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1. Introduction

In last meeting, the following are achieved for the design of HARQ enhancement in NR-U [1]:
Conclusion:

In Rel-16, the PDSCH-to-HARQ-timing-indicator field is not enhanced to indicate larger values of K1 compared to Rel-15.

Agreement:
When configured for operation with enhanced dynamic HARQ codebook (type-2 codebook), a UE shall support 2 PDSCH groups.

· The number of PDSCH groups that the UE shall support is not RRC configurable

· FFS: More groups, depending on the resolution of the FFS on up to 4 groups from a prior agreement

Agreement:

· For enhanced dynamic HARQ codebook, choose one of the alternatives below: 

· Alt-1: NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH only for the scheduled group

· Alt-2: NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH for both groups

· FFS: Extension to fallback DCI

Agreement:

For enhanced dynamic HARQ-ACK codebook when the feedback is triggered by a DL DCI scheduling a PDSCH, a UE is not expected to be requested in that DL DCI to provide feedback only for a PDSCH group not scheduled in that DL DCI

Agreement:

For enhanced dynamic codebook operation, HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1 is derived by the next DL DCI scheduling PDSCH with a numerical value for K1 triggering feedback for PDSCH group(s) including the PDSCH group of this PDSCH.

· FFS: additional methods including 

· based on an earlier DCI

· one-shot HARQ-ACK feedback

· FFS: dependency on NFI

Conclusion:

There is no consensus to support a 2-stage uplink grant for NR-U in Rel-16.

Conclusion:

For multi-TTI scheduling and for single TTI scheduling for PUSCH, the UE shall only attempt transmitting a PUSCH at the single starting position indicated in the UL grant in PDCCH for this PUSCH.

· FFS: for msg3

In this contribution, we will have some discussions on the HARQ enhancements.
2. Discussions 
2.1 HARQ enhancement
Based on the agreements on last meeting, the framework of Group based HARQ ACK retransmission for dynamic codebook is clear and some details should be further fixed. One of the details is that NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH for scheduled group or both groups. Including NFI and T-DAI for both PDSCH groups could solve the misalignment between the gNB and the UE when the last transmission(s) in PDSCH group is miss detection.
Proposal 1: For enhanced dynamic HARQ codebook, NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH for both groups.
Including NFI and T-DAI for both PDSCH groups will also cause overhead increasing. Considering the limitation of fallback DCI, overhead control is important and the design of HARQ mechanisms for fallback DCI could be different from non-fallback DCI. One example is that NFI and T-DAI are indicated in fallback DCI scheduling PDSCH for scheduled group only. 

Proposal 2：the NFI and T-DAI design between fallback DCI and non-fallback DCI could be different.
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.
2.3 
multi-TTI scheduling 
Multiple mapping Type B PUSCHs within the first slot could be considered. It is benefit to match the LBT results by allowing multiple mapping Type B PUSCHs within the first slot. For different SCS, the supporting pattern of Type B PUSCHs in the first slot could also be different. Some typical configurations might be like 7os+7os, or 2os+4os+4os+4os. And some less than 14os configuration could also be considered, such as 2os+4os+7os, or 2os+2os+7os. If less than 14os is configured, the starting symbols should be delay. By defining different Type B PUSCH combinations in the first slot, multi-TTI scheduling could efficiently match the uncertainty caused by LBT.
Proposal 5: Multiple mapping Type B PUSCHs is allowed within the first slot for multi-TTI grant.

As for the design of CBG-based retransmission, different cases should be considered. It might not be necessary to support CBG-based retransmission for all Type B PUSCH scheduling, while CBG-based retransmission could be considered for slot-based multi-TTI grant. Even if multiple mapping Type B PUSCHs within the first slot is support, the following Type A PUSCH grant should consider support CBG-based retransmission.
Proposal 6: For multi-TTI scheduling, CBG-based retransmission should be supported by Type A PUSCH grant.

3. Conclusion
In summary, the following proposals are provided:
Proposal 1: For enhanced dynamic HARQ codebook, NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH for both groups.
Proposal 2：the NFI and T-DAI design between fallback DCI and non-fallback DCI could be different.
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: Multiple mapping Type B PUSCHs is allowed within the first slot for multi-TTI grant.

Proposal 6: For multi-TTI scheduling, CBG-based retransmission should be supported by Type A PUSCH grant.
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