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Introduction
In RAN#82 meeting, the work item for NR-U was approved [1]. The WID includes the following objective related to HARQ operation.
[bookmark: _Hlk532426838]- 	HARQ operation: NR HARQ feedback mechanisms are the baseline for NR-U operation with extensions in line with agreements during the study phase (NR-U TR section 7.2.1.3.3), including immediate transmission of HARQ A/N for the corresponding data in the same shared COT as well as transmission of HARQ A/N in a subsequent COT. Potentially support mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities. (RAN1)
In this contribution, we discuss HARQ enhancements for NR-U.

Discussion
Additional A/N transmission opportunities
We consider that in some cases HARQ-ACK transmission outside a gNB-acquired COT is beneficial because the latency of HARQ-ACK feedback on a UE-initiated COT tends to be shorter than that on a gNB-initiated COT. Especially, multiple opportunities in different LBT sub-bands contribute towards a shorter latency of HARQ feedback. If UL wideband operation on a sub-band bandwidth of greater than 20 MHz sub-band is allowed, it is possible that multiple PUCCH resources across multiple LBT sub-bands could be configured.
Therefore, opportunistic PUCCH transmission across multiple LBT sub-bands should be supported for a UE that has the capability of wideband operation. The gNB may indicate multiple resources on different frequency resources for PUCCH transmission corresponding to one PDSCH. Even if the channel is busy on one frequency band, the UE can transmit PUCCH by using one of the multiple resources on another frequency band which the gNB indicated. Furthermore, through this mechanism, PUCCH transmission opportunities could be increased.
Proposal 1: If UL wideband operation with a sub-band bandwidth of greater than 20 MHz is allowed, frequency domain opportunistic HARQ-ACK transmission on multiple LBT sub-bands should be supported.
For a UE which isn’t operated on a wideband, opportunistic HARQ-ACK transmission on multiple resources at different times is also beneficial. During the study item phase [3], there are 2 alternatives for indication of multiple time domain resources. One alternative is multiple timing indication via DCI and another is single timing indication with a sliding window. Considering DCI overhead, we prefer single timing indication with a sliding window.
Proposal 2: Time domain opportunistic HARQ-ACK transmission on multiple slots with a sliding window should be supported.
Although multiple HARQ feedback resources could be configured, all resources might not be available for HARQ feedback due to their being busy, especially in heavily congested circumstances. In the case that HARQ feedback cannot be performed, the gNB has to retransmit the PDSCH corresponding to the missed HARQ-ACK. As a result, resource efficiency would be degraded.
Therefore, we propose that a mechanism of recovery for missed HARQ feedback should be considered in NR-U. One of the recovery mechanisms is that the gNB triggers reporting of HARQ bits  of which transmission is blocked due to LBT. By using the trigger, UL resource could be scheduled for HARQ feedback of which HARQ-ACK couldn’t be transmitted due to LBT failure.
Proposal 3: Mechanism of HARQ feedback triggered by gNB should be supported.

Conclusions
In this contribution, based on the above discussion we have the following proposals:
Proposal 1: If UL wideband operation with a sub-band bandwidth of greater than 20 MHz is allowed, frequency domain opportunistic HARQ-ACK transmission on multiple LBT sub-bands should be supported.
Proposal 2: Time domain opportunistic HARQ-ACK transmission on multiple slots with a sliding window should be supported.
Proposal 3: Mechanism of HARQ feedback triggered by gNB should be supported.
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