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1      Introduction
In RAN1#90 and last RAN1 Ad Hoc meeting, the remaining issues on CBG-based (re)transmission were discussed and following agreements were achieved [1][2].
Agreements in RAN1#NR3:
	· For a UE configured with CBG-based (re)transmission, the same DCI payload size is assumed for initial transmission and retransmission for the same TB(s)

· Note that this does not intend to address fallback DCI aspect

· L1 signalling to indicate the number of CBGs per TB is not supported in Rel-15


Agreements in RAN1#90:
	· At least for single CW case, at least support that the maximum number of CBGs per TB is indicated by RRC signalling

· FFS whether also support to indicate the number of CBGs per TB by L1 signaling
· For DL CBG-based (re)transmission,

· Following information can be separately configured to be included in the same DCI:

· Which CBG(s) is/are (re)transmitted.

· Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.

· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed

· For multiple CW cases, the following can be considered.

· Option 1. The gNB configures the maximum number of CBGs per TB.

· Each TB has the same maximum number of CBGs.

· Option 2. The gNB configures the maximum number of CBGs per TB.

· Each TB can be configured with different/same maximum number of CBGs.

· Note: the gNB configures two parameters on the maximum number of CBGs per TB to the UE.

· Option 3. The gNB configures the maximum number of CBGs to be shared by both CWs. 

· FFS: How to divide the total number of CBGs to two CWs
· For the purpose of further discussion, we conclude following:

· For the following discussion on CBG-based retransmission, define the terms CBGTI and CBGFI as below. 
· CBGTI (CBG transmission information) means information on which CBG(s) is/are (re)transmitted and, 
· CBGFI (CBG flushing out information) means information on which CBG(s) is/are handled differently for soft-buffer/HARQ combining

· For single CW case with CBG based retransmission for the semi-static codebook with HARQ-ACK multiplexing, at least following is supported for the HARQ-ACK composition and mapping per TB

· HARQ-ACK codebook includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s))
· At least followings are supported
· HARQ-ACK payload size is the same with the configured number of CBGs

· Each HARQ-ACK bit corresponds to each CBG
· FFS payload size reduction

· ACK is reported for a CBG if the same CBG has been successfully decoded

· FFS how to handle the case if TB CRC check is not passed while CB CRC check is passed for all the CBs


In this contribution, we discuss and present our views on remaining issues for CBG-based (re)transmission.
2      Discussion

· CBG construction of multiple CW cases
It has been agreed that, in NR Rel-15, the maximum number of CBGs per TB is indicated by RRC signalling. To support multiple CW cases, following options can be considered:
· Option 1. The gNB configures the maximum number of CBGs per TB. Each TB has the same maximum number of CBGs.

· Option 2. The gNB configures the maximum number of CBGs per TB. Each TB can be configured with different/same maximum number of CBGs.
· Option 3. The gNB configures the maximum number of CBGs to be shared by both CWs. FFS: How to divide the total number of CBGs to two CWs

Option 1 is the most simple and straightforward way extension from single CW to multiple CWs. For single CW, if the maximum number of CBGs is N, then up to 2N CBGs can be supported for two CWs. Multiple CWs may lead to a significant increase of overhead in DCI and HARQ-ACK feedback. When the transmission status for different CW is different. For instance, TB1 is a retransmission while TB2 is a new data transmission. Another case is that both TB1 and TB2 are new data transmissions but some CBGs in TB1 are preempted by URLLC traffic. The configuration of the same maximum number of CBGs of both TB1 and TB2 may restrict the flexibility of resource allocation. However, L1 signalling to indicate the number of CBGs per TB is not supported in Rel-15. The benefit of option 2 and 3 with RRC signalling which has relatively long periodicity may be marginal. Hence, Option 1 would be more suitable. 
Proposal 1: For multiple CW cases, option 1 that the gNB configures the maximum number of CBGs per TB and each TB has the same maximum number of CBGs should be supported.
· UE behavior of DL CBG-based transmission with CBGFI
For CBG-based (re)transmission, CBGTI (CBG transmission information) and CBGFI (CBG flushing out information) have been defined. A DCI includes both CBGTI and CBGFI or only CBGTI. For single CW case, when N is the maximum number of CBGs configured by RRC signalling, N bits are for CBGTI while the other 1 bit is for CBGFI. When URLLC preemption happens on the current CBG-based (re)transmission, 1bit information of CBGFI in DCI can indicate UE some CBGs of current receiving data have been punctured. However, UE cannot know which CBGs in the soft buffer should be flushed out. In the last meeting, an agreement that UE can be configured to monitor the group common DCI for DL preemption indication has been achieved. UE can acquire the preemption indication by monitoring group common PDCCH. If a preemption indication is detected along with the CBGFI by the UE, the indicated CBGs of the soft-buffer should be flushed out. If UE cannot successfully detect a corresponding preemption indication, probably due to the detection failure of the group common PDCCH, UE cannot differentiate which CBGs should be flushed out.
Proposal 2: UE can differentiate which CBGs should be flushed out by detection CBGFI in the UE specific PDCCH and the corresponding preemption indication by monitoring group common PDCCH.

· HARQ-ACK feedback

For single CW case with CBG based retransmission for the semi-static codebook with HARQ-ACK multiplexing, HARQ-ACK codebook includes HARQ-ACK corresponding to all the CBGs, including the non-scheduled CBG(s). To support TB-level HARQ-ACK, adding 1 bit upon CBG-level HARQ-ACK bits is more robust and reliable. However, it may waste PUCCH resource for most cases. When CB-level CRC(s) check is successful but TB-level CRC check fails, all NACK of CBG-level HARQ-ACK bits can be used which will be regarded as TB-level NACK. In addition, to support multiple CW cases, CBG-based HARQ-ACK feedback will result in high UCI overhead. Therefore, for HARQ-ACK feedback compression to reduce UCI overhead, TB-based HARQ-ACK fallback mechanism can be considered.

Proposal 3: Adding 1bit TB-level HARQ-ACK upon CBG-level HARQ-ACK bits is not supported.

Proposal 4: All NACK of CBG-level HARQ-ACK bits can be used as TB-level NACK.

Proposal 5: TB-based HARQ fallback mechanism can be considered for UCI overhead reduction.

3      Conclusions
In this contribution, we discuss open issues for CBG-based (re)transmission including CBG construction of multiple CW cases, UE behavior of DL CBG-based transmission with CBGFI and HARQ-ACK feedback. We have following proposals:  
Proposal 1: For multiple CW cases, option 1 that the gNB configures the maximum number of CBGs per TB and each TB has the same maximum number of CBGs should be supported.
Proposal 2: UE can differentiate which CBGs should be flushed out by detection CBGFI in the UE specific PDCCH and the corresponding preemption indication by monitoring group common PDCCH.

Proposal 3: Adding 1bit TB-level HARQ-ACK upon CBG-level HARQ-ACK bits is not supported.

Proposal 4: All NACK of CBG-level HARQ-ACK bits can be used as TB-level NACK.

Proposal 5: TB-based HARQ fallback mechanism can be considered for UCI overhead reduction.
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