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1. Introduction

In last meeting, the following are achieved for the design of HARQ enhancement in NR-U [1]:
Agreement:
A non-numerical value is added to the possible range of PDSCH-to-HARQ-timing-indicator values defined in Rel-15, and is used to indicate to the UE that the HARQ-ACK feedback for the corresponding PDSCH is postponed until the timing and resource for the HARQ-ACK feedback is provided by the gNB.
Agreement:
Restrict further discussion on HARQ codebook to the following:

· For dynamic HARQ codebook:
· PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH

· gNB can request HARQ-ACK feedback in the same PUCCH for all PDSCHs in the same group
· Option 1: 
· One PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups

· DCI can request HARQ-ACK feedback for one or more PDSCH groups 

· FFS one of the two options below

· C-DAI/T-DAI can be accumulated across multiple PDSCH groups for which feedback is requested in the same PUCCH

· C-DAI/T-DAI is accumulated only within one PDSCH group

· FFS: New ACK-Feedback Group Indicator for each PDSCH Group
· The number of HARQ-ACK bits for one PDSCH group is constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission, i.e. the PDSCH group cannot be enlarged after the first feedback transmission

· Option 2: 
· One PUCCH can carry HARQ-ACK feedback for a single PDSCH group
· FFS: Feedback for more than one PDSCH group
· DCI can request HARQ-ACK feedback for a single PDSCH group
· FFS: Requests for more than one PDSCH group
· C-DAI/T-DAI is accumulated within one PDSCH group

· A reset indicator signals new HARQ-ACK feedback for a PDSCH group
· The number of HARQ-ACK bits for one PDSCH group may not be constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission
· Semi-static codebook. Options FFS.

· If request/trigger for one-shot group HARQ ACK feedback for all configured HARQ processes is introduced (at least for non-CBG HARQ), select one or more of the following candidate schemes:

· The request is carried in a UE-specific DCI carrying a PUSCH grant

· The request is carried in a UE-specific DCI carrying a PDSCH assignment

· The request is carried in a UE-specific DCI not scheduling PDSCH nor PUSCH

· The request is carried in a UE-common DCI

· The request can be used for UE configured with dynamic or semi-static HARQ codebook

· Note: The discussion on preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands is a separate discussion

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
The main difference of two options agreed in last meeting are one PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups or one PUCCH can carry HARQ-ACK feedback for a single PDSCH group. According to the real deployment scenarios, if the case of multiple PDSCH group retransmission happens frequently, then option 1 will have the advantage of overhead reduction for multiple PDSCH group indication. In the contrary, if the case of multiple PDSCH group retransmission happens rarely, then option 2 is enough.
For different COT configuration, the requirements for PDSCH group retransmission is different. If one COT includes multiple PDSCH groups, the case of multiple PDSCH groups retransmission in one PUCCH will happen when uplink suffering heavy interference. Even for a COT including relatively less PDSCH groups, there is still the case that multiple PDSCH groups should transmit in one PUCCH. For example, for a gNB’s COT with one long DL portion followed by a short UL portion, there might be two PDSCH group. One is for the downlink portion that the HARQ-ACK will be transmitted in the UL portion within the COT while another PDSCH group that the HARQ-ACK will be transmitted in the following UL portion outside the COT. Once the UL portion could not be used for HARQ-ACK feedback due to LBT failure, gNB will indicate one PUCCH carry HARQ-ACK feedback for more PDSCH groups. In general, the possibilities of one PUCCH carrying HARQ-ACK feedback for more PDSCH groups should be considered in NR-U.
Proposal 1: option 1 should be supported. 

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 2: A bitmap could be used to indicate one HARQ-ACK feedback in multi carrier/sub-band.
Proposal 3: 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 4: Alt5b is proposed.
3. Conclusion
In summary, the following proposals are provided:
Proposal 1: option 1 should be supported. 

Proposal 2: A bitmap could be used to indicate one HARQ-ACK feedback in multi carrier/sub-band.

Proposal 3: Access priorities should be allocated to different PUCCH resources carrying the same HARQ-ACK.
Proposal 4: Alt5b is proposed.
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