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1 Introduction

In RAN#75, the SID of NR-based access to unlicensed spectrum was approved in [1]. The objective of NR-based access in unlicensed band includes the operation scenarios of NR-based License Assisted Access (NR-LAA) with LTE or NR as the anchor cell and NR-based cell operating in unlicensed spectrum as follows,
· An NR-based LAA cell(s) connects with an LTE or NR anchor cell operating in licensed spectrum

· The study assumes the techniques for linking between Pcell (LTE or NR licensed CC) and Scell (NR unlicensed CCs) according to the NR WI

· An NR-based cell operating standalone in unlicensed spectrum, connected to a 5G-CN network with priority on frequency bands above 6GHz, e.g., for private network deployments; 

· Study how to ensure from a RAN level that connection and security management can be integrated with the E-UTRAN, NG RAN and 5G CN architecture, including service continuity requirements for users moving between cells of licensed and unlicensed frequency bands, liaising with SA2 as require
In RAN1#92bis, the aspects of access procedure for operating NR in unlicensed spectrum were agreed as follows, 
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 mainly discuss the HARQ aspects on  NR operation in unlicensed bands. 
2 HARQ Aspects for NR Operation in Unlicensed Spectrum
For NR standalone operation, the HARQ-ACK feedback needs to be transmitted on the DL/UL control channel over the unlicensed spectrum.   The contention of channel access and the channel availability for transmitting the control channel in unlicensed spectrum would be challenged for the HARQ-ACK feedback.  The latency jitter and system complexity could be minimized if all HARQ-ACK feedbacks of the associated shared channel can be multiplexed in the same control channel.   Multiplexing of all HARQ-ACK feedbacks would impose aggressive processing time requirements to the UE.   The dynamic HARQ timing in the frame structure design would allow the flexible timing in transmitting HARQ-ACK feedback and retransmission along with dynamic DL/UL configuration in NR.  The dynamic HARQ timing allows extending the HARQ feedback time and thus reduced the UE processing timing requirements.  The flexibility of the HARQ feedback transmission timing is critical for the NR access in unlicensed spectrum.     
Proposal 1:  Dynamic HARQ-ACK feedback timing should be supported for the HARQ operations in unlicensed spectrum
Another challenge of HARQ-ACK feedbacks would be the transmission of the control channel in meeting the occupied channel bandwidth (OCB) requirements in unlicensed spectrum.     Due to large bandwidth in the unlicensed spectrum, the number of HARQ-ACK bits would be limited.   Even using the short PUCCH format (PUCCH format 2) with large system BW, it requires lots of repetition to fill the PUCCH since most likely the number of HARQ-ACK bits would be limited.  Using lots of radio resource to transmit small number of HARQ-ACK bits to fulfil the OCB requirements would be very wasteful.   Since the available resource of PUCCH would be more than the capacity required for the HARQ-ACK bits transmission in unlicensed spectrum, the resource utilization would be improved if the HARQ-ACK bits multiplex with other UCI information, such as CSI, on the PUCCH.   

Proposal 2:  To improve the resource utilization of PUCCH transmission in unlicensed spectrum, the CSI could be semi-statically configured to transmit with HARQ-ACK without explicit triggering.  
When more than one carrier is configured in the unlicensed spectrum, gNB can configure the PUCCH on one unlicensed carrier with light load from all the configured unlicensed carriers   The PUCCH would carry not only the HARQ-ACK bits for the HARQ feedbacks of PDSCH but CSI feedbacks from all carriers.  The UE can have better chance and lower latency in PUCCH transmission with LBT.   The gNB could effectively balance the load of all the unlicensed carriers.  
Proposal 3: The PUCCH is configured on the light load carrier for all the HARQ-bits and CSI transmissions of all unlicensed carriers when multiple unlicensed carriers are configured.

3 Conclusion

In this contribution, we discussed the HARQ aspects of NR-based operation in unlicensed bands with the following proposals, 

· Proposal 1:  Dynamic HARQ-ACK feedback timing should be supported for the HARQ operations in unlicensed spectrum

· Proposal 2:  To improve the resource utilization of PUCCH transmission in unlicensed spectrum, the CSI could be semi-statically configured to transmit with HARQ-ACK without explicit triggering.  

· Proposal 3: The PUCCH is configured on the light load carrier for all the HARQ-bits and CSI transmissions of all unlicensed carriers when multiple unlicensed carriers are configured.
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