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Introduction 
In this contribution, we provide our views on the following issues for NR-U HARQ enhancements:
· Cross-COT HARQ-ACK feedback and multiple HARQ-ACK opportunities
· Determine dynamic HARQ-A/N codebook for a requested/triggered HARQ-ACK feedback
· Enhancements to HARQ-ACK timing indication
Discussion
Cross-COT HARQ-ACK feedback and 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


Table 1. Potential solutions to support cross-COT HARQ-ACK feedback and/or multiple HARQ-ACK opportunities 

In TR38.889 [1], the potential solutions listed in the Table 1 are considered to support cross-COT HARQ-ACK feedback and multiple opportunities for a HARQ-ACK feedback for NR-U operation. Our views on these solutions are provided as follows:
Alt.1: gNB triggers reporting of the pended/unreported/missed HARQ-ACK feedback 
In RAN1#AH1901 meeting [2], it has been agreed that NR-U at least supports gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ-ACK feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT). Allowing the gNB to trigger HARQ-ACK feedbacks is a flexible and reliable way to provide additional HARQ-ACK transmission opportunities (TxOPs). Moreover, the HARQ-ACK feedback can be triggered as many times as needed to avoid LBT failures or PUCCH/PUSCH detection failures. According to the mechanisms for indicating the HARQ processes/scheduled PDSCHs that should be acknowledged in a triggered HARQ-ACK feedback, two options for implementing Alt.1 are summarized by FL in RAN1#96 [3]:

	Proposed agreement made by FL in RAN1#96:
For Alt1 with HARQ dynamic codebook, the gNB requests/triggers HARQ-A/N feedback for one or more groups of PDSCHs
· Groups are not semi-statically configured
· A DCI scheduling a PDSCH associates the PDSCH with one group index
· A DCI can request/trigger feedback for one or more groups of PDSCHs in the same PUCCH or PUSCH
· The request/trigger is supported at least in a DCI scheduling PDSCH including PDSCH-to-HARQ-timing-indicator and PUCCH resource indicator
· FFS: also supported in a UL grant or in a DCI not carrying a scheduling grant
· FFS: details of how to determine the dynamic HARQ codebook for one or more groups of PDSCHs in a requested/triggered HARQ-A/N feedback


