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1. Introduction & Background

In RAN1#92, the deployment scenarios of the unlicensed spectrum operation are agreed as below [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.

· 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
· Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)
In RAN1#92bis, the following agreements were achieved [2]. The possible enhancement for HARQ operation should be studied to fulfill the transmission in NR-U.

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 the design considerations for HARQ operation in NR-U.
2. HARQ procedures in NR-U 
1.1. Fast A/N feedback

In self-contained slot operation, the UE can share the MCOT of the gNB if the gap between DL and UL portions is sufficiently small. If the HARQ processing time of the UE is short enough, when the gNB senses the channel to be IDLE and starts to transmit after a gap or channel reservation signal, the UE can perform fast A/N feedback of current slot PDSCH or previous slot PDSCH in the UL symbols in the self-contained slots as shown in Figure 1. One shot LBT is performed at the UE side before the UL transmission for the shared MCOT case. When the channel is sensed to be IDLE, UE transmits the A/N. Multiple DL/UL switch points should be supported within one MCOT of the gNB. To enable such operation, the UE processing time for PDSCH should be fast enough, the aggressive DL processing capability should be supported by the UE.
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Figure 1: A/N feedback in self-contained slots
Proposal 1: Fast A/N feedback in the self-contained slot using shared MCOT should be supported in NR-U.
Proposal 2: Aggressive DL processing timeline should be supported in NR-U. 
1.2. Cross carrier HARQ
In standalone operation, all the transmissions are subject the result of LBT in the unlicensed spectrum, even for the carrier aggregation. LBT must be performed before the transmissions in both the Pcell and Scell. In order to ensure the service QoS, HARQ operation should be maintained as much as possible. Cross carrier HARQ can be considered in the standalone operation. The downlink or uplink HARQ process can be moved to another carrier than used for initial transmission. That is to say, the HARQ retransmission can be at any available carrier. The choosing of the retransmission carrier should take into account the factors such as channel availability, data load, etc. To support such flexible HARQ retransmission, signaling or mechanism which can indicate the index of the HARQ retransmission carrier need to be investigated. When the numerology of the initial transmission and that of the retransmission are different, the timing difference between the initial transmission and retransmission should be clearly indicated to avoid the ambiguity caused by the different numerologies. Note that similar mechanism has already been defined in NR Rel-15 SUL where the UL HARQ transmission can jump between a non-SUL carrier and a SUL carrier dynamically by the network indication. 
Proposal 3: Cross carrier HARQ can be considered in the standalone operation in the unlicensed spectrum.
3. Conclusion

In this contribution, we discussed the HARQ procedure in NR-U. The following proposals are given:

Proposal 1: Fast A/N feedback in the self-contained slot using shared MCOT should be supported in NR-U.

Proposal 2: Aggressive DL processing timeline should be supported in NR-U. 
Proposal 3: Cross carrier HARQ can be considered in the standalone operation in the unlicensed spectrum.
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