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1. Introduction
In RAN1#88bis meetings, following agreements were made regarding CBG-based retransmission and pre-emption indicator [1]:
	Agreements:
· Confirm the working assumption as below.
· 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
Agreements:
· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.
· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.
Agreements:
· For grouping CB(s) into CBG(s), the following options can be considered.
· Option 1: With configured number of CBGs, the number of CBs in a CBG changes according to TBS.
· FFS for the case of re-transmission or the case when the number of CBs is smaller than the configured number of CBGs
· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.
· Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.
· FFS: for the case of re-transmission
· FFS on details of each option
· FFS: CBG is approximately aligned with symbol(s)
· Other options are not precluded
Agreements:
· No new physical channel specific for indication of DL resources being preempted by another DL transmission is introduced 
· FFS whether the indication is based on NR-PDCCH or a group common PDCCH
· FFS location of the indication
· FFS timing of the indication


In this contribution, we provide our views on scheduling mechanism for CBG-based retransmission to recover DL resources pre-empted by another DL transmission. Furthermore, we compare CBG-based retransmission for pre-emption recovery and other use cases. 

2. Coexistence between DCI scheduling TB-based transmission and CBG-based retransmission
Considering multiple HARQ process, UE may need to monitor both DCI scheduling initial transmission and DCI scheduling retransmission for different HARQ process numbers. In case, when CBG-based retransmission is configured, UE would perform blind decoding attempts for DCI scheduling TB-based transmission and DCI scheduling CBG-based retransmission in the same time. If the total payload size of DCI scheduling CBG-based retransmission can be dynamically changed slot by slot, UE may need to perform excessive number of BD attempts for various DCI sizes for CBG-based retransmission. In this point of view, at least, it is necessary that the DCI size for CBG-based retransmission needs to be constant regardless of TBS selection across multiple HARQ processes. This implies that if the total number of CBGs changes according to TBS, the maximum number is assumed for CBG-retransmission DCI or the number of CBGs does not change based on TBS. 
Proposal 1: Total payload size of DCI scheduling CBG-based retransmission will not be dynamically changed regardless of TB size of initial transmission. 
Similarly, when the DCI size for TB-based transmission and CBG-based retransmission have different value, it may cause increase on total BD attempts or restriction on scheduling flexibility on PDCCH transmission. For instance, the number of PDCCH candidates for TB-based transmission may need to be reduced when CBG-based retransmission is configured to make the overall number of BD attempts small enough. In that point of view, it can be considered that DCI sizes for TB-based transmission and CBG-based retransmission are set to be the same. If dynamic configuration of DCI size is supported in NR, different DCI size can be supported for DCI scheduling TB-based transmission and DCI scheduling CBG-based retransmission.
Proposal 2: It can be considered that DCI scheduling TB-based transmission and CBG-based retransmission have the same payload size. 
DCI scheduling CBG-based retransmission needs to indicate which CBG(s) will be retransmitted. Considering scheduling flexibility of CBG-based retransmission, the size of CBG indicator field needs to be large enough. In case, when DCI scheduling CBG-based retransmission has the same payload size compared to DCI scheduling TB-based transmission, it would be necessary to consider size reduction on other DCI field such as resource allocation field, MCS field, and/or NDI field. For instance, if resource allocation field size and MCS field are reduced to add CBG-indicator field, flexibility on resource allocation would be restricted. 
Proposal 3: It is necessary to carefully investigate how to add CBG indicator field and whether or how to reduce other DCI field size. 

3. CBG-based retransmission for different use cases
First of all, CBG-based retransmission is motivated by large TBS support. To be specific, when the TB size is extremely large, it could be more frequently happened that UE fails to decode small portion of CBs only. In case, it would be beneficial in terms of resource efficiency to perform retransmission only for small number of CBs rather than retransmission of whole TB. Another motivation of CBG-based retransmission is that when on-going DL transmission is pre-empted by another DL transmission, only pre-empted parts of PDSCH needs to be transmitted. In this case, only impacted CB(s) could be retransmitted. 
Depending on the use cases of CBG-based retransmission, UE behaviour and/or detailed scheduling method could be different. To be specific, for pre-emption recovery, it would be necessary to define how to indicate which coded bits stored in a soft buffer need to be removed or cleared. On the other hand, for other use cases, UE may try to combine received coded bits from retransmission with coded bits stored in a soft buffer. In this case, it can be considered to introduce buffer clearing indicator per CBG. It may increase DCI signalling overhead even for the other use cases of CBG-based retransmission. Alternatively, buffer clearing indicator can be introduced per multiple CBG or TB, but it may cause performance degradation due to the loss of chase combing gain. Instead, it can be considered that the corrupted coded bits stored in a soft buffer are implicitly indicated. For instance, when UE receives DCI scheduling CBG-based retransmission before HARQ-ACK feedback of the initial transmission, UE may assume that the indicated CBG in DCI will be replaced by received CBGs in the retransmission. However, in this case, it will restrict gNB implementation. To be specific, CBG-based retransmission for pre-emption recovery may need to be scheduled within a certain window (e.g. before HARQ-ACK feedback of the initial transmission), and/or CBG-based retransmission will be used either pre-emption recovery or decoding failure recovery. Considering DCI signalling overhead and scheduling flexibility, it can be taken into account that pre-emption indicator is separately sent by gNB from DCI scheduling CBG-based retransmission. In case, UE may extract corrupted coded bits stored in a soft buffer based on detected pre-emption indicator, and CBG-based retransmission will be used for pre-emption recovery. 
Proposal 4: It is necessary to study how to indicate which coded bits stored in a soft buffer need to be removed or cleared. 
During the retransmission, the value of redundancy version (RV) could be changed for possible incremental redundancy (IR) or chase combining. In general, for non-pre-empted parts of PDSCH, IR would be beneficial in terms of channel coding gain. On the other hand, for pre-empted parts of PDSCH, it would be better to use the same RV compared to the previous transmission with impacted resources. In case, it can be considered to introduce RV field for each CBG, but it will cause excessive DCI signalling overhead. In a similar manner of buffer clearing indication, pre-emption indication can be separately sent by gNB. In this case, UE may assume that different RV can be applied to CBG associated impacted resources indicated by pre-emption indication. 
Proposal 5: It can be considered that different RV is applied to CBG depending on whether CBG is (partially) pre-empted by another DL transmission or not in the previous transmission for the same TB. 
Proposal 6: Contents and/or size of DCI scheduling CBG-based retransmission is the same for all the use cases. 
Proposal 7: Pre-emption indication can be separately sent by gNB from DCI scheduling CBG-based retransmission. 

4. Conclusion
In this contribution, we discuss scheduling mechanism for CBG-based retransmission for pre-emption recovery. Our proposals are as follows:
Proposal 1: Total payload size of DCI scheduling CBG-based retransmission will not be dynamically changed regardless of TB size of initial transmission. 
Proposal 2: It can be considered that DCI scheduling TB-based transmission and CBG-based retransmission have the same payload size. 
Proposal 3: It is necessary to carefully investigate how to add CBG indicator field and whether or how to reduce other DCI field size. 
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Proposal 5: It can be considered that different RV is applied to CBG depending on whether CBG is (partially) pre-empted by another DL transmission or not in the previous transmission for the same TB. 
Proposal 6: Contents and/or size of DCI scheduling CBG-based retransmission is the same for all the use cases. 
Proposal 7: Pre-emption indication can be separately sent by gNB from DCI scheduling CBG-based retransmission. 
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