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Introduction
During the RAN1 AH 1901 meeting, HARQ enhancements was discussed and the following agreements were reached regarding the K1 values configuration for NR-U: 
	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



Furthermore, to enable multiple opportunities for HARQ A/N the following were agreed: 
	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)



In this contribution, we further discuss HARQ-ACK reporting enhancements for NR-U. 
Enhancements to HARQ Procedure
[bookmark: _GoBack]In NR, HARQ-ACK feedback is transmitted in the scheduled PUCCH/PUSCH resource without performing LBT. In NR-U, given that the UE may be required to perform LBT prior to send the ACK/NACK feedbacks, HARQ procedures, including the semi-static and the dynamic HARQ-ACK codebooks, need to be enhanced. More specifically, if the UE failed to transmit the HARQ-ACK codebook during the configured opportunity due to LBT failure, the gNB may trigger unnecessary retransmissions of the associated TBs. During the study item phase, the potential enhancements were extensively discussed, and 5 alternatives were captured in the TR [2] to support multiple HARQ-ACK opportunities. In the RAN1 AH#1901 meeting, it was agreed to support a gNB sending an indication to a UE to not transmit a HARQ A/N bit for the corresponding PDSCH, and rather store the A/N value in the buffer. Furthermore, it was agreed to support that the gNB can request the HARQ A/N feedback from earlier COT transmission(s), where the timing and resource is provided in a different DCI. Such solution can be used in the case where the downlink transmissions occurred in the last slots/symbols of the gNB initiated COT and where the processing time can exceed the remaining time of the shared COT. For example, the gNB can disable the HARQ feedback of TBs transmitted in the last slot of COT and triggers the feedback in the first slot of the next COT by assigning a PUCCH or PUSCH resource. Triggering the HARQ-ACK feedback of previous transmissions can also be used in case the gNB does not detect the PUCCH correctly due to e.g. collision, by giving another opportunity to the UE to transmit or retransmit the feedback by assigning a supplemental PUCCH resource. 
In our view, the agreement can be extended to support a DCI triggering multiple HARQ-ACK feedbacks of different TBs to be aggregated within the same HARQ-ACK codebook. For example, the gNB can disable the HARQ-ACK transmissions of multiple TBs from previous COT(s). The gNB may then in subsequent COT   request the HARQ-ACK of all stored A/N feedbacks as well as the HARQ A/Ns of which PUCCH failed due to e.g. collision. The triggering can be sent using one DCI. We thus propose the following:
Proposal 1: Support triggering multiple HARQ-ACK feedbacks with a single DCI in NR-U.

One option to trigger the HARQ-ACK feedback of multiple transmissions could be to use the HARQ processes IDs. The gNB can send a DCI containing a bitmap of all the configured HARQ IDs and requests a sub-set of the processes. A drawback of this option is the signaling overhead. For example, in case the UE is configured with 16 HARQ processes, 16 bits are needed to indicate for which HARQ ID A/N is requested. Another option is to reuse the dynamic HARQ codebook supported in NR with some enhancements. Dynamic codebook allows the gNB to dynamically indicate the number of the required HARQ-ACKs by using counter DAI and total DAI. One potential enhancement is to use HARQ-ACK codebook process, where the UE maintains multiple HARQ codebooks on its buffer and associates an A/N of TB based on the gNB indication. Such HARQ codebook process can be requested for transmission by the gNB using a DCI that gives a PUCCH resource as well as HARQ timing indication. We thus propose the following:
Proposal 2: Dynamic HARQ codebook should be enhanced to support aggregation of multiple HARQ-ACK feedbacks in NR-U. 
· Consider a UE buffering multiple HARQ-ACK codebook processes.
Conclusion
In this contribution, we discussed some enhancements to HARQ NR procedure to counter events unique to operation in unlicensed bands. In the following, above-discussed proposals are listed:
Proposal 1: Support triggering multiple HARQ-ACK feedbacks with a single DCI in NR-U.
Proposal 2: Dynamic HARQ codebook should be enhanced to support aggregation of multiple HARQ-ACK feedbacks in NR-U. 
· Consider a UE buffering multiple HARQ-ACK codebook processes.
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