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1 Introduction
In RAN1 #93, several HARQ enhancement schemes are discussed and followings are agreed to be considered during the study for NR-U

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, following agreements are achieved regarding HARQ feedback for NR-U.
Agreement: 
· NR-U should support both:

· 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 some considerations on HARQ operation in NR-U.

2 Discussions

Deployment scenarios of NR-U contain DC between licensed band LTE (PCell) and NR-U (PSCell) or DC between licensed band NR (PCell) and NR-U (SCell). Moreover, stand-alone NR-U is considered as one of the deployment scenarios for NR-U. From those deployment scenarios, it is required to support PUCCH transmission including DL HARQ feedback information from UEs via NR-U cells. However, in unlicensed spectrum, UL transmission from UE is not guaranteed at a specific feedback time indicated by a gNB according to the LBT result on the UE side. Therefore, HARQ feedback timeline and relevant PUCCH resource allocation mechanism defined for licensed band NR may cause some degradation on HARQ performance in NR-U, because the LBT failure can be occurred on the UE side at the indicated HARQ feedback time. 

Some candidate solutions can be considered to solve this HARQ feedback problem via NR-U cells.

One alternative is to allocate multiple PUCCH transmission opportunities in time domain for HARQ ACK feedback for a given PDSCH transmission. Then, if a UE fails on LBT on a certain PUCCH transmission opportunity, it can use the next PUCCH transmission opportunity for HARQ feedback.

The other alternative is that gNB can guarantee the channel access of the UE for HARQ feedback and indicate the guaranteed HARQ feedback time to the UEs separately from allocation of PDSCH transmission. In other words, by separating DL assignment DCI and HARQ feedback time indication, after the gNB occupy the unlicensed spectrum first, then it can indicate HARQ feedback transmission to the UEs. 

Some other alternatives can be also considered to guarantee the reliable HARQ feedback from UEs.

Proposal 1. Mechanisms for reliable HARQ feedback from UEs should be investigated for NR-U cells.

In the similar sense, the retransmission of PDSCH or PUSCH is not guaranteed until the successful LBT before the retransmission in unlicensed spectrum. Therefore, the HARQ performance can be degraded especially for stand-alone NR-U. If CA of multiple NR-U cells are configured, or CA between licensed band NR (PCell) and NR-U (SCell) are configured, we can consider retransmission of PDSCH or PUSCH to be scheduled on an available carrier other than the carrier used for initial transmission. By allowing this cross-carrier retransmission of data channel, we could achieve more efficient QoS control for HARQ operation. 

Proposal 2. Cross-carrier retransmission of data channel can be considered when CA including NR-U cells is configured.

3 Summary
The following summarizes the proposals in this contribution.

Proposal 1. Mechanisms for reliable HARQ feedback from UEs should be investigated for NR-U cells.

Proposal 2. Cross-carrier retransmission of data channel can be considered when CA including NR-U cells is configured.
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