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Background
In RAN#94 meeting the following agreements were made for HARQ feedback timing [1].
	Agreement: 
· NR-U should support both:
· 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




In this contribution we present our views on HARQ enhancement for NR-U operation.
 
Discussions
HARQ-ACK transmission opportunity
In NR-U cells, HARQ feedback may not be transmitted at the timing which gNB indicated, since the HARQ-ACK transmission has to be subject to LBT. In order to increase the probability to send the HARQ-ACK transmission, two major alternatives have been discussed [2]. The first alternative is to follow Rel-15 scheme that HARQ process is determined from PDSCH-to-HARQ-timing indicator, and the opportunities are increased by an additional rule to provide additional timing(s) for the associated HARQ feedback. The other alternative is to introduce triggering-based HARQ feedback, and the opportunities are increased by a new HARQ-ACK codebook generation which allows each HARQ-ACK information to be transmitted at multiple feedback occasions. These alternatives can be further divided into several minor alternatives.

· Alt 1: PDSCH-to-HARQ-timing indicator provide a linkage between HARQ process ID and feedback timing
· Alt 1-1: PDSCH-to-HARQ-timing indicator is extended to provide feedback resources in different slots and/or different sub-channels.
· Alt 1-2: Dropped HARQ information can be transmitted together with the next HARQ-ACK information in the next scheduled feedback occasion.
· Alt 2: HARQ process IDs are explicitly signaled or fixed, and trigger provides feedback timing
· Alt 2-1: HARQ-ACK bits for all configured HARQ processes are reported in a single feedback occasion.
· Alt 2-2: HARQ-ACK bits for the HARQ processes which are explicitly/implicitly indicated in DCI are reported in a single feedback occasion.

The biggest difference between Alt 1 and 2 is the number of DCIs which affect the derivation of HARQ-ACK codebook and/or HARQ feedback timing. With Alt 1, HARQ processes associated with a single HARQ feedback occasion may be determined from multiple DCIs which schedules the corresponding PDSCHs. In contrast, Alt 2 requires only one DCI to determine the HARQ feedback timing and/or HARQ processes to be reported. Because of LBT failures and collisions with another node’s transmission, NR-U operation has more difficulty to share same information via DCI between gNB and UE, compared with license band operations. Therefore, it is beneficial to support triggering based HARQ feedback for a fixed or explicitly signaled set of HARQ processes.

Proposal 1: 
· It is beneficial to support triggering based HARQ feedback for a fixed or explicitly signaled set of HARQ processes with a fixed or signaled HARQ-ACK codebook size.

Channel access procedure for HARQ-ACK transmission
In RAN1#93 it was identified to be beneficial for transmissions inside COT to support Cat-1 LBT for gap of less than 16us and Cat-2 LBT for gap of above 16us and not exceeding 25us [3]. In addition, in RAN1#94 it was agreed NR-U should support that HARQ feedback corresponding to some or all the PDSCHs of a channel occupancy can be reported in the same COT [1]. Therefore, both Cat-1 and Cat-2 LBTs should be allowed to apply HARQ feedback within the same COT as for the corresponding PDSCH(s). Of course UEs should also be able to use Cat-4 LBT for HARQ feedback if it is done outside of DL COT.

Proposal 2: 
· All of the Cat-1, Cat-2 and Cat-4 LBTs should be supported for HARQ feedback.

Multiple TTIs scheduling
Rel-15 NR supports 1) multiple TTIs with different TBs using multiple UL grants and 2) multiple TTIs for a same TB using a single UL grant, i.e. slot aggregation. We do not see the need to exclude these options for NR-U. In addition, in order to reduce DCI overhead, it is beneficial to support multiple TTIs for different TBs using single UL grant. Like eLAA, multiple TTI scheduling by a single DCI should support at least a contiguous transmission spanning multiple TTIs without any gap during the transmission. Whether it supports non-contiguous transmissions needs further considerations. 

Proposal 3: 
· It is beneficial to support multiple TTIs for different TBs using single UL grant.

Triggered grant
In RAN1#94 it was agreed NR-U should support that HARQ feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that COT [1]. If the DL COT contains PDSCHs intended for multiple UEs and HARQ-ACK reports are done outside the DL COT, all of these UEs has to perform Cat-4 LBT individually. This causes difficulty of HARQ-ACK multiplexing among the UEs. In order to make it easier, like eLAA PUSCH scheduling, triggered grant can be considered.

Proposal 3: 
· Triggered grant can be considered.

Conclusion
In this contribution we present our views on HARQ enhancement for NR-U operation, and we make the following proposals and observations:

Proposal 1: 
· It is beneficial to support triggering based HARQ feedback for a fixed or explicitly signaled set of HARQ processes with a fixed or signaled HARQ-ACK codebook size.
· Proposal 2: 
All of the Cat-1, Cat-2 and Cat-4 LBTs should be supported for HARQ feedback.
Proposal 3: 
· It is beneficial to support multiple TTIs for different TBs using single UL grant.
Proposal 3: 
· Triggered grant can be considered.
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