To indicate which scheduled PDSCHs should be acknowledged in a triggered HARQ-ACK feedback, dynamically grouping these PDSCHs is an efficient approach. In a DCI scheduling PDSCH, it can associate corresponding PDSCH with a group though Group Index (GI) field, where the values of GI in the DCIs scheduling the PDSCHs in a same group are kept constant, and alternated between different PDSCH groups. The explicit indication of GI can avoid possible ambiguities on HARQ-ACK feedback between gNB and UE if the GI operates as counter DAI, e.g., it can help to detect the missing PDSCH groups.
In a trigger signaling requesting a HARQ-ACK feedback for one or more groups of PDSCHs, Request (RQ) field is included to indicate the PDSCH group(s) that should be acknowledged in the triggered HARQ-ACK feedback. The trigger signaling could be supported in a DCI scheduling PDSCH including PDSCH-to-HARQ-timing-indicator and PUCCH resource indicator, where the group(s) of PDSCHs indicated by RQ would be acknowledged in the PUCCH resource provided by the DCI. Moreover, to avoid feedback latency due to absence of following DL scheduling, the trigger signaling could be also supported in a DCI scheduling PUSCH or a DCI not carrying a scheduling grant to provide additional HARQ-ACK TxOPs.
In some contributions, a PDSCH group is defined as the PDSCHs for which the corresponding HARQ-ACKs are pre-indicated to be reported in a same PUCCH resource by PDSCH-to-HARQ-timing-indicator. Since a HARQ-ACK codebook would be always generated for the PDSCH group and reported on the PUCCH resource, GI could be treated as Codebook ID in this grouping mechanism. However, in this way, the size of RQ field should be larger than one bit to support triggering of additional HARQ-ACK TxOP multiple times for a PDSCH group, and the maximal number of HARQ-ACK TxOPs would be limited by the size of RQ field. For example, as shown in Figure 1, two-bit GI field and two-bit RQ field are carried in the DCIs scheduling the PDSCHs. Through GI field, the PDSCHs whose corresponding HARQ-ACKs are pre-indicated to be reported in the same codebook are associated with the same PDSCH group. RQ field is used for indicating number of the latest PDSCH groups that should be acknowledged in a triggered HARQ-ACK feedback, e.g., only the lasted one PDSCH group (i.e., current one) is acknowledged if RQ = 00, the latest two PDSCH groups (i.e., current one and previous one) are acknowledged if RQ = 01, and so on. In this example, we can see that the triggered HARQ-ACK feedbacks can provide at most 3 additional HARQ-ACK TxOPs for a PDSCH group.
To reduce DCI overhead of RQ field while increasing the number of HARQ-ACK TxOPs as many as possible, we see that a PDSCH group does not have to be limited to correspond to only one HARQ-ACK codebook. Instead, as shown in Figure 2, a PDSCH group can include those PDSCHs whose corresponding HARQ-ACKs are pre-indicated to be reported in more than one codebooks, where some or all codebooks are pended/unreported/missed. Then, the gNB triggers a group-based HARQ-ACK feedback for the PDSCH group using one-bit RQ field. If the triggered HARQ-ACK feedback for the PDSCH group is successfully reported and received by the gNB, the following scheduled PDSCHs would be associated with a new PDSCH group by indicating a new value in GI filed. However, if the triggered HARQ-ACK feedback for the PDSCH group is pended/unreported/missed, the gNB could associate the following scheduled PDSCHs with the PDSCH group and trigger a group-based HARQ-ACK feedback on the next PUCCH resource again. The PUCCH resources provided for later scheduled PDSCHs could be always taken as additional TxOPs until the triggered HARQ-ACK feedback is successfully reported and received by the gNB. Thus, the number of HARQ-ACK TxOPs for a PDSCH group is unlimited.
Proposal 1: For Alt1 with dynamic HARQ-A/N mode, the gNB requests/triggers HARQ-A/N feedback for a group of PDSCHs, where the group is not semi-statically configured
· Introduce group index field in a DCI to associate PDSCH with a group or indicating which PDSCH group should be acknowledged in a requested/triggered HARQ-A/N feedback
· A PDSCH group includes one or more PDSCHs whose corresponding HARQ-ACKs are pre-indicated to be reported in one or more HARQ-A/N codebooks
· The request/trigger is supported in a DCI scheduling PDSCH including PDSCH-to-HARQ-timing-indicator and PUCCH resource indicator, and also supported in a UL grant or in a DCI not carrying a scheduling grant
· FFS: how to determine dynamic HARQ-A/N codebook for a requested/triggered HARQ-ACK feedback



Figure 1. Example of triggering a HARQ-ACK feedback based on dynamic PDSCH grouping where each PDSCH group corresponds to only one codebook



Figure 2. Example of triggering a HARQ-ACK feedback based on dynamic PDSCH grouping where each PDSCH group corresponds to one or multiple codebooks


	Proposed agreement made by FL in RAN1#96:
If request/trigger for one-shot group HARQ ACK feedback for all configured HARQ processes is introduced for NR-U (at least for non-CBG HARQ), select one or more of the following candidate schemes:
· The request is carried in a UE-specific DCI carrying a PUSCH grant
· The request is carried in a UE-specific DCI carrying a PDSCH assignment
· The request is carried in a UE-specific DCI not scheduling PDSCH nor PUSCH
· The request is carried in a UE-common DCI
· The request can be used for UE configured with dynamic or semi-static HARQ codebook


Triggering one-shot group HARQ-ACK feedback for all configured HARQ processes is a simple and robust scheme for providing additional TxOPs for pended/unreported/missed HARQ-ACK feedbacks, where only one-bit request field is required in a triggering DCI. However, the corresponding HARQ-ACK codebook results in large UCI payload, especially when multiple CBGs are taken into account. One-shot group HARQ-ACK feedback could be used when a UE is configured with semi-static HARQ-ACK feedback mode since robustness is more crucial in this mode rather than resource efficiency. Once the UE receives positive request in a DCI scheduling PDSCH, it shall reports HARQ-ACKs for all configured HARQ processes instead of a semi-static HARQ-ACK codebook. The same request field in DCI can be shared between triggering one-shot group HARQ-ACK feedback in semi-static mode and triggering dynamic group HARQ-ACK feedback in dynamic mode to avoid additional DCI overhead. Also, the request/trigger for one-shot group HARQ ACK feedback can be supported in a PUSCH grant to carry the large payload of HARQ-ACKs for all configured HARQ processes.
In NR-U, CBG-level retransmission becomes more important since much more variations in the time domain interference are expected. We see that CBG-level HARQ-ACK feedback should not be excluded in one-shot group HARQ-ACK feedback. However, to reduce the large payload size, a compression scheme should be introduced. 　

