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Introduction
In RAN1#93 meeting, the following agreements were made [1].
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 this contribution, we discuss HARQ enhancements for unlicensed NR.

Discussion
As per the regulation of ETSI BRAN [2], 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.
Observation: Transmission without LBT for HARQ-ACK feedback would be beneficial when the HARQ-ACK for the corresponding data in the same shared COT is transmitted.
However, PDSCH processing time for current levels of UE processing capacity is obviously longer than 16 usec. For example, assuming PDSCH transmission with 60 kHz SCS and PDSCH processing capability 1, it was calculated based on Section 5.3 in TS 38.214 [3] that PDSCH decoding time is around 0.3 msec. This concludes that HARQ-ACK corresponding to PDSCH transmitted on the last slot on the COT cannot be transmitted in the same COT. In that case, HARQ-ACK must be transmitted in a separate COT. Therefore, since performing LBT before transmission in a separate COT is mandatory, RAN1 should also consider a mechanism to support transmission with LBT for HARQ-ACK feedback in a separated COT from the one the corresponding data was transmitted.
Proposal 1: Mechanism to support transmission with LBT for HARQ-ACK feedback in a separated COT from the one the corresponding data was transmitted should be considered.
For HARQ-ACK feedback with LBT, RAN1 should consider recovery mechanisms in the case that HARQ-ACK feedback cannot be transmitted on the indicated timing due to LBT failure. As for DL HARQ-ACK feedback, we consider opportunistic PUCCH transmission in multiple PUCCH resource in the time domain. gNB may indicate multiple resources on different timing for PUCCH transmission corresponding to one PDSCH. Even if the channel is busy on certain timing, the UE can transmit PUCCH by using one of the multiple resources on other timings which the gNB indicated. Through this mechanism, PUCCH transmission opportunities could be increased.
[bookmark: _GoBack]Proposal 2: Opportunistic PUCCH transmission in multiple PUCCH resources should be considered.

Conclusions
In this contribution, based on the above discussion we have the following proposals:
Observation: Transmission without LBT for HARQ-ACK feedback would be beneficial when the HARQ-ACK for the corresponding data in the same shared COT is transmitted.
Proposal 1: Mechanism to support transmission with LBT for HARQ-ACK feedback in a separated COT from the one the corresponding data was transmitted should be considered.
Proposal 2: Opportunistic PUCCH transmission in multiple PUCCH resources should be considered.
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