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Introduction
The NR-U WI is in progress in RAN1 [1]. In the January RAN1 ad hoc meeting, several agreements were reached on HARQ enhancements [2]:
Agreement:
· RRC parameter dl-DataToUL-ACK supports a value that can be signaled by PDSCH-to-HARQ-timing-indicator, which indicates that the UE needs to store the HARQ A/N feedback result for the corresponding PDSCH, and which does not provide any timing for the transmission of this HARQ A/N feedback result

Conclusion:
· No additional value of K1 signaled by PDSCH-to-HARQ-timing-indicator needs to be introduced for the purpose of requesting feedback outside the COT (i.e. Alt3 in TR38.889 section 7.2.1.3.3)
· Further discuss the details for determining the LBT type for the UE transmission of HARQ A/N feedback for this case
· Further discuss whether additional values need to be introduced for the purpose of requesting feedback inside the COT
· If additional values are introduced these can also be used for requesting feedback outside the COT
· Note: This does not necessitate that the UE needs to know whether the feedback is inside or outside the COT at the time when the feedback is requested

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)

Agreement:
Cross-carrier HARQ re-transmissions will not be discussed for NR-U in Rel-16.

This contribution discusses open issues as captured in [4].
NR-U HARQ Enhancements


HARQ A/N Feedback

Multiple alternatives have been discussed for HARQ ACK/NACK feedback opportunities, out of which Alt. 1 (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)) has been agreed to. Our views on the remaining alternatives are as follows.
· Alt2: UE is configured/allowed to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger
· In our understanding, this is similar to AUL operation for the purpose of HARQ feedback, with or without multiplexed UL-SCH. Therefore, this mechanism should be discussed in the context of configured grant enhancements, and a separate operational mode for HARQ ACK/NACK feedback is not necessary.
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Alt3: gNB requests feedback outside the COT by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
· This should be supported since HARQ ACK/NACK feedback within the same COT may not always be feasible due to processing delay or UL resource constraints.
· With regard to determining the LBT type for the UE transmission of HARQ A/N feedback for this case, this is dependent upon the channel access rules for PUCCH-only or UCI-on-PUSCH transmissions outside a COT. Cat-4 LBT is assumed to be the COT-initiation channel access mechanism for such transmissions, with the channel access priority class to be discussed further.
· Alt4: preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands
· The current wideband mode for NR-U allows (possibly discontiguous) transmissions in different LBT subbands in principle, however, the exact details remain under discussion. With Alt4, it is assumed that a UE is over-allocated resources on different subbands in order to mitigate the impact of LBT failure. This should be a scheduler choice and may be feasible via implementation without major specification impact.
· Alt5: preconfigured/pre-indicated multiple opportunities in time domain
· This appears to be an over-optimization, given that Alt1 is already supported and Alt3 is expected to be agreed in addition. 


 Proposal 1:  Alt2 should be discussed in the context of configured grant enhancements, and a separate operational mode for autonomous HARQ ACK/NACK feedback is not necessary.
Proposal 2: Alt3 is supported, i.e., gNB can request feedback outside the COT by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH	. Cat-4 LBT is assumed to be the COT-initiation channel access mechanism for UE transmission of HARQ A/N feedback in this case.

Scheduling Enhancements
Multi-TTI UL grant

Multi-TTI UL scheduling was stated to be beneficial in TR 38.889 [3]. From RAN1#95, 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. Therefore, our interpretation of multi-TTI UL grant is the scheduling multiple TTIs for PUSCH with different TBs.
In eLAA, the multi-subframe UL grant in DCI Format 0B/4B can schedule two or four contiguous UL subframes. However, NR-U is more agile in terms of channel occupancy and multiple DL-UL switches are possible within a COT. Therefore, gaps should be allowed in the UL slots scheduled via a multi-TTI grant. This can be beneficial in at least the following cases:
· Cross-carrier scheduling where the scheduling cell indicates a multi-TTI grant on a serving cell with a U-D-U COT structure and the UE’s grant spans the first and second UL portions of the COT.
· Self-scheduling on a cell with a U-D-U COT structure and the UE’s grant spans the first and second UL portions of the COT, where the UL grant is transmitted in a previous COT.
· Self-scheduling on a cell with a D-U-D-U COT structure and the UE’s grant spans the first and second UL portions of the COT.
If multiple UL grants are needed to schedule UL transmissions from the same UE in the above scenarios, then the utility of multi-TTI scheduling is greatly diminished. Furthermore, there is no justification to constrain multi-TTI SUL more than AUL which can have non-contiguous UL slots configured in the AUL resource allocation (for e.g., via bitmap). How to indicate gaps in the scheduled multiple UL TTIs? This can for example either be indicated directly in the DCI, or via a combination of COT structure indication in GC-PDCCH and multi-TTI UL grant.
Proposal 3:  Multi-TTI UL grants can indicate non-time-contiguous UL transmissions.
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Two-stage UL grant
eLAA also contains a two-stage UL grant feature where an explicit trigger is used to indicate to UEs that their PUSCH transmission can take place. This feature is meant to circumvent the UL grant-to-PUSCH delay inherent in LTE. However, since the processing delay in NR is lower than LTE, the only scenario where this feature could be useful is in a mixed slot where the trigger is sent in the DL mini-slot portion to trigger PUSCH in the UL mini-slot. Given the additional complexities in NR-U such as sub-symbol starting positions, multiple starting symbols and gap-dependent LBT, we believe two-stage grants are not a necessary feature.
Proposal 4: Two-stage UL grants are not supported in NR-U.
Summary
In this contribution we examined HARQ enhancements and UL scheduling for NR-U. The following observations and proposals ensued.
Proposal 1:  Alt2 should be discussed in the context of configured grant enhancements, and a separate operational mode for autonomous HARQ ACK/NACK feedback is not necessary.
Proposal 2: Alt3 is supported, i.e., gNB can request feedback outside the COT by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH	. Cat-4 LBT is assumed to be the COT-initiation channel access mechanism for UE transmission of HARQ A/N feedback in this case.
Proposal 3:  Multi-TTI UL grants can indicate non-time-contiguous UL transmissions.
Proposal 4: Two-stage UL grants are not supported in NR-U.
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