Proposal 2: For Alt1 with semi-static HARQ-A/N mode, the gNB requests/triggers one-shot group HARQ-A/N feedback for all configured HARQ processes
· The request/trigger is carried in a UE-specific DCI carrying a PUSCH grant or a PDSCH assignment
· Share the same request/trigger signalling between triggering one-shot group HARQ-A/N feedback in semi-static mode and triggering dynamic group HARQ-A/N feedback in dynamic mode
· CBG-level HARQ-A/N feedback should be supported in one-shot group HARQ-A/N feedback
· FFS: compression scheme to reduce payload size due to CBG-level HARQ-A/N feedback

Alt.2: UE autonomously reports the pending/unreported HARQ-ACK feedback
Regarding Alt.2, the UE is allowed/configured to autonomously report the pending or unreported HARQ-ACK feedback on PUSCH or along with other UCI report(s) on PUCCH/PUSCH without an explicit trigger. This is a clean way without additional DCI overhead to provide the UE with a TxOP. Compared with Alt.1, Alt.2 has an advantage that it sometimes requires smaller latency to deliver unreported HARQ-ACK feedback(s) since the UE does not need to await a new PUCCH/PUSCH resource assigned by the gNB. However, the latency reduction of Alt.2 relies on that there always an UL or DL scheduling is given right after an unreported HARQ-ACK feedback. Moreover, if the time offset between the unreported HARQ-ACK feedback and the following UL/DL scheduling is huge, Alt.2 will lead to even larger latency than Alt.1.
Observation 1: Alt.2 cannot guarantee that it requires smaller feedback latency than Alt.1. Moreover, Alt.2 may require larger latency when there is no UL resource can piggyback the unreported HARQ-ACK feedback since no PDSCH/PUSCH is scheduled after the unreported HARQ-ACK feedback. 

Also, Alt.2 is not a robust mechanism to retrieve a HARQ-ACK feedback due the following potential issues: 
· Since the reporting of a HARQ-ACK feedback is conditioned by the UE, if the HARQ-ACK feedback reported on PUCCH/ PUSCH is misdetected by the gNB, which it is highly likely to happen in an unlicensed band due to interfering transmission from hidden nodes, there is no additional TxOP for reporting the missed HARQ-ACK feedback at a later time, then unnecessary retransmission will happen. 
· The detection failure of PDCCH/PUCCH may cause misalignment between the HARQ-ACK codebook expected by the gNB and the actual one reported by the UE. To address this issue, in vivo’s proposal [4], if there is a pending or unreported HARQ-ACK feedback, the UE can autonomously report HARQ-ACKs for all configured HARQ processes on a PUCCH resource pre-indicated for a later HARQ-ACK feedback, and an additional bit is carried in the PUCCH to indicate whether the UCI includes the original HARQ-ACK codebook corresponding to PDSCHs associate by PDSCH-to-HARQ-timing-indicator, or the HARQ-ACK codebook corresponding to all configured HARQ processes. However, we see that network should always reserve large amount of resource for every PUCCH pre-indicated by PDSCH-to-HARQ-timing-indicator due possible huge UCI payload carrying HARQ-ACK information bits of all configured HARQ processes. Obviously, it makes resource utilization quite inefficient. 
· It is possible that allowing the UE to autonomously multiplex a HARQ-ACK feedback on a scheduled PUSCH. However, the gNB never knows whether a HARQ-ACK feedback is multiplexed on a received PUSCH, and it also never knows the number of multiplexed UCI bits. These uncertainties leads to high decoding complexity to derive a correct UCI report from the received PUSCH. 

