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1. Introduction
The following agreements related to NR-U HARQ enhancements were reached in RAN1 meeting #95 [1].
Agreement:
Introduce signaling a value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH that tells the UE that the timing and resource for HARQ-ACK feedback for the corresponding PDSCH will be determined later.
Agreement:
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.

Agreement:
Capture the table below in the TR for describing the potential solutions to allow cross-COT HARQ-ACK feedback and multiple opportunities for HARQ-ACK feedback.

	
	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)
	[bookmark: _GoBack]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



Agreement:
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
Agreement:
In case of CBG-based HARQ and LBT category 4, enhancements for defining how to adjust the contention window size (CWS) based on TB-level HARQ-ACK and CBG-level HARQ-ACK would be beneficial.
Agreement:
Capture the following in the TR:
· A possible enhancement for dynamic HARQ codebook is to support a larger DAI field to accommodate for possibly missing more than 4 PDSCH transmissions, which is more likely to occur on unlicensed spectrum
· Enhancements are necessary for aligning the dynamic HARQ codebook between UE and gNB
· Alt. 1 allows triggering/requesting a report for missed or unreported HARQ-ACK feedback in case of LBT failure for PUCCH/PUSCH transmission, or in case of PUCCH/PUSCH detection failure at gNB, or in case of PDCCH detection failure at UE, or in case of HARQ-ACK feedback pending from earlier COT(s)
· Alt. 2 allows reporting unreported HARQ-ACK feedback in case of LBT failure for PUCCH/PUSCH transmission, or in case of HARQ-ACK feedback pending from earlier COT(s)

In this contribution, we discuss NR-U HARQ related issues including HARQ-ACK timing indication, dynamic and semi-static HARQ-ACK codebook enhancements and multi-TTI scheduling.	
2. Discussion 
2.1 HARQ-ACK feedback timing indication
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]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 subsequent COT from the one in which the corresponding data is transmitted. As shown in Figure 1, for a UCI containing HARQ-ACK information transmitting in a PUCCH in slot M, the PDSCH transmitting in slot M-3 satisfying the UE processing time requirements can be fed back in slot M. On the contrary, the PDSCH transmitting in slot M-2 and M-1 cannot be fed back in slot M because of the UE processing time limitation. As a consequence, the HARQ-ACK information corresponding to the PDSCHs transmitting in slot M-2 and M-1 will be fed back in the subsequent COT.


