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Introduction 
In RAN1 #94, the following agreement was made [1]: 
	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




Based on the above agreements, we will discuss the following issues in this contribution:
· Multiple/supplemental transmission opportunities for HARQ feedback
· Aggregation of multiple HARQ-ACK codebooks
· HARQ feedback outside of the same channel occupancy
· Dynamic and semi-static HARQ-ACK codebook determinations
Discussion
In Licensed Assist Access (LAA), due to the absence of Physical Uplink Control Channel (PUCCH) on an unlicensed band and mandatory presence of a licensed primary cell, HARQ-ACK is reported on the licensed cell. However, in NR-Unlicensed (NR-U), when dual connectivity between licensed cell and NR-U or stand-alone NR-U is deployed, HARQ-ACK will be reported on the unlicensed cell. In NR, HARQ-ACK for any HARQ process has only one transmission opportunity to be fed back, where the slot offset between the PDSCH and the PUCCH time resource for HARQ feedback is determined by the PDSCH-to-HARQ-timing-indicator. However, in unlicensed spectrum, it is difficult to guarantee a transmission at a fixed time when the transmission is subject to Listen-before-Talk (LBT), which causes a critical issue that a UE may fail to transmit a HARQ feedback in the predefined PUCCH time resource. Even the HARQ feedback is self-contained within the same gNB shared COT, aggressive LBT (one-shot LBT) may be still necessary for switches from downlink to uplink for fulfilling some regulatory requirements. Moreover, in unlicensed spectrum, there is always risk that a HARQ feedback is corrupted by hidden node transmission. Due to the one-to-one association between the scheduled PDSCH and the transmission opportunity, if a UE fails to transmit or the gNB fails to receive the HARQ feedback on the predefined PUCCH time resource, the PDSCH will be assumed NACK and retransmitted. The increased HARQ retransmissions make resource utilization inefficient and also causes unnecessary channel contention.
Multiple/supplemental transmission opportunities for HARQ feedback 
To make the system more robust to LBT related failures and interference from hidden nodes, providing multiple/supplemental transmission opportunities for a same HARQ feedback should be supported and studied in NR-U. Several alternatives summarized in [2] were discussed in the last meeting, and our views on some of them are provided as follows: 

· Alt1 (Redundant transmission opportunities)
Providing redundant transmission opportunities for a same HARQ feedback is a straightforward way to increase the probability for a UE to deliver HARQ-ACK. The redundant transmission opportunities can be achieved by extending the HARQ-ACK timing indication supported in NR (i.e., the PDSCH-to-HARQ-timing-indicator) to schedule multiple PUCCH time resources in multiple slots. However, since indicating multiple PUCCH time resources requires a large field or multiple fields in DCI, it will possibly cause high overhead on PDCCH. Moreover, in the last meeting, adopting more than three bits for the PDSCH-to-HARQ-timing-indicator to support indicating timing up to the end of the longest COT allowed by regulations was identified as beneficial. Thus, it should be further studied how to enable an efficient indication to provide redundant transmission opportunities. Additionally, when more HARQ feedbacks are expected to be transmitted in a same shared COT from a UE, the number of available transmission opportunities for each HARQ feedback would be decreased because the number of PUCCH time resources is limited. To provide more redundant transmission opportunities, it would be beneficial to allow the aggregation of different HARQ feedbacks on a same PUCCH time resource.
Proposal 1: To support redundant transmission opportunities, an efficient multiple PUCCH time resources indication for a HARQ feedback should be further studied.

