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1. Introduction 

In RAN1 AH 1801 meeting, regarding CBG based (re)transmission, following agreements were made [1].
	Agreements:

· When the configured number of CBGs is assumed to N, and in case when N-bit HARQ-ACK is to be transmitted by the UE in response to the PDSCH transmission scheduled by fallback DCI:

· The TB-level HARQ-ACK is repeated over all the N bits for the configured number of CBGs.


During the last meeting, there was discussion on whether CBG-based (re)transmission is configured per BWP. In this contribution, we provide our views on remaining issues on CBG-based (re)transmission. 
2. Discussion
2.1. CBG configuration per BWP
For a serving cell, a UE can be configured with more than one BWPs, each of which is associated with a numerology. It is reasonable that different BWPs have different numerologies targeting diverse service types. For example, a BWP with lower SCS, i.e. 15 kHz, can be used for eMBB traffic, while another BWP with higher SCS, e.g. 60 kHz can be used for low latency service. For eMBB traffic with large packet size, CBG based (re)transmission can be enabled to improve resource utilization where partial TB can be scheduled for retransmission. Another benefit for CBG based transmission is that the processing time for reception of a large packet can be reduced when higher modulation order is adopted. On the other hand, low latency service, e.g. URLLC service, usually has small packet size. Therefore, CBG based transmission is not useful for such kind of service.
If CBG based (re)transmission is configured per cell, CBG configuration is applied for all the configured BWPs in a serving cell. As discussed above, different BWPs can be associated with different SCSs for different services. When the active BWP is switched to a BWP with high SCS, CBG based transmission is no longer beneficial and needs to be disabled. However, CBG based transmission is configured semi-statically by RRC signaling while active BWP can be dynamically switched by DCI. Therefore, CBG based transmission should be configured per BWP. For example, BWP with low SCS can be configured with CBG based transmission while BWP with high SCS is configured with TB based transmission. In result, CBG based transmission can be enabled or disabled according to the BWP configuration.
Proposal 1: CBG based (re)transmission is configured per BWP for DL and UL.
2.2. HARQ-ACK codebook determination during BWP switching
When a UE is configured with multiple BWPs, configurations of CBG based (re)transmission among different BWPs can be different. When the active DL BWP is changed, a UE may switch its active DL BWP that is not configured with CBG based (re)transmission to a new active DL BWP that is configured with CBG based (re)transmission, and vice-versa. 

For a UE configured without CBG transmission, HARQ-ACK for a TB is 1 bit, while for UE configured with CBG transmission, HARQ-ACK bits for a TB equals to the configured number of CBG per TB. Since HARQ-ACK for a TB is dependent on the CBG configuration, UE may feedback different HARQ-ACK bits in different BWPs which have different CBG configurations. Therefore, when the active DL BWP is switched, UE needs to determine the HARQ-ACK codebook size. 
· Semi-static HARQ-ACK codebook

For semi-static HARQ-ACK codebook, UE needs to determine the HARQ-ACK codebook size based on a set of PDSCH occasions for PDSCH reception, for which UE transmits the corresponding HARQ-ACK in the same UL PUCCH/PUSCH. The set of PDSCH occasions for PDSCH reception is determined by a time window according to DL-data-DL-acknowledgement. During the time window, if the active DL BWP is switched, different PDSCH occasions for PDSCH reception may be within different BWPs, where the CBG configurations may also be different. In this case, following options can be considered for HARQ-ACK codebook determination.
· Option 1: HARQ-ACK codebook for each PDSCH occasion is determined by the BWP where the PDSCH occasion is located.

· Option 2: HARQ-ACK codebook for each PDSCH occasion is determined by the latest active DL BWP where the last PDSCH occasion is located.

