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1 Introduction
At the last RAN plenary meeting, RAN approved a work item description on NR-based access to unlicensed spectrum [1]. RAN1 commenced its work during the RAN1 AH #1 meeting in January where the following was agreed:

	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.


In this contribution, we present details on aspects related to the design of HARQ procedures for NR-U.
2 Design of HARQ procedures for NR-U
For NR operation in unlicensed bands, transmitting all HARQ A/N feedback for the corresponding data in the same shared COT is beneficial in order to not rely on another clear channel assessment. In other words, a single transaction comprising assignment, data and acknowledgment all depend on a single LBT outcome and are transmitted in the same shared COT. The TR captures the following [2]:
	Transmission of HARQ A/N for the corresponding data in the same shared COT is identified as beneficial. For NR-U, the design strives 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. A gap of up to 16 ms should be allowed between the end of the DL transmission and the immediate transmission of feedback to accommodate for the hardware turnaround time. 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.


The burden on the UE to actually accomplish this depends on where in the COT the corresponding data is transmitted. If the PDSCH is at the beginning or in the middle of the COT, the UE has plenty of time to decode the PDSCH and to prepare the PUSCH or PUCCH carrying the HARQ A/N feedback whereby said PUSCH/PUCCH must be transmitted within the same shared COT. If, on the other hand, the PDSCH is scheduled towards the end of a COT, it is rather challenging for the UE to decode the PDSCH and prepare the HARQ A/N feedback before the end of the COT. 

For a PDSCH at the beginning or in the middle of a COT, the processing time required at the UE for the decoding and preparation of the PDSCH and PUSCH/PUCCH, respectively, can be filled with other PDSCH transmissions either to the same UE or another UE. Such a design is called a HARQ interlace. For example, K1 could be configured such that HARQ A/N feedback is transmitted at the end of the next slot following the slot in which the corresponding PDSCH was transmitted honouring the UE capability N1 for K1. However, towards the end of the COT such an interlace is not possible because the HARQ A/N feedback would fall outside the COT. At the same time, in order to achieve the HARQ A/N feedback in the same COT, there must be a gap between the HARQ A/N feedback and the corresponding data transmission to honour the UE capability N1 for K1. Such gaps can be created by rearranging channels and signals within the COT. Note that this creates no additional overhead, rather channels and signals are simply organized in such a way within a COT that they create gaps between PDSCH and PUSCH/PUCCH transmissions carrying HARQ A/N feedback that are most beneficial to the efficiency of the operation of NR-U.

Such a procedure is actually fairly consistent with the overall design paradigm of NR-U and beneficial irrespective of HARQ considerations [3]

 REF _Ref534997190 \r \h 
[4]. 

Proposal 1: NR signals and channels for the purpose of CSI measurement and reporting such as CSI-RS, SRS, PUCCH and PUSCH without data can be flexibly triggered/scheduled and aperiodic operation is the basic means of operation for 
NR-U
In cases where transmitting HARQ A/N feedback for the corresponding data in the same shared COT is not possible, the TR offers several alternatives for enhancements [2].
	To support HARQ feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that channel occupancy, the following 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

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.

Further details on potential solutions to allow cross-COT HARQ-ACK feedback and multiple opportunities for HARQ-ACK feedback are provided in Table 7.2.1.3.3-1.
Table 7.2.1.3.3-1: 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




At the last RAN1 AH 1901 meeting it was already agreed that the gNB can defer a HARQ ACK/NACK transmission via DCI indication thereby instructing the UE to store the PDSCH feedback. At the time of indication, it was agreed, no timing information for the transmission of this HARQ ACK/NACK feedback is provided. 
In another agreement, RAN1 agreed that a gNB can request or trigger feedback for PDSCH transmissions from earlier COT(s). Since the timing for the deferred HARQ feedback is not indicated by the deferring DCI, such a request or trigger requires the exact HARQ feedback timing and associated resources for the UE to be able to feedback the HARQ ACK/NACK. Moreover, the UE has to be indicated for which PDSCH to feedback deferred HARQ ACK/NACK information in the allocated time/frequency resources. 
Our preference is a modified scheduling DCI that allows for grouping of triggers/requests for multiple PDSCH with deferred HARQ ACK/NACK feedback. Ideally, the modified scheduling DCI is a stripped down version of an existing DCI format which can then be concatenated for multiple PDSCHs for which the gNB would like to receive deferred HARQ A/N feedback. 
If the length of the concatenated modified scheduling DCIs matches an existing DCI format, no additional blind decodes are necessary at the UE. On the other hand, if a different DCI length is defined, the UE can distinguish a scheduling DCI from one that merely triggers/polls DCI feedback for already transmitted PDSCHs at the expense of additional blind decoding attempts.
One issue that has to be addressed is that the number of HARQ ACK/NACKs a UE may have stored for deferred feedback may differ from COT to COT due to the burstiness of data arrival at the gNB MAC buffer and the load at the gNB scheduler at the time it multiplexes UEs into a COT. Zero-padding concatenated DCIs triggering deferred HARQ ACK/NACK feedback then increases overhead. Otherwise, if the UE has to blindly detect the number of concatenations, blind decodes and consequently UE power consumption is increased. At the same time, individually requesting deferred HARQ ACK/NACK feedback also increases control overhead and potentially overall L3 ingress/egress latency. A good number of PDSCHs that can be requested/triggered as one group can be determined once the DCI design for a single PDSCH HARQ ACK/NACK feedback is clearer. 
In addition to these details pertinent to the DCI and DL design, a new HARQ ACK/NACK codebook is needed for the case where for a group of PDSCHs deferred HARQ ACK/NACK feedback is triggered. Such a codebook creates a mapping between the HARQ IDs in the DCI and the actual HARQ ACK/NACK feedback for the group of PDSCHs. Note that such explicit indication in the DCI is not necessarily required but preferred. 
Proposal 2: 

· A modified scheduling DCI is used to trigger/request HARQ ACK/NACK transmissions that have previously been deferred

· Several such modified scheduling DCIs can be concatenated and transmitted in a single PDCCH transmission

· Explicit indication of the PDSCHs for which deferred HARQ ACK/NACK feedback is triggered is preferred 
3 Conclusion

This contribution presented our views on aspects related to the design of HARQ procedures for NR-U. The following is proposed:

Proposal 1: NR signals and channels for the purpose of CSI measurement and reporting such as CSI-RS, SRS, PUCCH and PUSCH without data can be flexibly triggered/scheduled and aperiodic operation is the basic means of operation for 
NR-U
Proposal 2: 

· A modified scheduling DCI is used to trigger/request HARQ ACK/NACK transmissions that have previously been deferred

· Several such modified scheduling DCIs can be concatenated and transmitted in a single PDCCH transmission

· Explicit indication of the PDSCHs for which deferred HARQ ACK/NACK feedback is triggered is preferred 
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