Proposal 3: Without significant gains, no need to consider allowing UE to autonomously report HARQ-A/N feedback on PUCCH/PUSCH in NR-U due to resource underutilization and decoding complexity.

Alt.4: Providing multiple frequency domain transmission opportunities in advance
To increase the probability for reporting a HARQ-ACK feedback as it will be subject to LBT before transmission, it is desirable to provide multiple TxOPs in advance. Since the UE does not need to await a new PUCCH/PUSCH resource assigned by e.g., the gNB triggering though a separate DCI, the additional latency can be avoided to facilitate more efficient HARQ procedure. Providing a set of candidate PUCCH resources distributed in different 20 MHz LBT subbands for a HARQ-ACK feedback is one of mechanisms to increase TxOPs. The UE performs LBT for each candidate PUCCH resource, and selects one or multiple available PUCCH resources to report the HARQ-ACK feedback. Since simultaneous PUCCH is not supported in NR Rel-15, this feature should be agreed first before allowing reporting UCI repeatedly on more than one available PUCCH resources at the same time.
In the case of a single wideband carrier comprising multiple 20 MHz LBT subbands, we see that the following designs could be considered to provide multiple candidate PUCCH resources for a same HARQ-ACK feedback in frequency domain:
· Multiple candidate PUCCH resources for a same UCI report could be provided by the following alternatives:
· RRC configuring multiple starting PRBs in a same PUCCH resource, where each starting PRB is corresponding to a frequency domain candidate resource.
· RRC configuring multiple resource lists in a same PUCCH resource set, where each candidate PUCCH resource is configured in a separate resource list.
· RRC configuring multiple PUCCH resource sets with the same maximum payload size, where each candidate PUCCH resource is configured in a separate PUCCH resource set.
Then, these candidate PUCCH resources can be selected using a same resource indicator in a DCI requesting a HARQ-ACK feedback. In this way, the number of DCI fields does not need to be increased for introducing multiple unique resource indicators.
· If the number of candidate PUCCH resources for a same HARQ-ACK feedback in the same slot is more than one, the formats of these candidate PUCCH resources should be consistent to avoid efforts that the UE shall prepare multiple PUCCHs for a UCI report and the gNB shall detect different PUCCHs on different subbands.
· To avoid unnecessary uplink resource overhead, multiple candidate PUCCH resources should be only activated for the UE suffering from frequent LBT failures. In addition, if candidate PUCCH resources fall outside of the gNB-initiated COTs, the UE should be indicated whether to report UCI on these PUCCH resources. For example, if the gNB attempts to acquire COTs in the subbands where some PUCCH resources are located, the uplink transmissions should be avoided on these subbands. Hence, if a UE is provided with multiple frequency domain candidate PUCCH resources for a UCI report, there could be a DCI signalling to dynamically activate/deactivate the candidate PUCCH resources.
In the case of a UE configured with multiple carriers, these carriers are configured with independent PUCCH resource sets. Then, multiple candidate PUCCH resources can be also selected using a same resource indicator in a DCI requesting a HARQ-ACK feedback. To avoid the effort on preparing different PUCCHs depending on the LBT outcome, the formats of candidate PUCCH resources for a same UCI report should be the consistent. Also, it is beneficial to introduce the flexibility to dynamically activate/deactivate the candidate PUCCH resources.

Proposal 4: Multiple transmission opportunities by providing multiple candidate PUCCH resources distributed in different LBT subbands for a HARQ-A/N feedback should be supported in NR-U.
· Candidate PUCCH resources can be configured by RRC and indicated using a same resource indicator in DCI
· The formats of candidate PUCCH resources should be consistent
· There could be a DCI signalling to dynamically activate/deactivate the candidate PUCCH resources

