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1. Introduction
It was agreed in RAN1 meeting #92 [1], in NR-U, HARQ-ACK feedback could be transmitted in unlicensed bands in the CA/DC and standalone deployment scenarios. This is quite different from LTE, wherein HARQ-ACK is fed back via the primary cell in the licensed band. In unlicensed bands, HARQ-ACK transmission is subject to the result of LBT. To reduce the uncertainty of LBT and latency, the following agreement was reached in RAN1 meeting #94 [2].
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

Transmitting the HARQ-ACK information corresponding to all the PDSCHs in the same shared COT is obviously beneficial. However, in some scenarios, the HARQ-ACK information of certain PDSCHs cannot be transmitted in the same shared COT due to the limitation of the current NR UE processing time capabilities. Alternatively, the HARQ-ACK information can be transmitted in a separate COT from the one in which the corresponding data is transmitted. When the HARQ-ACK information corresponding to PDSCHs is transmitted on unlicensed bands, NR-U considers mechanisms to support flexible triggering and multiplexing of HARQ feedback for one or more DL HARQ processes. In this contribution, we discuss the COT-level HARQ-ACK feedback timing indication and HARQ-ACK codebook enhancements.
2. Discussion 
2.1 COT-level HARQ-ACK feedback timing indication.
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]As shown in Figure 1, for a UCI containing HARQ-ACK information transmitting in a PUCCH in slot M, the PDSCHs transmitting in slot M-2 and M-1 satisfying the UE processing time requirements can be fed back in slot M. On the contrary, the PDSCH transmitting in slot M cannot be fed back in slot M because of the UE processing time limitation. As a consequence, the HARQ-ACK information corresponding to the PDSCH transmitting in slot M will be fed back in the following COT.


[bookmark: _Ref509395175]Figure 1. Example of NR-U PDSCH transmission and HARQ-ACK feedback
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK12]Considering the uncertainty of LBT success, gNB may not be aware of the accurate HARQ-ACK timing for the PDSCH in slot M when gNB transmits the corresponding scheduling DCI. In addition, the HARQ-ACK timing for the PDSCH in a separate COT may exceed the range of K1 defined in R15. Therefore, the accurate slot-level HARQ-ACK feedback timing indication seems to be inappropriate in such scenario, instead, a coarse HARQ-ACK feedback timing indication, e.g. COT-level HARQ-ACK feedback timing indication, for PDSCHs to be fed back in a separate COT is necessary. 
Observation 1: A coarse HARQ-ACK feedback timing indication for PDSCHs to be fed back in a separate COT is necessary. 
Proposal 1: COT-level HARQ-ACK feedback timing indication should be supported for NR-U at least for PDSCHs to be fed back in a separate COT.
2.2 HARQ feedback mechanism enhancement
In RAN1 meeting #93 [3], the following agreement on HARQ feedback mechanisms was reached.
Agreement:
· [bookmark: OLE_LINK13][bookmark: OLE_LINK14]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

It has been pointed out that gNB may not be aware of the accurate slot-level HARQ-ACK timing for PDSCHs to be fed back in a separate COT at the time of sending the corresponding scheduling DCI due to the uncertainty of LBT success, it is proposed to consider the following three alternatives to solve this issue in RAN1 meeting #94 [2].
· 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

Alt1 is the most flexible solution, it also requires the most specification work. New DCI signaling needs to be designed to support triggering feedback for PDSCH from earlier COT(s).
Alt2 lacks of flexibility and may lead to misunderstanding between gNB and UE in some circumstances. 
Alt3 requires little specification work but provides sufficient flexibility.
[bookmark: _GoBack]Proposal 2: At least Alt3 should be support for NR-U. For Alt1, DCI signaling triggering feedback for PDSCHs from earlier COT(s) should be further studied.
HARQ feedback for PDSCH(s) from the earlier COT can be either send alone as shown in Figure 1 or multiplexed with HARQ feedback for PDSCHs in the current COT as shown in Figure 2.


Figure 2. Multiplexing of HARQ-ACK information of PDSCHs from the earlier COT and PDSCHs in the current COT
For the case when UCI only contains HARQ-ACK information for PDSCH(s) from the earlier COT, both semi-static HARQ-ACK codebook and dynamic HARQ-ACK codebook can work without much specification work except that for the semi-static HARQ-ACK codebook the DL association set should be redefined. 
For the case when UCI contains HARQ-ACK information for both PDSCH(s) from the earlier COT and PDSCH(s) in the current COT, HARQ feedback mechanisms should be further studied. For dynamic HARQ-ACK codebook DAI mechanism can be applied across COT, counter DAIs corresponding to PDSCHs feedback in the same PUCCH should be successive. The semi-static HARQ-ACK codebook can be divided into two sub-codebooks, the first one contains the HARQ-ACK information of PDSCHs in the former COT while the second one contains the HARQ-ACK information of PDSCHs in the current COT. The second sub-codebook is the current NR semi-static HARQ-ACK codebook. For the first sub-codebook, the number of occasions for candidate PDSCH receptions or the number of slots for candidate PDSCH receptions can be configured by RRC signalling.
Although dynamic HARQ-ACK codebook can easy support HARQ-ACK information of PDSCH(s) from the earlier COT with little specification work, considering the possible interference from hidden nodes, semi-static HARQ-ACK codebook is more robust to miss-detection and false-alarm compared with dynamic HARQ-ACK codebook. Based on the above discussion, we have following proposal,
Proposal 3: Enhancements for both semi-static HARQ-ACK codebook and dynamic HARQ-ACK codebook should be studied.
3. Conclusion
In this contribution, we present our views on HARQ enhancements in NR-U, based on the above discussion, we have the following proposals:
Observation 1: A coarse HARQ-ACK feedback timing indication for PDSCHs to be fed back in a separate COT is necessary. 
Proposal 1: COT-level HARQ-ACK feedback timing indication should be supported for NR-U at least for PDSCHs to be fed back in a separate COT.
Proposal 2: At least Alt3 should be support for NR-U. For Alt1, DCI signaling triggering feedback for PDSCHs from earlier COT(s) should be further studied.
Proposal 3: Enhancements for both semi-static HARQ-ACK codebook and dynamic HARQ-ACK codebook should be studied.
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