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1 Introduction
In RAN1#92, deployment scenarios for NR unlicensed operation are discussed and the following scenarios are agreed to be considered for NR-U deployment [1].
Agreement:
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 
· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)
· NR-U SCell may have both DL and UL, or DL-only.
· [bookmark: _Hlk500847868]Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Stand-alone NR-U
· An NR cell with DL in unlicensed band and UL in licensed band
· [bookmark: _Hlk500847837]Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)

In RAN1#92bis, potential physical layer procedures for NR-U are discussed and the following agreements were achieved [2]. 
Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) 
in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer  multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included

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. 
[bookmark: _GoBack]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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