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1. Introduction

In RAN1 NR AH#2 meeting, following agreements were made on CBG based HARQ retransmission in terms of scheduling and grouping of CBG [1]. 
	Agreements:

· When uplink CBG-based (re)transmission is configured, the UL grant indicates which CBG(s) of a TB is/are retransmitted
Working assumption:
· For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).
Agreements:
· For CBG-based (re)transmission, the DCI scheduling CBG-based (re)transmission carries single RV field for the transport block. 


In this contribution, we discuss and provide our views on the CBG based HARQ retransmission for NR, in terms of CBG retransmission scheduling and associated indication via DCI. 

2. Discussion

· 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). 
In addition, in case when subset of CBGs is indicated to be retransmitted by DCI in Option 1 or in case when CBG level scheduling is selected (e.g. by 1-bit flag) in Option 2, it can be considered as the retransmission without referring the NDI. Thus, the NDI in such case could be used for other purpose, for example, retransmitted CBG indication or buffer flush indication. 
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. 
Proposal 1: It is necessary to consider on actual method for CBG level retransmission scheduling with consideration of DCI overhead and DCI reinterpretation.
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Figure 1
On the above DCI signalling issue, there was an email discussion after RAN1 NR AH#2 meeting for the purpose of summarizing possible options (and considering for down selection), and consequently, the following agreement was made. 

	Agreements:

· For DL CBG-based (re)transmission, when information on which CBG(s) is/are (re)transmitted is configured to be included in the DCI, the following options are considered for down-selection in RAN#90.

· Option 1. TB-level NDI is jointly encoded with the information on which CBG(s) is/are (re)transmitted 

· Option 2. There is separate 1-bit bit-field for TB-level NDI.

· Option 3. TB-level NDI can be differently interpreted according to whether all CBGs of a TB is transmitted.


In case of Option 1, DCI overhead would be increased since the field to indicate the retransmitted CBGs needs to be always present in the DCI, regardless of whether all or part of CBGs are scheduled. Beside, considering the case that DCI for new data scheduling is missed by UE, but subsequent CBG retransmission is scheduled by gNB, Option 1 would cause potential misalignment between UE and gNB on whether the scheduled data is new data or not. For these reasons, Option 2 or Option 3 is preferred with consideration of both DCI overhead and HARQ reliability.
Proposal 2: For DCI signalling in terms of NDI and retransmitted CBG indication, Option 2 (separate NDI field) and/or Option 3 (reinterpretation of NDI field) is preferred. 
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: 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 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).
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 with consideration of HARQ reliability and resource efficiency. 
Proposal 3: It is necessary to consider on actual method for the composition of CBG set used in DL data scheduling (gNB) side with consideration of HARQ reliability and resource efficiency.
· CBG associated indication via DCI
In case of CBG associated indication relevant to HARQ combining handling (so called HARQ combining handling indication), following options can be considered according to composition of DCI field. 
● Opt 1: HARQ combining handling indication field per CBG is present 
With this option, scheduled CBGs may be handled differently in terms of soft-buffer/HARQ combining behaviour. To be specific, some portion of received CBGs will replace CBGs stored in a soft-buffer while other received CBGs will be combined with CBGs stored in a soft-buffer. It seems more flexible in terms of scheduling, but DCI overhead could be excessively large. 
● Opt 2: HARQ combining handling indication field per DCI is present 

With this option, all the scheduled CBGs may be handled consistently in terms of soft-buffer/HARQ combining handling by using 1-bit indicator together with CBG indication field for scheduling CBG-based (re)transmission. In this case, scheduling flexibility in terms of CBG selection could be restricted, or some portion of indicated CBGs unnecessarily would be flushed in a soft-buffer. 
● Opt 3: HARQ combining handling indication is implicitly known to UE

With this option, HARQ combining handling for indicated CBGs will be determined based on the transmission timing of PDCCH/PDSCH without any additional explicit indication field. To be specific, if the CBG-based retransmission is sent before HARQ-ACK feedback associated with its initial transmission, HARQ combining may not be performed for the indicated CBGs. Otherwise, if the CBG-based retransmission is sent after HARQ-ACK feedback associated with its initial transmission, HARQ combining will be performed for the indicated CBGs. 
Proposal 4: It is necessary to consider the CBG associated indication relevant to HARQ combining handling and the composition of DCI field.
3. Conclusion
In this contribution, we discussed on CBG retransmission scheduling, CBG structure in gNB/UE side, and associated indication for CBG based HARQ retransmission in NR, and the followings are proposed: 
Proposal 1: It is necessary to consider on actual method for CBG level retransmission scheduling with consideration of DCI overhead and DCI reinterpretation.
Proposal 2: For DCI signalling in terms of NDI and retransmitted CBG indication, Option 2 (separate NDI field) and/or Option 3 (reinterpretation of NDI field) is preferred.
Proposal 3: It is necessary to consider on actual method for the composition of CBG set used in DL data scheduling (gNB) side with consideration of HARQ reliability and resource efficiency.
Proposal 4: It is necessary to consider the CBG associated indication relevant to HARQ combining handling and the composition of DCI field.
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