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1
Introduction

“NR-based Access to Unlicensed Spectrum” was approved to be a new study item for the future NR releases in RAN #75 (March, 2017) [1], the new study item has been started in RAN1 #92 (Feburary, 2018) and the working item has been started in RAN1 Meeting AH1901 (Feburary, 2019).  Unlike LAA/eLAA system, NR-U HARQ A/N may be transmitted in unlicensed spectrum wherein the HARQ A/N transmission may suffer interference from the other devices operated in the unlicensed spectrum.  Therefore, NR-U HARQ A/N reliability may be reduced.  For improving NR-U HARQ A/N performance, cross-COT HARQ-ACK feedback and multiple opportunities for HARQ-ACK feedback can be considered. Further details on potential solutions to allow cross-COT HARQ-ACK feedback and multiple opportunities for HARQ-ACK feedback are provided in TR 36.889 [2] as described in the following Table.
Table 7.2.1.3.3-1 in [2]: Possible alternatives to support multiple HARQ-ACK opportunities
	
	Cross-COT HARQ-ACK feedback
	Multiple opportunities for HARQ-ACK feedback

	Alt1: gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT)
	Alt1a: request/trigger reporting of HARQ feedback for earlier COT(s) or additional reporting of earlier HARQ feedback without explicit signaling of HARQ process ID, possibly along with other HARQ feedback reports (e.g. for the current COT)

Alt1b: request/trigger reporting for a set of HARQ processes, either for all configured HARQ processes (e.g. group feedback), or for a set of HARQ process IDs or HARQ process ID groups

	Alt2: UE is configured/allowed to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger 
	UE autonomously reports UCI with additional information about HARQ processes - e.g. corresponding to PDSCH from earlier COT(s) - that are reported in PUSCH [or PUCCH] along with the HARQ-ACK feedback.

	Alt3: gNB requests feedback outside the COT by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
	The UE will attempt reporting at the indicated time and resource (e.g. in a UE-initiated channel occupancy), even if the PDSCH-to-HARQ-timing-indicator indicates a slot that falls outside the gNB-initiated COT.
	Not a solution if PDSCH-to-HARQ-timing-indicator can only indicate a single value

	Alt4: preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands
	Possible if this is combined with Alt1 or Alt2 or Alt3
	Possible for indicating multiple candidate PUCCH or PUSCH carrying HARQ-ACK feedback

	Alt5: preconfigured/pre-indicated multiple opportunities in time domain
	The UE will attempt reporting at the preconfigured/pre-indicated times and resources (e.g. in a UE-initiated channel occupancy)
	Alt5a: Multiple candidate opportunities by providing multiple timings in PDSCH-to-HARQ-timing-indicator and/or other DCI fields

Alt5b: Multiple candidate slots in a window with size configured by RRC. There could be some activation/deactivation by DCI


The following agreement was made in the previous meeting (RAN1 Ad-Hoc Meeting 1901) [3].
	Agreement:
For enabling multiple opportunities for HARQ A/N transmission and for cross-COT HARQ-ACK feedback, at least the following is supported:

gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT)


This contribution aims to share our opinions on HARQ enhancements for NR-U if gNB doesn’t configure to request/trigger feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback. 
2
Discussion
According to the discussion in the previous meeting [4][5], Alt1 has several advantages. For example, gNB can handle some error cases such as PDCCH miss-detection and/or PUCCH/PUSCH detection failure.  Once gNB aware that error cases happen, gNB can request/trigger feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback.  However, Alt1 requires an additional signalling per COT for requesting/triggering HARQ A/N feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback.
Alt2 can support that UE autonomously transmits the unreported HARQ-ACK feedback.  For example, UE may autonomously transmit the unreported HARQ-ACK feedback when PUCCH/PUSCH doesn’t pass LBT, or HARQ-ACK feedback is pending from earlier COT(s).  However, Alt2 cannot overcome the hidden node problem because UE doesn’t know whether gNB receives the HARQ-ACK feedback or not.
Alt3 allows gNB scheduling HARQ-ACK feedback outside the COT. But the performance of HARQ-ACK transmission outside the COT is worth to be considered.  Generally speaking, the transmission performance outside the COT may be worse than transmission inside the COT due to gNB be responsible for occupying the channel.  We need some evaluation for confirming whether Alt3 is supported since HARQ-ACK performance outside the COT may be an important issue.
Alt4/Alt5 enables UE to report HARQ-ACK feedback in preconfigured/pre-indicated multiple opportunities without dynamically indication.  Both frequency-domain opportunities (Alt4) and time-domain opportunities (Alt5) can increase the HARQ-ACK feedback reliability effectively, although HARQ-ACK feedback overhead is worth to be considered/discussed. Comparing with Alt1, the multiple opportunities of Alt4/Alt5 is preconfigured/pre-indicated which don’t require an additional signalling per COT for requesting/triggering HARQ A/N feedback.
Observation:
· Alt1 requires an additional signalling for requesting/triggering HARQ A/N feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback.  

· Alt2 cannot overcome the hidden node problem because UE doesn’t know whether gNB receives the HARQ-ACK feedback or not.
· For Alt3, the transmission performance outside the COT may be worse than transmission inside the COT due to gNB be responsible for occupying the channel.
· Alt4/Alt5 enables UE to report HARQ-ACK feedback in preconfigured/pre-indicated multiple opportunities which can increase the HARQ-ACK feedback reliability effectively, although HARQ-ACK feedback overhead is worth to be considered/discussed.

According to the previous discussion, Alt2 cannot handle hidden node problem somehow. and we need some evaluation for confirming whether Alt3 is supported since HARQ-ACK performance outside the COT may be an important issue. Alt4/Alt5 increases the HARQ-ACK feedback reliability effectively by reporting HARQ-ACK feedback in preconfigured/pre-indicated multiple opportunities which is not requiring additional signalling per COT for requesting/triggering HARQ A/N feedback.
Proposal:
· Alt4/Alt5 can be supported.
3
Conclusions

In this contribution, potential alternatives to allow cross-COT HARQ-ACK feedback and multiple opportunities for HARQ-ACK feedback are discussed. Thus, we suggest that the following observations and proposal can be considered: 
Observation:
· Alt1 requires an additional signalling for requesting/triggering HARQ A/N feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback.  

· Alt2 cannot overcome the hidden node problem because UE doesn’t know whether gNB receives the HARQ-ACK feedback or not.
· For Alt3, the transmission performance outside the COT may be worse than transmission inside the COT due to gNB be responsible for occupying the channel.
· Alt4/Alt5 enables UE to report HARQ-ACK feedback in preconfigured/pre-indicated multiple opportunities which can increase the HARQ-ACK feedback reliability effectively, although HARQ-ACK feedback overhead is worth to be considered/discussed.
Proposal:
· Alt4/Alt5 can be supported.
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