Alt.5: Providing multiple time domain transmission opportunities in advance
Providing multiple TxOPs in the time domain is also a way to increase the probability for reporting a HARQ-ACK feedback without additional latency. The multiple TxOPs can be provided by dynamically indicating (Alt.5a) or semi-statically configuring (Alt.5b) multiple candidate slots for a HARQ-ACK feedback, and the UE will attempt reporting on an available PUCCH resource in one of the candidate slots. Once the PUCCH is received by the gNB, the remaining PUCCH resources can be utilized for other signals/channels. Of course, the UE can be also configured to report the HARQ-ACK feedback on all available PUCCH resources for improving reliability. 
Since multiple PUCCH resources are reserved for only one HARQ-ACK feedback, these redundant resources should be only provided to the UE suffering from frequent LBT failures to reduce unnecessary UL resource overhead. Hence, the mechanism for providing multiple TxOPs should be highly flexible to adapt to fast changing channel condition. In addition, NR supports fairly flexible HARQ-ACK timing for dynamic frame structures. To support dynamic COT structures in NR-U, the gNB should also be able to flexibly provide the candidate slots for a HARQ-ACK feedback depending on varying usages of the slots in a COT. Consequently, Alt.5a is a more reasonable option than Alt.5b. 
Allowing each value of PDSCH-to-HARQ-timing indicator to be able to indicate more than one HARQ-ACK timings is one of the potential solutions for Alt.5, where the one or multiple HARQ-ACK timings mapped from each value are configured by RRC. However, this solution may lead to a huge number of code points of PDSCH-to-HARQ-timing-indicator for indicating fairly flexible patterns of candidate slots. For example, as illustrated in Figure 3, one or more candidate slots with 8 possible patterns can be indicated for reporting a HARQ-ACK feedback for a set of PDSCHs. For the set of PDSCHs, 8 code points of PDSCH-to-HARQ-timing-indicator should be reserved for each PDSCH since the slot offsets between the slot scheduled with PDSCH and the candidate slots for HARQ-ACK TxOPs are different from each other. Thus, total 32 code points of PDSCH-to-HARQ-timing-indicator are required for the set of PDSCHs. It can be seen that the number of code points of PDSCH-to-HARQ-timing-indicator would increase when a larger set of PDSCHs are acknowledged in a same HARQ-ACK feedback, which is necessary to reduce number of DL/UL switching points within a COT.
To keep RRC signalling and memory overhead acceptable, we propose to introduce a new DCI field (denoted by Additional-HARQ-timing-indictor) for indicating the TxOPs additional to the first TxOP indicated by PDSCH-to-HARQ-timing-indicator. The values of Additional-HARQ-timing-indictor can be mapped to the slot offsets between the additional candidate slots and the original candidate slots. In this way, as shown in Figure 4, only 4 code points and 8 code points are required for the two DCI fields to indicate the 8 possible patterns, respectively. Although the DCI overhead is the same (6 bits), RRC signalling and memory overhead could be significantly reduced. 

Proposal 5: Multiple transmission opportunities by providing multiple candidate slots for a HARQ-A/N feedback should be supported in NR-U.
· Use PDSCH-to-HARQ-timing-indicator field to indicate the timing of first transmission opportunity
· Introduce a new DCI field to indicate the slot offset(s) between first transmission opportunity and additional transmission opportunity(s)
· UE can be configured whether to report HARQ-A/N feedback repeatedly on all available candidate slots
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  Figure 3. Example of indicating candidate HARQ-ACK TxOP(s) using enhanced PDSCH-to-HARQ-timing-indictor
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Figure 4. Example of indicating candidate HARQ-ACK TxOP(s) using PDSCH-to-HARQ-timing-indictor and Additional-HARQ-timing-indictor


