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1. Introduction & Background
In RAN1#90 meeting, CB-group (CBG) based (re)transmission was discussed and following agreements were achieved in [1].
	Agreements:
· At least for single CW case, at least support that the maximum number of CBGs per TB is indicated by RRC signaling
· FFS whether also support to indicate the number of CBGs per TB by L1 signaling
Agreements:
· 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

· At least following is supported for DL CBG-based (re)transmission.

· A DCI includes both CBGTI and CBGFI.
· For single CW case, when N is the maximum number of CBGs configured by RRC
· N bits for CBGTI, and the other 1 bit for CBGFI
· FFS: whether re-interpret NDI as CBGFI

· FFS: whether CBGTI is re-interpreted as NDI 

· FFS: whether jointly using other field as CBGTI or CBGFI

· FFS on multiple CW case.
· At least following is supported for DL and UL CBG-based (re)transmission.

· A DCI includes CBGTI.
· For single CW case, N bits for CBGTI as configured by RRC
· FFS: whether CBGTI is re-interpreted as NDI 

· FFS: whether NDI is re-interpreted as CBGTI

· FFS: whether jointly using other field as CBGTI

· FFS on multiple CW case
Agreements:
· 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 share our view on the remaining issues of CBG based (re)transmission. This contribution is revised from R1-1712864.
2. Discussion
· HARQ-ACK for CBG-based transmission

According the agreements, for single CW case maximum number of CBGs is indicated by RRC signaling. Therefore, the number of CBGs is configured in a semi-static manner. It was also agreed that the bits of HARQ-ACK for the corresponding CBGs is the same as the configured number of CBGs, i.e. the number of HARQ-ACK can be equal to the indicated number of CBGs. In result, semi-static HARQ-ACK codebook size is achieved for CBG (re)transmission. Although there may be redundant signaling when feeding back HARQ-ACK, misunderstanding between gNB and UE can be avoided when NACK-to-ACK error happens. 
If number of CBGs can be indicated by L1 signaling, various number of CBGs can be achieved according to the actual TBS. It is more flexible for indication by L1 signaling at a cost of extra information bits compared to that fixed by RRC signaling. With dynamic indication of CBGs, the number of HARQ-ACK can be dynamic since the actual number of CBGs could be changed. Therefore, it may be beneficial for HARQ-ACK feedback overhead reduction. However, error case for dynamic HARQ-ACK bits should be taken account. When NACK-to-ACK error happens, gNG would not retransmit the corresponding CBG(s). If UE feeds back HARQ-ACK only according to the retransmitted CBG(s), it will cause misunderstanding between gNB and UE. The false CBG(s) cannot be corrected until RLC retransmission, which results in considerable delay. 
Proposal 1: In case of L1 signaling for indication of number of CBG(s), error case for dynamic HARQ-ACK bits should be taken account.
One possible solution is to add 1 bit as TB-level HARQ-ACK to indicate the CRC check of TB. Whether TB level HARQ-ACK is needed or not for CBG (re)transmission depends on the CBG CRC design. If false alarm of CB level CRC is negligible, using all NACK of CBG-level HARQ-ACK to indicate TB level NACK is reasonable. If false alarm of CB level CRC is not reliable enough, to indicate additionally TB-level HARQ-ACK should be considered. For 1 bit additional for TB level HARQ-ACK, it may be not efficient since false CRC alarm happens with in low probability when semi-static HARQ-ACK codebook size is used. For dynamic HARQ-ACK codebook size, TB level HARQ-ACK is helpful to avoid misunderstanding between gNB and UE when NACK-to-ACK error happens. 

Proposal 2: If false alarm of CB level CRC is not reliable enough, to indicate additionally TB-level HARQ-ACK should be considered.
Proposal 3: For semi-static HARQ-ACK codebook size, using all NACK of CBG-level HARQ-ACK to indicate TB level NACK is preferred.
Proposal 4: If dynamic HARQ-ACK codebook size is supported, 1 bit for TB-level HARQ-ACK can be used to solve NACK-to-ACK error.
· DL signalling for CBG (re)transmission

A DCI including CBGTI and CBGFI is supported to schedule a DL CBG-based (re)transmission. In the DCI, N bits as the configured maximum number of CBGs by RRC is used for CBGTI. In addition, another 1 bit is used for CBGFI. If number of CBG is large, the signalling overhead of DCI for CBG (re)transmission is considerable. Re-interpreting some existing fields as CBGTI or CBGFI in DCI for CBG-based (re)transmission can be considered. For example, if 1-bit NDI is supported for CBG-based (re)transmission, the NDI can be re-interpreted as CBGFI. 
A DCI including CBGTI and no CBGFI is also supported for CBG-based (re)transmission. N bits as the configured maximum number of CBGs by RRC is used for CBGTI. 
3. Conclusion
In this document, we discuss the remaining issues for CBG-based (re)transmission. The proposals are summarized as follows:
Proposal 1: In case of L1 signaling for indication of number of CBG(s), error case for dynamic HARQ-ACK bits should be taken account.
Proposal 2: If false alarm of CB level CRC is not reliable enough, to indicate additionally TB-level HARQ-ACK should be considered.
Proposal 3: For semi-static HARQ-ACK codebook size, using all NACK of CBG-level HARQ-ACK to indicate TB level NACK is preferred.
Proposal 4: If dynamic HARQ-ACK codebook size is supported, 1 bit for TB-level HARQ-ACK can be used to solve NACK-to-ACK error.
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