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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:
· Additional HARQ-ACK transmission opportunities
· HARQ codebook size determination
· Handling of the gap between DL and UL
· Multiple TTIs scheduling
· CBG-based HARQ and scheduling

Discussion
Additional HARQ-ACK transmission opportunities
In RAN1#94, it has been agreed that HARQ-ACK feedback corresponding to PDSCHs of a COT can be reported outside of the COT. This agreement is beneficial when the feedback is not transmitted due to LBT failure or when the processing delay is not sufficient for HARQ-ACK reporting in the current COT. For the resource where HARQ-ACK feedback over PUCCH for separated COT should be sent, it should be in a shared COT, as stated in companion contribution [1]. In addition, to provide multiple opportunities for HARQ feedback was also identified as beneficial. The feedback transmission could not always be guaranteed due to PUCCH misdetection and/or LBT failure. Following five alternatives were listed as candidate solutions to allow cross-COT HARQ-ACK feedback and multiple opportunities for HARQ-ACK feedback:
· Alt1: gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback
· 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
· Alt4: preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands
· Alt5: preconfigured/pre-indicated multiple opportunities in time domain

For alt 1, the gNB would trigger the UE to report the feedback(s) in the later COT(s). Both the way with and without explicit signaling of HARQ process ID were discussed. For alt 2, 4 and 5, HARQ-ACK feedback from earlier COT(s) would be transmitted by predefined rules. The benefit for these alternatives 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 these alternatives. 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.
Although dynamically triggered method and pre-configured method are clearly separated on the above alternatives, a combination between dynamically triggered and pre-configured could be beneficial. In dynamic way, additional HARQ-ACK feedback opportunities could be triggered dynamically but DCI overhead could be increased depending on what is indicated by the trigger. In pre-configured way, DCI overhead would not be increased but could cause unfairness of resource allocation with other devices. 
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.
· To lower DCI overhead, the combination between pre-configured resource and dynamic trigger should be used.

HARQ codebook size determination
In licensed band NR, two types of HARQ codebook size determination are supported: semi-static and dynamic. For semi-static codebook size determination, the codebook size is determined based on the maximum number of TBs (and CBGs) 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 and more aligned of the codebook size understanding between gNB and UE by the signaling in DCI. DCI payload size increase by DAI is based on log(n) order but HARQ-ACK bits increase is based on n order of actual transmission. Therefore, the signaling overhead by DAI is smaller than the signaling overhead by linear increase of HARQ-ACK bits[2]. Note that DAI should reflect the outcome of LBT as NR-U transmission is influenced by LBT outcome.
Proposal 2: At least dynamic codebook size determination should be supported. 

Handling of the gap between DL and UL
For LBT category of an UL burst for a UE within a gNB-initiated COT, it was agreed that only when the gap from the end of the DL transmission to the beginning of the UL burst is not more than 16 usec, the UE could transmit immediately. If the gap is more than 16 usec, the UE has to operate cat-2 LBT. Since another device could obtain the channel if LBT is operated, it would be beneficial that the gap between DL and UL is not more than 16 usec.
For HARQ-ACK feedback for the corresponding data in the same shared COT, a processing gap between the last DL transmission and the following first UL HARQ feedback are necessary. In order to ensure one COT, the gap should be less than 16 usec or 25 usec. To shorten the gap, support transmissions within the gap were agreed as beneficial. In order to support such transmissions, both UL (e.g. CSI reporting, SRS or other PUSCH) and DL (e.g. CSI-RS or other PDSCH) were considered. 
To shorten the gap within 16 usec, at least DL transmissions would be needed as support transmissions. In ETSI 301 893 [3], the gap to determine LBT category is defined from the initiation device (gNB in gNB initiated-COT) to the responding device (UE). Therefore, if SRS, CSI reporting or other PUSCH corresponding to another UE is transmitted between the DL and the UL, the UE corresponding to the UL could not transmit without LBT. On the other hand, to transmit DL as support transmissions could enable to shorten the gap within 16 usec.


Fig 1. Support transmission by UL and DL
Based on above, we would propose to support at least DL transmission (e.g. CSI-RS or other PDSCH) as support transmission to shorten the gap length. Depending on the SCS choice, less than 16 usec or 25 usec cannot be achieved by symbol granularity of the transmission. In such case, partial symbol transmission is realized by gNB as the implementation. UE is not required to support partial symbol transmission. 
Proposal 3: In the same shared COT, to fill the gap between the end of the DL and the beginning of the UL by DL transmission (e.g. CSI-RS or PDSCH) should at least be supported.