Determine dynamic HARQ-A/N codebook for a requested/triggered HARQ-ACK feedback
As discussed in Section 2.1, when a UE is configured with dynamic HARQ-ACK feedback mode, the gNB could explicitly request/trigger a HARQ-ACK feedback for a group of PDSCHs dynamically associated by the DCIs scheduling these PDSCHs. To determine a dynamic HARQ-ACK codebook for the requested/triggered HARQ-ACK feedback without misalignments caused by e.g., LBT failure, PUCCH/PUSCH detection failure at the gNB, or PDCCH detection failure at the UE, the existing DAI mechanism in NR could be the starting point. However, in order to indicate the accumulated unacknowledged PDSCH(s), both the counter DAI (C-DAI) and total DAI (T-DAI) should be enhanced.
For the PDSCHs in a same group, since their corresponding HARQ-ACKs may be reported in a same HARQ-ACK codebook, both C-DAI and T-DAI in the DCIs scheduling these PDSCHs should be accumulated to determine a correct dynamic HARQ-ACK codebook. For example, as shown in Figure 5(a), since the HARQ-ACKs for PDSCHs #6~#11 scheduled in the end-of-COT are pended, in the next COT, the gNB groups PDSCHs #12~#16 together with PDSCHs #6~#11, and triggers a group-based HARQ-ACK feedback for the PDSCH group. To indicate the number of accumulated PDSCHs in the PDSCH group, the C-DAI/T-DAI in the DCIs scheduling PDSCHs #12~#16 should be continuously accumulated following PDSCHs #6~#11. Based on the received C-DAI/T-DAI, the UE could determine a HARQ-ACK codebook for the PDSCH group with a correct size even some PDCCHs/PDSCHs in the PDSCH group may be missed by the UE due to PDCCH detection failures. Note that the absolute value for C-DAI/T-DAI is just used to facilitate the description in this example. In another example, as shown in Figure 5(b), since the HARQ-ACK feedback for PDSCHs #1~#5 is blocked due to LBT failure or PUCCH detection failure, and the HARQ-ACKs for PDSCHs #6~#11 scheduled in the end-of-COT are pended, in the next COT, the gNB groups PDSCHs #12~#16 together with PDSCHs #6~#11 and PDSCHs #1~#5, and triggers a group-based HARQ-ACK feedback for the PDSCH group. Likewise, the C-DAI/T-DAI in the DCIs scheduling PDSCHs #6~#11 and PDSCHs #12~#16 should be continuously accumulated for previous PDSCHs in the same PDSCH group.



  Figure 5. Example of accumulating both C-DAI and T-DAI for PDSCHs in a same PDSCH group

Contributions [5] and [6] have indicated that some ambiguities may occur when the gNB schedules a HARQ-ACK feedback in the middle of PDCCHs/PDSCHs whose corresponding HARQ-ACKs are pre-indicated to be reported in a later HARQ-ACK feedback, or triggers a HARQ-ACK feedback for PDSCHs whose corresponding HARQ-ACKs are pre-indicated to be reported in more than two HARQ-ACK codebooks. As the example shown in Figure 6, the HARQ-ACK feedback of PDSCHs #1~#6 on PUCCH #1 is scheduled in the middle of PDCCHs/PDSCHs #7~#10, where the corresponding HARQ-ACKs are pre-indicated to be reported on PUCCH#2. Since the HARQ-ACK feedback on PUCCH #1 is blocked, after the gNB is aware of the missed HARQ-ACK feedback, in the DCIs scheduling PDSCHs #8, #9, and #10, it triggers a group-based HARQ-ACK feedback and accumulates C-DAI/T-DAI for the PDSCHs that should be acknowledged on PUCCH #2. However, since there are ten PDSCHs should be acknowledged on PUCCH #2 and only 9 PDSCHs were detected, the UE does not know whether the missed PDSCH is scheduled between PDCCHs/PDSCHs #5 and #6 or between PDCCHs/PDSCHs #7 and #9 when there a discontinuous DAI accumulation between PDCCHs/PDSCHs #5 and #8.



  Figure 6. C-DAI/T-DAI is accumulated only when the gNB triggers group-based HARQ-ACK feedback

In our views, this kind of error cases is caused by discontinuous DAI accumulation that makes the UE cannot know the location(s) of the missed PDCCH(s)/PDSCH(s). To avoid the error cases mentioned in [5] and [6], instead of accumulating C-DAI/T-DAI only when the gNB decides to trigger group-based HARQ-ACK feedback, C-DAI/T-DAI should be always accumulated for the PDSCHs in a same PDSCH group whether the group-based HARQ-ACK feedback is triggered or not. 
For example, as shown in Figure 8(a), since the C-DAI/T-DAI is accumulated continuously, error case described in Figure 7 is distinguishable for the UE, i.e., the UE can know that the missed PDSCH is scheduled between PDCCHs/PDSCHs #7 and #8 instead of PDCCHs/PDSCHs #5 and #6. In Figure 8(b), even the gNB does not trigger group-based HARQ-ACK feedback for PDSCH group #1, the C-DAI/T-DAI is still accumulated for the PDSCHs in a same PDSCH group. For the HARQ-ACK feedback transmitted on PUCCH #1, since five PDSCHs are received by the UE, it reports five bits HARQ-ACKs for them. For the HARQ-ACK feedback transmitted on PUCCH #2, since four PDSCHs are detected and the UE knows that there is no missed PDSCH before PDSCH #6 in the same PDSCH group, five bits HARQ-ACKs corresponding to the one missed PDSCH and the four detected PDSCHs shall be reported according to the received C-DAI/T-DAI. From gNB’s perspective, if the UCI on PUCCH #1 is correctly received, since it knows that there are ten PDSCHs should be acknowledged on PUCCHs #1 and #2, and five bits HARQ-ACKs are included in the UCI on PUCCH #1, it could expect that at most five bits HARQ-ACKs corresponding to PDSCHs #6~#10 would be delivered in the UCI on PUCCH #2. Based on the received HARQ-ACK information bits, the gNB could align each received HARQ-ACK information bit to each PDSCH in the PDSCH group.

