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In RAN1#93 meeting [1], the following agreements were made.
Agreement:
· Transmission of HARQ A/N for the corresponding data in the same shared COT is identified as beneficial
· Strive to support transmitting all HARQ A/N for the corresponding data in the same shared COT, if possible, considering the current NR UE processing time required
· Mechanisms to support this need to be identified
· It is understood in some cases, the HARQ A/N has to be transmitted in a separate COT from the one the corresponding data was transmitted
· Mechanisms to support this need to be identified
Agreement:
· Techniques to handle reduced HARQ A/N transmission opportunities for a given HARQ process due to LBT failure are identified as beneficial
· Potential techniques include mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities
Agreement:
· NR-U uses NR HARQ feedback mechanisms as baseline, and enhancements can be identified
· When UL HARQ feedback is transmitted on unlicensed band, NR-U considers mechanisms to support flexible triggering and multiplexing of HARQ feedback for one or more DL HARQ processes

In RAN1#94 meeting [2], the following agreements were made.
Agreement: 
· NR-U should support both:
· [bookmark: OLE_LINK20]HARQ feedback corresponding to some or all the PDSCHs of a channel occupancy can be reported in the same channel occupancy
· It is found beneficial to extend the PDSCH-to-HARQ-timing to support indicating timings up to the end of the longest COT allowed by regulations, one or more of the following would be needed:
· Allow values larger than 15 by RRC signaling (FFS the largest value needed)
· Note: in some cases this may point outside of the COT
· Allow more bits for the PDSCH-to-HARQ-timing-indicator
· HARQ feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that channel occupancy. These possible candidate solutions can be considered:
· Alt1: gNB requests/triggers feedback for PDSCH from earlier COT(s)
· Alt2: UE is configured to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger
· Alt3: by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
· Note: the alternatives above are at least applicable for the case where there is no HARQ feedback expected in the same channel occupancy as the PDSCH
· Study the impact of the above candidate solutions on the HARQ codebook

In this contribution, we discuss HARQ enhancements for NR-U. This contribution is a revision of R1-1810635.

Discussion
HARQ-ACK transmission outside COT
In the case that HARQ feedback corresponding to PDSCHs of a channel occupancy is reported outside of that channel occupancy, any possible solution needs to be considered.
As for DL HARQ-ACK feedback, we consider opportunistic PUCCH transmission in multiple PUCCH resources. The gNB may indicate multiple resources on different time or frequency resource for PUCCH transmission corresponding to one PDSCH. Even if the channel is busy on one timing/frequency band, the UE can transmit PUCCH by using one of the multiple resources on another timings/frequency band which the gNB indicated. Through this mechanism, PUCCH transmission opportunities could be increased.
Proposal 1: Opportunistic PUCCH transmission in multiple PUCCH resources should be supported.

LBT Impact for HARQ-ACK feedback
As per the regulation of ETSI BRAN [3], if the gap between a transmission from an initiating device and that from a responding device is less than or equal to 16 usec, transmission without LBT is allowed. If HARQ-ACK feedback fails, the transmitter has to retransmit the same data (PDSCH/PUSCH). To avoid unnecessary retransmissions, HARQ-ACK feedback should be ensured as much as possible. Therefore, like Wi-Fi ACK transmission, transmission without LBT for HARQ-ACK would be beneficial.
However, considering impact on UE implementation cost, it should not be mandated that all UEs have to implement fast DL-UL switching. For UEs that  are not capable of doing fast switching, since the device has to comply with regulations, one-shot LBT (LBT category 2) would be required before PUCCH transmission within COT if gap between DL and UL is greater than 16 usec.
Proposal 2: For PUCCH transmission within COT, no LBT should be applied if gap between DL and UL is less than or equal to 16 usec, LBT category 2 should be applied otherwise.
On previous section, we assumed that PUCCH could be transmitted outside COT. For transmissions containing only HARQ-ACK outside COT, considering tradeoff between channel access latency and transmission collision, LBT category 4 with channel access priority class 1 is preferable as well as SRS transmission not including a PUSCH in Rel-14 LTE LAA.
Proposal 3: For UL transmission containing only HARQ-ACK outside COT, LBT category 4 with channel access priority class 1 should be applied.

Conclusions
In this contribution, based on the above discussion we have the following proposals:
Proposal 1: Opportunistic PUCCH transmission in multiple PUCCH resources should be supported.
Proposal 2: For PUCCH transmission within COT, no LBT should be applied if gap between DL and UL is less than or equal to 16 usec, LBT category 2 should be applied otherwise.
Proposal 3: For UL transmission containing only HARQ-ACK outside COT, LBT category 4 with channel access priority class 1 should be applied.
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