Multiple TTIs scheduling
In RAN1#95, following options were discussed:
· Scheme 1 (already agreed): for scheduling multiple TTIs for PUSCH using a single UL grant:
· Scheme 1a: same TB
· One TB rate-matched across all TTIs
· Same TB with different RV in different TTIs (as in Rel-15 NR)
· Scheme 1b: different TBs
· Scheme 2 (identified as beneficial): Scheduling multiple TTIs with different TBs for PUSCH using multiple UL grants in the same PDCCH monitoring occasion
· Scheme 3: for scheduling multiple TTIs for PDSCH using a single DL assignment
· Scheme 3a: same TB (supported in Rel-15)
· Scheme 3b: different TBs

As mentioned in above, at least scheme 1b should be supported. It can reduce the number of PDCCH transmissions and the number of blind decoding of PDCCH can be reduced. As the number of blind decodings of PDCCH are limited, the efficient way to schedule different TBs like scheme 1b is beneficial.
[bookmark: _GoBack]For scheme 1a and 3a, they could be supported as no change from Rel.15 NR. On the other hand, it would not be so essential as NR-U coverage might be limited. 
From above discussion, we would propose the following:
[bookmark: _Hlk534795126]Proposal 4: In NR-U, for scheduling multiple TTIs for PUSCH using a single UL grant in NR-U, to schedule different TBs should be supported. 

CBG-based HARQ and scheduling
LTE-LAA supports dynamic CWS adaptation based on HARQ-ACK feedback corresponding to the TBs sent over the LAA carrier. If more than a certain percentage (e.g. 80% in Rel.13 LTE-LAA) of HARQ-ACK corresponding to the TBs in the first subframe are NACK/DTX, the CWS is increased; otherwise, the CWS is reset to the minimum value. This function could reduce collisions among nodes and provide efficient resource usage. 
In RAN1#95, in case of CBG-based HARQ and LBT cat-4, enhancements for defining how to adjust the CWS based on TB- and CBG-level HARQ-ACK were agreed as beneficial. From our perspective, however, the CWS adaptation based on only TB-level HARQ-ACK could be sufficient. If collisions happen among other nodes like Wi-Fi, LAA or other NR nodes, most of CBG-based HARQ-ACK feedbacks corresponding to a TB would be more likely to NACK/DTX. Although collisions of one or a few symbol(s) by other nodes could cause only some CBG’s NACK/DTX but not the whole TB’s NACK/DTX, we consider that could be less event compared with some CBG's NACK/DTX caused by channel condition like fading.
[bookmark: _Hlk534795135]Proposal 5: For CWS adaptation, to consider only TB-level HARQ-ACK feedback could be sufficient.
Conclusion
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.
· To lower DCI overhead, the combination between pre-configured resource and dynamic trigger should be used.
Proposal 2: At least dynamic codebook size determination should be supported.
Proposal 3: In the same shared COT, to fill the gap between the end of the DL and the beginning of the UL by DL transmission (e.g. CSI-RS or PDSCH) should at least be supported.
Proposal 4: In NR-U, for scheduling multiple TTIs for PUSCH using a single UL grant in NR-U, to schedule different TBs should be supported. 
Proposal 5: For CWS adaptation, to consider only TB-level HARQ-ACK feedback could be sufficient.
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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



Agreement in RAN1#95:
	Agreement:
Introduce signaling a value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH that tells the UE that the timing and resource for HARQ-ACK feedback for the corresponding PDSCH will be determined later.
Agreement:
It is beneficial to be able to support transmissions (e.g. CSI reporting or SRS, or other PUSCH, or CSI-RS, or other PDSCH) in the time between one DL data transmission for a UE and the corresponding UL transmission of DL HARQ feedback for the same UE within a shared COT.
· Potential enhancements for such type of operation, e.g. by possibly pre-configured or pre-determined uplink transmissions for reducing signaling overhead for these transmissions, may be beneficial.

Agreement:
Capture the table below in the TR for describing the potential solutions to allow cross-COT HARQ-ACK feedback and multiple opportunities for HARQ-ACK feedback.
	
	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



Agreement:
The previous agreement on multi-TTI scheduling implies that NR-U should at least support scheduling multiple TBs with different HARQ process IDs in multiple slots using a single UL grant
Agreement:
In case of CBG-based HARQ and LBT category 4, enhancements for defining how to adjust the contention window size (CWS) based on TB-level HARQ-ACK and CBG-level HARQ-ACK would be beneficial.
Agreement:
Capture the following in the TR:
· A possible enhancement for dynamic HARQ codebook is to support a larger DAI field to accommodate for possibly missing more than 4 PDSCH transmissions, which is more likely to occur on unlicensed spectrum
· Enhancements are necessary for aligning the dynamic HARQ codebook between UE and gNB
· Alt. 1 allows triggering/requesting a report for missed or unreported HARQ-ACK feedback in case of LBT failure for PUCCH/PUSCH transmission, or in case of PUCCH/PUSCH detection failure at gNB, or in case of PDCCH detection failure at UE, or in case of HARQ-ACK feedback pending from earlier COT(s)
· Alt. 2 allows reporting unreported HARQ-ACK feedback in case of LBT failure for PUCCH/PUSCH transmission, or in case of HARQ-ACK feedback pending from earlier COT(s)
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