[bookmark: _Ref509395175]Figure 1. Example of NR-U PDSCH transmission and HARQ-ACK feedback
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]It has been agreed to introduce signaling a value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH that tells the UE that the timing and resource for HARQ-ACK feedback for the corresponding PDSCH will be determined later [1]. Although this agreement was reached based on the discussion of the scenario where the HARQ-ACK information is transmitted in a subsequent COT, it can also be applied to the scenario where the HARQ-ACK information is transmitted in the same shared COT especially for the scenario where the SCS of PUCCH is large.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Assume gNB obtains a 8ms MCOT and there is only one DL/UL switching point within the COT. The SCS of PUCCH is 60kHz. For PDSCHs to be fed back in the same shared COT, the range of K1 is [0, 31]. In R15, the maximum size of K1 configured by RRC is 8 which is much less than the size of K1 in the example. A direct solution of this issue is to increase the bits of K1 field in DCI and to configure a larger set of K1 by RRC signaling. To reduce the signaling overhead and decrease the specification work, for PDSCHs coming in the first few slots of a COT, a value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH can indicate that the timing and resource for HARQ-ACK feedback for the corresponding PDSCH will be determined later. In addition, the coarse value of K1 can indicate whether the HARQ-ACK information is transmitted in the same shared COT. If so, the accurate timing for HARQ-ACK feedback can be determined by other DCI(s) scheduling PDSCH(s) to be fed back in the same shared COT with accurate indications of K1. Alternatively, it can also be determined by a triggering DCI. For dynamic HARQ-ACK codebook, the risk of this method is the missing detection of the last DCI(s), in such a scenario, the accurate HARQ-ACK timing and PUCCH resource information may not be determined, however, if the missing detection of the last DCI(s) happens, the size of the HARQ-ACK codebook cannot be determined either. For semi-static HARQ-ACK codebook, the risk of this method is the missing detection of all the DCIs which is unlikely to happen. Even so, this issue can be solved by retransmission of PDSCHs.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 1: A value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH that tells the UE that the timing and resource for HARQ-ACK feedback for the corresponding PDSCH will be determined later should be applied to PDSCHs to be fed back both in the same shared COT and in a subsequent COT. In addition, this value can indicate whether the HARQ-ACK information is transmitted in the same shared COT.
2.2 Dynamic HARQ-ACK codebook enhancement
To enable HARQ-ACK information be fed back in a subsequent COT, several alternatives have been agreed in RAN1 meeting #95 [1]. Alt1 is preferred by a majority of companies. 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). This mechanism is quite suitable for the dynamic HARQ-ACK codebook the size of which dynamically changes with DL grants. Dynamic HARQ-ACK codebook enhancements should take into account the triggering DCI in NR-U. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]In some scenarios, for example, PUCCH is miss detected at gNB, gNB needs to trigger the HARQ-ACK feedback for multiple PDSCHs. If a triggering DCI can only contain the triggering information of one PDSCH. Multiple triggering DCIs are necessary and the blind decoding requirements for UEs will be increased. An alternative solution is to use HARQ-ACK group based triggering mechanism. gNB can assign a group ID for each PDSCH and a triggering DCI can trigger the PDSCHs with the same group ID. A HARQ-ACK group based triggering mechanism is also brought out in [4], it supports triggering multiple groups using a single DCI, however, it has the limitation that only continuous groups can be triggered. Considering the complex wireless environment in NR-U, quite a few issues should be considered for the triggering mechanism including LBT failure for PUCCH/PUSCH transmission, PUCCH/PUSCH detection failure at gNB, PDCCH detection failure at UE, and HARQ-ACK feedback pending from earlier COT(s) [1]. To enable the stability of the mechanism and make sure gNB and UE have the same understanding of the HARQ-ACK information, the group index should be contained in the triggering DCI.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Proposal 2: Dynamic HARQ-ACK codebook enhancements should take into account the triggering DCI in NR-U. HARQ-ACK group based triggering should be supported and the group index should be contained in the triggering DCI.
2.3 Semi-static HARQ-ACK codebook enhancements
Although dynamic HARQ-ACK codebook is beneficial for the PUCCH resource, nevertheless, due to the complex wireless environment in NR-U, semi-static HARQ-ACK codebook is more robust to miss-detection and false-alarm compared with dynamic HARQ-ACK codebook. 
The size of NR R15 semi-static HARQ-ACK codebook is based on the set of K1. In case when the HARQ-ACK information is transmitted in the same shared COT, NR R15 semi-static HARQ-ACK codebook can work well without any enhancement. However, in case when the HARQ-ACK information is transmitted in a subsequent COT, current NR R15 semi-static HARQ-ACK codebook cannot work in this scenario and needs to be enhanced.
To solve this issue, the semi-static HARQ-ACK codebook can be divided into two sub-codebooks, the first one contains the HARQ-ACK information of the PDSCHs in the former COT while the second one contains the HARQ-ACK information of the PDSCHs in the current COT. The second sub-codebook is the NR R15 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.
Proposal 3: NR-U semi-static HARQ-ACK codebook consists of 2 sub-codebooks, the first sub-codebook contains the HARQ-ACK information of the PDSCHs in the former COT while the second sub-codebook contains the HARQ-ACK information of the PDSCHs in the current COT.
· 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.
· The second sub-codebook is the NR R15 semi-static HARQ-ACK codebook.
2.4 Multi-TTI scheduling
In NR-U, few DL/UL switch points are allowed in one COT to avoid LBT issues. With such a COT structure it is likely that there is a long string of DL slots followed by a long string of UL slots. In RAN1 meeting #93, it was agreed that scheduling multiple TTIs for PUSCH using a single UL grant is identified as beneficial and should be supported in NR-U [2]. It is further clarified that NR-U should at least support scheduling multiple TBs with different HARQ process IDs in multiple slots using a single UL grant in RAN1 meeting #95 [1]. LTE feLAA also supports scheduling multiple TBs with different HARQ process IDs in multiple slots using a single UL grant. The feLAA mechanism can be used as a starting point for NR-U. However, LTE has less flexibility compared with NR. Enhancements for multi-TTI scheduling can be introduced in NR-U. In feLAA, multi-TTI scheduling is limited to continuous HARQ IDs and initial transmissions. In case when some of the PUSCHs are error decoded, the corresponding HARQ IDs cannot be used for multi-TTI scheduling which may result the maximum number of scheduled TTIs is decreased. To avoid this limitation, discontinuous HARQ IDs scheduling should be supported in NR-U and detail mechanism can be FFS.
Proposal 4: Scheduling multiple TBs with different HARQ process IDs in multiple slots using a single UL grant should use LTE feLAA as a starting point. Discontinuous HARQ IDs scheduling should be supported in NR-U.
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:
Proposal 1: A value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH that tells the UE that the timing and resource for HARQ-ACK feedback for the corresponding PDSCH will be determined later should be applied to PDSCHs to be fed back both in the same shared COT and in a subsequent COT. In addition, this value can indicate whether the HARQ-ACK information is transmitted in the same shared COT.
Proposal 2: Dynamic HARQ-ACK codebook enhancements should take into account the triggering DCI in NR-U. HARQ-ACK group based triggering should be supported and the group index should be contained in the triggering DCI.
Proposal 3: NR-U semi-static HARQ-ACK codebook consists of 2 sub-codebooks, the first sub-codebook contains the HARQ-ACK information of the PDSCHs in the former COT while the second sub-codebook contains the HARQ-ACK information of the PDSCHs in the current COT.
· 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.
· The second sub-codebook is the NR R15 semi-static HARQ-ACK codebook.
Proposal 4: Scheduling multiple TBs with different HARQ process IDs in multiple slots using a single UL grant should use LTE feLAA as a starting point. Discontinuous HARQ IDs scheduling should be supported in NR-U.
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