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Introduction
This contribution provides our view on possible HARQ enhancements in NR-based access to Unlicensed spectrum (NR-U). 
Following aspects are discussed:
· Cross-COT HARQ-ACK feedback
· Multiple opportunities for HARQ-ACK feedback
· HARQ codebook size determination
· LBT related aspects for HARQ feedback
· Handling of the gap between DL and UL
· Multiple TTIs scheduling
· CBG-based HARQ and scheduling

In addition, the past agreements from RAN1#93 to RAN1#94bis are provided in annex.
Discussion
Cross-COT HARQ-ACK feedback to PDSCH
In RAN1#94, it has been agreed that HARQ-ACK feedback corresponding to PDSCHs of a COT can be reported outside of the COT. It would be beneficial if the feedback is not transmitted due to LBT failure or processing delay which are not sufficient for performing HARQ-ACK reporting in the current COT. Following Alt 1, 2 and 3 were listed as candidate solutions in the agreement in RAN1#94:
· 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

[bookmark: _GoBack]For alt 1, the gNB would trigger the UE to report the feedback(s) in the later COT(s) but gNB would not know later COT situation in advance. For alt 2, HARQ-ACK feedback from earlier COT(s) would be transmitted by predefined rules. The benefit for this alternative is it could save the resource for signaling, however, it mandates UE to always report HARQ-ACK thus lack of some flexibility based on gNB’s control. In addition, configured resources could not always be used by other gNBs/UEs/Wi-Fi devices. It leads unfairness of resource allocation among them. Thus, it would be better to avoid this alternative. For alt 3, the gNB indicates whether HARQ-ACK feedback should be transmitted in the current COT or a later COT to UE by PDSCH-to-HARQ-timing-indicator in the DCI. In this alternative, whether UE transmit HARQ feedback or not in the indicated COT depends on LBT outcome. Therefore, more predictable scheduling is possible. The overhead caused by the DCI can be mitigated by the DCI is sent via group-common manner.
Based on above, we would propose as follows:
Proposal 1: To request/trigger HARQ feedback from earlier COT(s) should be supported. 
· The request/trigger should be contained within the requested/triggered COT.

Multiple opportunities for HARQ-ACK feedback to PDSCH
In NR, HARQ-ACK feedback for any HARQ process to PDSCH has only one opportunity to be transmitted. In NR-U, however, the transmission of feedback could not always be guaranteed due to not only misdetection of PUCCH at gNB but also LBT failure. In order to improve the robustness of the system against LBT failure, to provide multiple opportunities for HARQ feedback was identified as beneficial. 
As potential candidate solutions for the issue, followings are agreed in RAN1#93:
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 addition, followings are summary of candidate solutions proposed in RAN1#94bis:
· Option 1: preconfigured/pre-indicated multiple opportunities
· 1a: Multiple candidate PUCCH/PUSCH in different BWPs or carriers
· 1b: Multiple candidate slots by providing multiple timings in PDSCH-to-HARQ-timing-indicator
· 1c: Multiple candidate slots in a sliding window (e.g. with size configured by RRC)
· Option 2: trigger multiple opportunities
· 2a: trigger aggregation of missed HARQ feedback reports with other HARQ feedback reports (i.e. for all or subset of the HARQ processes)
· 2b: trigger retransmission only for previous HARQ feedback (e.g. with a dedicated DCI)
· 2c: trigger feedback for all configured HARQ process (e.g. group feedback)

In option 1, when multiple opportunities for HARQ feedback is preconfigured/pre-indicated, other UEs/gNBs/Wi-Fi devices could be blocked frequently. Although option 1 could save signalling resources, we don’t think it desirable to block other traffic. 
For option 2, additional bits for triggering retransmission of previous feedback(s) or aggregation of missed feedback would be needed. Besides, when retransmission of previous feedback(s) is triggered, when/where it should be allocated should be indicated. Although further discussion on such additional signalling or indication should be needed for option 2, we think option 2 is better solution as it does not block other traffic.
Based on above, our proposal would be as follows:
Proposal 2: In NR-U, multiple opportunities for HARQ feedback should be triggered by gNB, not to be preconfigured.
· How to reduce DCI overhead should be discussed.
· HARQ codebook determination method and CBG should be discussed together.

HARQ codebook size determination
In current NR, two types of determining HARQ codebook size are supported: semi-static and dynamic. For semi-static codebook size determination, the codebook size is determined based on the maximum number of TBs across cells and PDCCH monitoring occasions in time. More bits for the feedback would be needed. How to determine "PDCCH monitoring occasions in time" needs to be discussed on the relation to COT. For dynamic codebook size determination, the codebook size is determined based on the actual number of received DCIs pointing to the same ACK slot. This needs less bits for the feedback than semi-static one, but more likely to cause a discrepancy of the codebook size between gNB and UE. In NR-U, whether transmissions succeed or not depend on not only whether the receiver can detect but also LBT outcome. 
Observation: How to determine HARQ codebook size needs further discussion.

