC per CB)

It is visible that the use of the base graph is not a simple combination and creates certain concerns if the base graph determination procedure is not defined well. Also, the definition of the initial transmissions with code rate Rinit also not defined with all the details. The agreement on Rinit is as follows, 

Agreement: 
1. Alt 2 (Modified): 
–      Rinit is the effective code rate at initial transmission of the transport block, taking into account: 
(a)    the nominal code rate, as signaled in or derived based on control information, where the control information is used to schedule the initial transmission of the transport block; and 
  FFS: details of how the nominal code rate is obtained from the control information 
(b)   LBRM (if applied) 
· Rinit is applied to previous agreements on BG selection, and reflected in TS38.212.

In MIMO discussions, Ran1 agreed that target code rate will be used in MCS table [1]. 
Agreement
The following fields are used in defining the MCS table: 
MCS index and a corresponding modulation order and target code rate x [1024]

The above agreement provides a simple solution for the nominal code rate as it can be similar to the target code rate. The variation of the target code rate and the effective code rate (considering CRC overhead, rate matching, and other overhead) will not be significantly different as we use target code rate in the TBS determination process. 
Proposal 1: Nominal code rate of the initial transmission of the transport block is determined from the MCS index of the DCI and it is equal to the target code rate given by the MCS index. 
Next, it is important to discuss the BG determination procedure, especially focusing on the capability of the decoding the retransmitted TB when the DCI in the initial transmission is missed. This is also related to the agreement made in Ran1 #90bis, where Ran1 agreed that the TBS should be able determined for every re-transmission.  
Agreements:
· For every TB-level (re-)transmission, the UE is able to determine the TB size from the DCI information in that transmission only

As discussed in [3], satisfying the above is not simple considering the formula based TBS determination method agreed in Ran1. Some flexibility in selecting different (#PRB, MCS) combinations are required to satisfy the above agreement. The problem is how the receiver identify the BG on a retransmission when the good flexibility is allowed on (#PRB, MCS) in the retransmissions. In such cases, the UE can determine the TBS based on the DCI, but BG cannot be selected based on the target code rate. 
This can be further explained as follows by considering two possibilities at the UE side.  
•	PDCCH decoding fails for the initial transmission, and the gNB receives NACK without any error.
· Retransmission can be scheduled with any RV. Depending on the RV that gNB is transmitting, another transmission may be required (because the first transmission is not usable in the soft combining and not all RVs are self-decodable). But, this is not the scope of this discussion. 
· gNB should make sure that same TBS can be determined at the UE side. 
· This may require several other combinations of MCS, #PRB to provide the same TBS  
· If the BG is determined by the MCS or any other implicit way, it further limits MCS fields and may restrict the gNB to schedule the transmission. 
•	PDSCH decoding fails for the initial transmission, and gNB receives NACK without any error. 
· Retransmission can be any RV. Better chances of recovering the message with soft combining. 
· gNB make sure that same TBS can be determined at the UE side. 
· TBS may not be determined again by the UE. 
· Assuming the worst case, scheduler is still restricted by choosing the limited options of MCS, #PRB to provide the same TBS.   
· If the BG is determined by the MCS or any other implicit way, it further limits MCS fields and may restrict the gNB to schedule the transmission. 
Also, considering the scheduler has to do this for multiple UEs depending on the traffic requirements, the gNB losses the flexibility of scheduling the retransmissions. Figure 1 shows the distribution of base graph in the case that MCS field is used to determine the BG. We do not have this concern for in LTE, where eNB is capable of selecting many other (#PRB, MCS) combinations without worrying about the exact impact of the decoder base graphs. 
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Figure 1: Distribution of the use of BG#2 depends on the code rate. 
Observation 1: Implicit indication of BG (from MCS index of the DCI) restricts the gNB to retransmit the same TBS. 

Therefore, to provide the TBS for retransmissions, we should at least provide some flexibility to the gNB scheduler to pick the retransmitting (#PRB, MCS), and use a more robust method to indicate the base graph. The explicit indication simplifies the concern as the gNB gets some flexibility to find some other (#PRB, MCS) combination. 

Proposal 2: The BG is determined based on the explicit indication in DCI. 
3 	Conclusions
In this contribution, we discuss the remaining details of base graph determination. We have following observation and proposals.  
Observation 1: Implicit indication of BG (from MCS index of the DCI) restricts the gNB to retransmit the same TBS. 
Proposal 1: Nominal code rate of the initial transmission of the transport block is determined from the MCS index of the DCI and it is equal to the target code rate given by the MCS index. 
[bookmark: _GoBack]Proposal 2: The BG is determined based on the explicit indication in DCI. 
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