Proposal 6: Both C-DAI and T-DAI should be always accumulated for PDSCHs in a same group to determine a correct HARQ-ACK codebook whether group-based HARQ-ACK feedback is triggered or not





  Figure 8. C-DAI/T-DAI is always accumulated whether the group-based HARQ-ACK feedback is triggered or not (a) group-based HARQ-ACK feedback for PDSCH group #1 is triggered (b) group-based HARQ-ACK feedback for PDSCH group #1 is NOT triggered

Enhancements to HARQ-ACK timing indication
In TR38.889 [1], it has been identified that extending PDSCH-to-HARQ-timing-indicator to support indicating timings up to the end of the longest COT allowed by regulations is beneficial to support the HARQ-ACK feedback corresponding to some or all PDSCHs of channel occupancy to be reported in the same channel occupancy. One or more of the following enhancements to PDSCH-to-HARQ-timing-indicator would be needed:
· Allow larger value supported by RRC parameter dl-DataToUL-ACK: Considering the largest SCS for control and data channels supported in NR-U (60 kHz) and the longest COT allowed by regulations (10 ms), the largest slot offsets between the first and the last slots, as S1 illustrated in Figure 9, would be 39. Thus, including slot offsets 0~39 and one predefined value for indicating the UE that the timing and resource for HARQ-ACK feedback for the corresponding PDSCH will be determined at a later time, at least 41 values should be supported by dl-DataToUL-ACK. The largest value supported by dl-DataToUL-ACK should be equal or greater than 40.
· Allow more bits for the PDSCH-to-HARQ-timing-indicator: In NR-U operation, the gNB may need to create LBT gaps for switches from DL to UL which increases overhead and results in potential loss of access to the medium. To reduce number of switching points within a COT, a large set of PDSCHs or all PDSCHs in a channel occupancy could be acknowledged in a same HARQ-ACK feedback. In this case, a larger set of slot offsets would be necessary to support the maximum number of slots with DL scheduling that can be acknowledged in a HARQ-ACK feedback for a UE, as S2 illustrated in Figure 9. In NR, PDSCH-to-HARQ-timing-indicator has 8 code points (3 bits field). Since one of the code points may be configured for indicating the UE that the timing and resource for HARQ-ACK feedback for the corresponding PDSCH will be determined later, only 7 code points can be adopted for indicating slot offsets, which means that at most 7 DL slots could be scheduled for a UE without switching to UL. Obviously, it would be difficult to meet the objective of reducing number of switching points within a COT without allowing more bits for the PDSCH-to-HARQ-timing-indicator.


  Figure 9. HARQ-ACK timeline within a gNB-initiated COT 

Proposal 7: For NR-U, at least 41 values should be supported by dl-DataToUL-ACK, and the largest value should be equal or greater than 40.
Proposal 8: More than 3 bits for PDSCH-to-HARQ-timing-indicator should be allowed to the support the HARQ-ACK feedback corresponding to a large set or all PDSCHs of a channel occupancy to be report in the same channel occupancy.