· Option 3: HARQ-ACK codebook for each PDSCH occasion is determined by the BWP that is configured with maximum number of CBG among all the configured BWPs

· Option 4: UE is not expected to transmit HARQ-ACK payload which includes ACK/NACK for PDSCH(s) on a different BWP, at least when CBG configurations for BWPs are different.
For option 1, HARQ-ACK for a PDSCH occasion in a BWP without CBG configuration is maximum 2 bits while HARQ-ACK for a PDSCH occasion in a BWP with CBG configuration should equal to the number of CBG. Therefore, the HARQ-ACK codebook can be adaptive according to the CBG configuration of the active DL BWP in different time. The disadvantage is that UE may not determine HARQ-ACK codebook size when a DCI switching the active DL BWP is not detected. 
For option 2, UE determines the HARQ-ACK codebook only based on the active DL BWP where the last PDSCH occasion is located. If the last PDSCH occasion is located in a BWP with CBG configuration, HARQ-ACK for all the remaining PDSCH occasions equals to the number of CBG for that BWP. It may not be efficient but ambiguity of HARQ-ACK codebook determination can be avoided. 
For option 3, it is the safest way to determine HARQ-ACK codebook while it causes large overhead for HARQ-ACK. Besides, it is similar to the case that CBG based (re)transmission is configured per cell.
For option 4, from UE’s perspective, UE behavior is defined for the case when active BWP is switched. UE is not transmit HARQ-ACK payload which includes ACK/NACK for PDSCH(s) on a different BWP, at least when CBG configurations for BWPs are different. Option 4 is simple though there could be some limitation on gNB scheduling flexibility.

Proposal 2: For semi-static HARQ-ACK codebook determination when active DL BWP is switched where CBG configurations are configured per BWP, following methods can be considered.

· Option 1: HARQ-ACK for each PDSCH occasion is determined by the BWP where the PDSCH occasion is located.
· Option 2:HARQ-ACK for each PDSCH occasion is determined by the latest active DL BWP where the last PDSCH occasion is located.
· Option 3: UE is not expected to transmit HARQ-ACK payload which includes ACK/NACK for PDSCH(s) on a different BWP, at least when CBG configurations for BWPs are different
· Dynamic HARQ-ACK codebook

For dynamic HARQ-ACK codebook, HARQ-ACK codebook size is determined based on the DL grants which include total DAI and counter DAI. For each PDSCH, HARQ-ACK codebook is determined by CBG configuration of the BWP where the PDSCH is received. Due to the present of total DAI and counter DAI in DL grant, there is no issue of HARQ-ACK codebook determination when one of the DL grant is not detected. Therefore, following options can be considered when active DL BWP is switched where CBG configurations are configured per BWP.
· Option 1: HARQ-ACK codebook for each PDSCH occasion is determined by the BWP where the PDSCH occasion is located.

· Option 2: UE is not expected to transmit HARQ-ACK payload which includes ACK/NACK for PDSCH(s) on a different BWP, at least when CBG configurations for BWPs are different.
Proposal 3: For dynamic HARQ-ACK codebook determination when active DL BWP is switched where CBG configurations are configured per BWP, following methods can be considered.

· Option 1: HARQ-ACK for each PDSCH occasion is determined by the BWP where the PDSCH occasion is located.
· Option 2: UE is not expected to transmit HARQ-ACK payload which includes ACK/NACK for PDSCH(s) on a different BWP, at least when CBG configurations for BWPs are different
3. Conclusion

In this contribution, we discussed the remaining issues for CBG based (re)transmission and the HARQ-ACK codebook determination issue when BWP switching. The proposals are summarized below.
Proposal 1: CBG based (re)transmission is configured per BWP
Proposal 2: For semi-static HARQ-ACK codebook determination when active DL BWP is switched where CBG configurations are configured per BWP, following methods can be considered.

· Option 1: HARQ-ACK for each PDSCH occasion is determined by the BWP where the PDSCH occasion is located.
· Option 2:HARQ-ACK for each PDSCH occasion is determined by the latest active DL BWP where the last PDSCH occasion is located.
· Option 3: UE is not expected to transmit HARQ-ACK payload which includes ACK/NACK for PDSCH(s) on a different BWP, at least when CBG configurations for BWPs are different
Proposal 3: For dynamic HARQ-ACK codebook determination when active DL BWP is switched where CBG configurations are configured per BWP, following methods can be considered.

· Option 1: HARQ-ACK for each PDSCH occasion is determined by the BWP where the PDSCH occasion is located.
· Option 2: UE is not expected to transmit HARQ-ACK payload which includes ACK/NACK for PDSCH(s) on a different BWP, at least when CBG configurations for BWPs are different
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