LBT related aspects for HARQ feedback
Here we discuss which type of LBT should be allowed for HARQ feedback on PUCCH. There are three candidates: no LBT, cat-2 LBT or cat-4 LBT. 
Within gNB-initiated COT, UE could transmit PUCCH without performing LBT if the gap between DL and UL is within 16 us. If the gap is more than 16 us, UE should perform cat-2 LBT to transmit PUCCH. On the other hand, if UE transmits PUCCH outside of gNB-initiated COT, cat-2 or cat-4 LBT should be performed. 
We would propose supporting no-LBT and cat-2 LBT could be sufficient. No and cat-2 LBT for PUCCH is beneficial for CDM/FDM among PUCCH and reduced BD effort at gNB. Cat-2 LBT would be used when more coverage is required than no LBT case of less than 16us. On the other hand, there would be no need to support cat-4 LBT. In gNB-initiated COT, no LBT or cat-2 LBT could be sufficient enough and it would be sufficient for PUCCH to be transmitted within only gNB-initiated COT. 
For configured grant transmission and grant-based transmission of PUSCH outside of gNB initiated COT (if supported), piggy-back of HARQ feedback on PUSCH should be discussed separately.
Proposal 3: Supporting no LBT and cat-2 LBT could be sufficient for PUCCH. PUCCH is sent only gNB-initiated COT 

Handling of the gap between DL and UL
For HARQ-ACK feedback for the corresponding data in the same shared COT, there could be a processing gap between the last DL transmission and the following first UL HARQ feedback. In order to ensure one COT, the gap should be less than 16 usec or 25 usec. Thus, we would propose to allow filling the gap. It can be DL transmission or UL transmissions. DL transmission can be CSI-RS or the other PDSCH scheduling. UL transmission can be aperiodic CSI reporting, SRS and other PUSCH scheduling. 
Proposal 4: In the same shared COT, it should be supported to fill the gap between the last DL transmission and the following first UL HARQ feedback. 
· The gap can be filled by CSI-RS, the other PDSCH, CSI reporting, SRS, and the other PUSCH transmissions.

Multiple TTIs scheduling
In RAN1#93, it was agreed that scheduling multiple TTIs for PUSCH using a single UL grant. There are two options: one TB across multiple TTIs (option 1) or one TB per TTI (option 2). For option 1, it is already supported in Rel.15 NR for repetition. In case TB size is determined by over multiple TTIs, it can reduce the number of HARQ process but the TBS can be significantly larger than the value NR licensed band is supported. For option 2, it could reduce the number of DCI processed by UE as UE would have the limitation on the number of processing DCI. 
From above discussion, we would propose the following:
Proposal 5: For scheduling multiple TTIs for PUSCH using a single UL grant in NR-U, one TB allocation per TTI should be supported as well as one TB allocation across TTIs. FFS how to determine TB in case one TB allocation across TTIs.

CBG-based HARQ and scheduling
In NR, CBG-based HARQ feedback and scheduling have been already supported. It has a benefit of efficient HARQ feedback and retransmission. It would also be beneficial in NR-U.  
Proposal 6: CBG-based HARQ are supported.
Conclusion
Proposal 1: To request/trigger HARQ feedback from earlier COT(s) should be supported. 
Proposal 2: In NR-U, multiple opportunities for HARQ feedback should be triggered by gNB, not to be preconfigured.
· How to reduce DCI overhead should be discussed.
· HARQ codebook determination method and CBG should be discussed together.
Observation: How to determine HARQ codebook size needs further discussion.
Proposal 3: Supporting no LBT and cat-2 LBT could be sufficient for PUCCH. PUCCH is sent only gNB-initiated COT. 
Proposal 4: In the same shared COT, it should be supported to fill the gap between the last DL transmission and the following first UL HARQ feedback. 
· The gap can be filled by CSI-RS, the other PDSCH, CSI reporting, SRS, and the other PUSCH transmissions.
Proposal 5: For scheduling multiple TTIs for PUSCH using a single UL grant in NR-U, one TB allocation per TTI should be supported as well as one TB allocation across TTIs. FFS how to determine TB in case one TB allocation across TTIs.
Proposal 6: CBG-based HARQ are supported.
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Annex. 
Past agreements
Agreements in #93
	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

Agreement:
· Scheduling multiple TTIs for PUSCH each using a separate UL grant in the same PDCCH monitoring occasion is identified as beneficial 
· Scheduling multiple TTIs for PUSCH using a single UL grant is identified as beneficial and should be supported in NR-U



Agreements in #94
	Agreement: 
· NR-U should support both:
· [bookmark: OLE_LINK20]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




Agreements in #94bis
	Agreement:
A gap of up to 16 us should be allowed between the end of the DL transmission and the immediate transmission of feedback to accommodate for the hardware turnaround time
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