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1. Introduction

In RAN1#88 meeting, the following working assumption was made on HARQ operation for NR in terms of introducing CB group based retransmission and HARQ-ACK feedback [1].
	Working assumption:

· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:

· Only allow CBG based (re)-transmission for the same TB of a HARQ process

· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB

· CBG can include one CB
· CBG granularity is configurable


In order to estimate on potential DCI/UCI overhead, HARQ operation reliability, DL/UL resource efficiency, and standard efforts involved with this kind of CB group (i.e., CBG) based HARQ operation in NR, it is required to discuss first on the enabling of CBG based HARQ, CBG level retransmission scheduling, and CBG structure in gNB (DL data scheduling) side and in UE (HARQ-ACK feedback) side. 
2. Discussion

· Enabling CBG based HARQ operation
Support of larger TBS on wider carrier bandwidth and potential eMBB data puncturing by sudden URLLC data are being considered as main motivation to introduce CBG based HARQ operation (by CBG level retransmission scheduling and CBG level HARQ-ACK feedback) in NR. Nevertheless, conventional TB based HARQ operation (by TB level retransmission scheduling and TB level HARQ-ACK feedback) is to be considered as default UE operation at least for initial access period before RRC connection, fall-back situation including UL (PUCCH) coverage limitation, narrowband UE operation configured by gNB, and small number of URLLC configured UEs (in NW). For this reason, it seems to be straightforward that CBG based HARQ operation is enabled with semi-static configuration by higher-layer signalling (e.g. RRC). With configuration of this CBG based HARQ operation, HARQ-ACK feedback corresponding to DL data reception is composed by CBG level. 
· CBG level retransmission scheduling
Regarding CBG level retransmission in terms of (scheduled) CBG indication in DL data scheduling DCI, following two options can be considered according to composition of DCI field.
● Opt 1: CBG indication field is always in DCI without TB/CBG switching
With this option, CBG indication field to indicate scheduled CBG index is inserted (and always present) in DL scheduling DCI in case when CBG based operation is configured. Given that, switching between TB level (initial) transmission and CBG level (re) transmission is done based on CBG indication, for example, according to whether all the CBGs are scheduled or only part of CBGs is scheduled. 
● Opt 2: Some field(s) in DCI is reinterpreted by TB/CBG switching

With this option, first of all, TB level (initial) transmission and CBG level (re) transmission are switched by explicit manner (e.g. by 1-bit flag in DCI or by CRC on PDCCH) or implicit manner (e.g. according to whether NDI is toggled), then CBG indication field is present only in case when CBG level scheduling is selected. For this, some field(s) in the original TB level scheduling DCI (e.g. MCS and/or RA) is to be reinterpreted as the CBG indication information in case when CBG level scheduling is selected, with assumption that TBS is provided to the UE in advance by TB level scheduling DCI. Furthermore, the CBG indication information can be delivered by explicit manner (e.g. as a field via DCI) and/or by implicit manner (e.g. by the CRC on CBs). 
Based on the above options, it is necessary to discuss on actual method for CBG level retransmission scheduling with consideration of DCI overhead and DCI reinterpretation. 
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· CBG structure in gNB and in UE side
Regarding CBG set from DL data scheduling (gNB) perspective in terms of total number of CBGs within the set and size of each CBG (e.g. amount of CBs per CBG), following two options can be considered according to variation of CBG set (e.g. granularity of CBG) for TB retransmission.
● Opt 1-1: CBG set is fixed during HARQ process

With this option, CBG set for the retransmission scheduling of (part of) a TB is fixed (i.e., not changed) at least during HARQ process for the same TB, and given that, all or part of CBGs within the same CBG set can be indicated/scheduled for the retransmission of the TB. In this case, CBG set can be predefined, for example, according to TBS, or configured by higher-layer signalling (e.g. RRC), or indicated by the DCI to schedule initial transmission of DL data. 
● Opt 1-2: CBG set can be changed during HARQ process

With this option, CBG set (e.g. granularity of CBG) for the retransmission scheduling of a TB can be changed during HARQ process for the same TB, and then, all or part of CBGs within the updated CBG set can be indicated/scheduled for the retransmission of the TB. In this case, it can be considered that the updated CBG set (i.e., all the CBGs within the set) is to be always the same with entire TB or can be reduced into a part of TB (e.g. according to HARQ-ACK feedback from UE).
Correspondingly, regarding CBG set from HARQ-ACK feedback (UE) perspective, following two options can be considered according to CBG set for the composition of HARQ-ACK payload (e.g. whether the CBG set is aligned with that in the scheduling (gNB) side).
● Opt 2-1: HARQ-ACK payload is composed for the CBG set used in the scheduling
With this option, HARQ-ACK payload in UE side is composed based on the CBG set used in DL data scheduling (gNB) side, and it means that the CBG set is aligned between DL data scheduling (in gNB) and HARQ-ACK payload composition (in UE). Considering combination with the above options, HARQ-ACK payload and its size can be fixed (i.e., not changed) during HARQ process in case with Opt 1-1, or can be varied during HARQ process in case with Opt 1-2. 
● Opt 2-2: HARQ-ACK payload is composed only for the scheduled CBGs
With this option, HARQ-ACK payload is composed only for the scheduled CBGs which can be subset of entire CBG set used in DL data scheduling, and it means that the CBG set is not aligned between DL data scheduling and HARQ-ACK payload composition. Considering adjustment on the size of CBG and HARQ-ACK payload, HARQ-ACK payload size can be reduced by keeping CBG size used in the scheduling, while CBG size can be reduced by keeping HARQ-ACK payload size. 

Based on the above options and the relevant observations, it is necessary to discuss on actual method for the composition of CBG set used in DL data scheduling (gNB) side and in HARQ-ACK feedback (UE) side, with consideration of HARQ reliability and resource efficiency. 
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Figure 2
3. Conclusion
In this contribution, we discussed on potential CBG based HARQ operation in NR, and the following is proposed: 
Proposal: In order to estimate on potential DCI/UCI overhead, HARQ operation reliability, DL/UL resource efficiency, and standard efforts involved with CBG based HARQ operation in NR, it is required to discuss first on the enabling of CBG based HARQ, CBG level retransmission scheduling, and CBG structure in gNB and UE side.
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