Conclusion
In this contribution, potential enhancements to HARQ for unlicensed operation were discussed. Based on the discussion in the previous sections, we made the following observations and proposals:

A. Cross-COT HARQ-ACK feedback and multiple HARQ-ACK opportunities
Proposal 1: For Alt.1 with dynamic HARQ-A/N mode, the gNB requests/triggers HARQ-A/N feedback for a group of PDSCHs, where the group is not semi-statically configured
· Introduce group index field in a DCI to associate PDSCH with a group or indicating which PDSCH group should be acknowledged in a requested/triggered HARQ-A/N feedback
· A PDSCH group includes one or more PDSCHs whose corresponding HARQ-ACKs are pre-indicated to be reported in one or more HARQ-A/N codebooks
· The request/trigger is supported in a DCI scheduling PDSCH including PDSCH-to-HARQ-timing-indicator and PUCCH resource indicator, and also supported in a UL grant or in a DCI not carrying a scheduling grant
· FFS: how to determine dynamic HARQ-A/N codebook for a requested/triggered HARQ-ACK feedback
Proposal 2: For Alt.1 with semi-static HARQ-A/N mode, the gNB requests/triggers one-shot group HARQ-A/N feedback for all configured HARQ processes
· The request/trigger is carried in a UE-specific DCI carrying a PUSCH grant or a PDSCH assignment
· Share the same request/trigger signalling between triggering one-shot group HARQ-A/N feedback in semi-static mode and triggering dynamic group HARQ-A/N feedback in dynamic mode
· CBG-level HARQ-A/N feedback should be supported in one-shot group HARQ-A/N feedback
· FFS: compression scheme to reduce payload size due to CBG-level HARQ-A/N feedback
Observation 1: Alt.2 cannot guarantee that it requires smaller feedback latency than Alt.1. Moreover, Alt.2 may require larger latency when there is no UL resource can piggyback the unreported HARQ-ACK feedback since no PDSCH/PUSCH is scheduled after the unreported HARQ-ACK feedback. 
Proposal 3: Without significant gains, no need to consider allowing UE to autonomously report HARQ-A/N feedback on PUCCH/PUSCH in NR-U due to resource underutilization and decoding complexity.
Proposal 4: Multiple transmission opportunities by providing multiple candidate PUCCH resources distributed in different LBT subbands for a HARQ-A/N feedback should be supported in NR-U.
· Candidate PUCCH resources can be configured by RRC and indicated using a same resource indicator in DCI
· The formats of candidate PUCCH resources should be consistent
· There could be a DCI signalling to dynamically activate/deactivate the candidate PUCCH resources
Proposal 5: Multiple transmission opportunities by providing multiple candidate slots for a HARQ-A/N feedback should be supported in NR-U.
· Use PDSCH-to-HARQ-timing-indicator field to indicate the timing of first transmission opportunity
· Introduce a new DCI field to indicate the slot offset(s) between first transmission opportunity and additional transmission opportunity(s)
· UE can be configured whether to report HARQ-A/N feedback repeatedly on all available candidate slots

B. Determine dynamic HARQ-A/N codebook for a requested/triggered HARQ-ACK feedback
Proposal 6: Both C-DAI and T-DAI should be always accumulated for PDSCHs in a same group to determine a correct HARQ-ACK codebook whether group-based HARQ-ACK feedback is triggered or not

C. Enhancements to HARQ-ACK timing indication
Proposal 7: For NR-U, at least 41 values should be supported by dl-DataToUL-ACK, and the largest value should be equal or greater than 40.
Proposal 8: More than 3 bits for PDSCH-to-HARQ-timing-indicator should be allowed to the support the HARQ-ACK feedback corresponding to a large set or all PDSCHs of a channel occupancy to be report in the same channel occupancy.
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Mapping of PDSCH-to-HARQ-timing-indicator field values to the delay(s) from PDSCH

Value

Delay(s) from PDSCH [slot] Value Delay(s) from PDSCH [slot] Value Delay(s) from PDSCH [slot] Value Delay(s) from PDSCH [slot]
00000 {2} 01000 {3} 01000 {4} 11000 {5}
00001 {2,3} 01001 {3,4} 01001 {4,5} 11001 {5,6}
00010 {2,4} 01010 {3,5} 01010 {4,6} 11010 {5,7}
00011 {2,5} 01011 {3,6} 01011 {47} 11011 {5,8}
00100 {2,3,4} 01100 {3,4,5} 01100 {4,5,6} 11100 {5,6,7}
00101 {2,4,5} 01101 {3,5,6} 01101 {4,6,7} 11101 {5,7,8}
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