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1. Introduction

In last meeting, the following are achieved for the design of HARQ enhancement in NR-U:RAN#82, new WID on NR-based Access to Unlicensed Spectrum was approved and the scope of physical layer procedure(s) including [1]:
Agreement:
Scheduling PUSCH over multiple slots/mini-slots by single DCI supports at least multiple continuous PUSCHs with separate TBs

· Each TB is mapped to at most one slot or one mini-slot

In this contribution, we will have some discussions on the HARQ enhancements.
2. Discussions 
2.1 HARQ enhancement
In NR-U, in order to overcome the performance loss caused by LBT and compensate the short come of once HARQ timing indication in NR. It is quite essential to support multiple and/or supplemental time and/or frequency domain transmission opportunities. Such enhancement is not limited within a COT but also important for HARQ feedback across COT.
2.1.1 Triggered HARQ-ACK feedback
For Triggered HARQ-ACK feedback, there are two options as follow.:
· Alt1a: request/trigger reporting of HARQ feedback for earlier COT(s) or additional reporting of earlier HARQ feedback without explicit signaling of HARQ process ID, possibly along with other HARQ feedback reports (e.g. for the current COT)
· Alt1b: request/trigger reporting for a set of HARQ processes, either for all configured HARQ processes (e.g. group feedback), or for a set of HARQ process IDs or HARQ process ID groups

The main difference between these two alternatives are whether indicate the HARQ ID or not. If HARQ ID is indicated, it is easy to realize all missed ACK/NACK indication. But the drawback is also obvious that more overhead is required when the number of missed HARQ-ACK is large. In NR-U, the main reason of HARQ-ACK missing from UE is PDCCH/PDSCH miss detection or no chance to feedback caused by LBT. If one PDCCH/PDSCH is miss detection at UE, based on the design of NR, C-DAI and T-DAI could be used to handle this case well. The main enhancement in NR-U should treat the case that one group of HAR-ACK is missed due to no chance transmission caused by LBT. Therefore, if HARQ ID based indication is used for triggered HARQ-ACK feedback, the design is not optimized.
Proposal 1: Alt 1a is proposed for triggered HARQ-ACK feedback.

If Alt1a is adapted, the design of dynamic codebook should also be enhanced. The main considerations for dynamic codebook enhancement are to increase the number of bits in C-DAI and T-DAI and include a group ID indication to indicate a group of HARQ process within a time window. For the detail enhancement for dynamic codebook should also consider the overhead. A tradeoff should be made between performance and overhead.
Proposal 2: Group ID indication should be introduced and the number of bits for C-DAI and T-DAI could increase for dynamic codebook design in NR-U.
2.2 
Multiple opportunities for HARQ-ACK

For the operation in unlicensed spectrum with multiple carrier/sub-band, the HARQ-ACK feedback efficiency could be improved significantly by supporting multi carrier/sub-band feedback at the same time to overcome the uncertainty caused by LBT. For the detail design to support multi carrier/sub-band feedback, many factors should be considered. Firstly, DCI should indicate multiple PUCCH/PUSCH resources to transmit HARQ-ACK information. A bitmap could be used and the length of bitmap match the number of configured number of multi carrier/sub-band feedback. When multi carrier/sub-band feedback is configured for UE, a transmission priority should also be fixed to reduce the complexity of gNB detection. The access priority of each UE could be based on implicit rule or explicit indication.
Proposal 3: A bitmap could be used to indicate one HARQ-ACK feedback in multi carrier/sub-band.
Proposal 4: Access priorities should be allocated to different PUCCH resources carrying the same HARQ-ACK.
Multiple HARQ-ACK transmission opportunities for one HARQ-ACK in time domain are also important. The main method to support multiple HARQ-ACK feedback in time domain is by configure multiple feedback positions within PDSCH-to-HARQ-timing-indicator. There are still two alternatives: 
· Alt5a: Multiple candidate opportunities by providing multiple timings in PDSCH-to-HARQ-timing-indicator and/or other DCI fields

· Alt5b: Multiple candidate slots in a window with size configured by RRC. There could be some activation/deactivation by DCI
For these two options, the multiple feedback positions are configured by high layer. The main difference is Alt5a explicit configure multiple positions while Alt5b configure a window. The two options could achieve almost the same effect. For Alt5b, it might be more convenient to support more feedback opportunities with a long window size configuration. 

Proposal 5: Alt5b is proposed.
3. Conclusion
In summary, the following proposals are provided:
Proposal 1: Alt 1a is proposed for triggered HARQ-ACK feedback.

Proposal 2: Group ID indication should be introduced and the number of bits for C-DAI and T-DAI could increase for dynamic codebook design in NR-U.

Proposal 3: A bitmap could be used to indicate one HARQ-ACK feedback in multi carrier/sub-band.

Proposal 4: Access priorities should be allocated to different PUCCH resources carrying the same HARQ-ACK.
Proposal 5: Alt5b is proposed.
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