· Alt2 (Opportunistic transmission opportunities)
If a HARQ feedback is failed to be transmitted in the predefined PUCCH time resource due to LBT failure, a UE is allowed to aggregate this HARQ feedback with the next available HARQ feedback. If the next HARQ feedback is also blocked, both of the two HARQ feedbacks are aggregated with the next one, and so on. This mechanism provides the UE with supplemental transmission opportunities to deliver HARQ-ACK. However, we have some concerns related to this alternative. First, since the aggregation of missed HARQ feedbacks is conditioned at UE side, if a HARQ feedback transmitted on PUCCH is misdetected, which it is highly likely to happen on an unlicensed band due to interfering transmission from hidden nodes, the gNB does not have the flexibility to request the HARQ feedback at a later time. Second, the PUCCH misdetection may also cause misalignment between the expected HARQ codebook size by the gNB and the actual one reported by the UE. As illustrated in Figure 1, the transmission of the HARQ feedback for PDSCH2 is blocked by failed LBT, and the transmissions of the HARQ feedbacks for PDSCH1 and PDSCH3 are available. However, due to the PUCCH misdetection, the HARQ feedback for PDSCH1 cannot be received by the gNB. As a result, only the HARQ-ACK information bits for PDSCH2 and PDSCH3 are aggregated and transmitted on the last PUCCH time resource and received by the gNB, where the size of received HARQ codebook is misaligned with the one expected by the gNB. 




  Figure 1. Example of opportunistic transmission opportunities

Proposal 2: Allowing UE to aggregate the missed HARQ feedbacks with other HARQ feedbacks can be considered if possible ambiguities caused by control channel misdetections are resolved.

· Alt3 (PUCCH transmission window in frequency domain)
To increase the chance of a HARQ-ACK transmission as it will/should be subject to LBT before transmission, it may be desirable to introduce a concept of PUCCH transmission window for this HARQ-ACK transmission in frequency domain. In NR-U, the UE can be configured to operate multiple channels (subbands or carriers) in unlicensed spectrum. Thus, the gNB can indicate a set of frequency-domain PUCCH resources distributed across the multiple unlicensed channels for a PUCCH transmission. Then, UE performs LBTs for each unlicensed channel, and selects an available PUCCH resource to transmit the HARQ-ACK codebook. Whereas, the gNB may detect the PUCCH on the multiple allocated resources blindly. 
Proposal 3: NR-U could consider to support multiple frequency-domain resources for a HARQ-ACK feedback in which the HARQ-ACK feedback can be transmitted on one of the resource based on LBT results.

· Alt4-Alt7 (Trigger-based transmission opportunities)
Allowing the gNB to trigger a HARQ feedback for the indicated HARQ processes on a given PUCCH time resource is a flexible and unambiguous way to provide the UE with another opportunity to report the HARQ-ACK that are blocked by LBT failure or PUCCH misdetection. To achieve this, however, the trigger should explicitly or implicitly indicate the HARQ process IDs and the carrier indices, which will cause high DCI overhead. One approach to avoid this overhead is triggering a HARQ feedback for all configured HARQ processes. However, this approach is not feasible since the corresponding HARQ-ACK codebook may result in large UCI payload when multiple TBs, carriers, and CBGs are taken into account. On the other hand, if triggering a feedback for any HARQ process at any time is supported, the dynamic and semi-static HARQ-ACK mechanisms supported by NR will become redundant.
To exploit the benefits from trigger-based mechanism while reducing the overhead on PDCCH/PUCCH, it is more desirable to trigger a (re)transmission for the missed or pending HARQ feedback(s) instead of a new HARQ feedback, which is introduced as a fallback mode rather than a main mode for NR-U operation. One of the candidates is that the gNB may trigger the UE to (re)transmit the HARQ-ACK codebook of the latest HARQ feedback if e.g., the gNB does not receive the HARQ feedback in a predefined time, where the (re)transmission is carried on a supplemental transmission opportunity by assigning a new PUCCH time resource or, as illustrated in Figure 2, aggregating with the next/indicated HARQ feedback. This approach requires only one-bit trigger field in DCI. If the (re)transmission is extended to include multiple previous HARQ feedbacks indicated by the triggering signalling, the DCI overhead will be obviously increased. However, compared with indicating the HARQ process IDs for a new HARQ feedback, its overhead is still much smaller.



  Figure 2. Example of triggering the (re)transmission for the latest HARQ feedback

Proposal 4: NR-U could consider the trigger-based HARQ feedback as a fallback mode, which allows the gNB to  trigger a (re)transmission for the missed or pending HARQ feedback(s).

Aggregation of multiple HARQ-ACK codebooks
It is found that aggregating multiple HARQ-ACK codebooks from different HARQ feedbacks into a same HARQ feedback and transmitting it on a same PUCCH time resource is beneficial and/or essential for those mechanisms providing multiple/ supplemental transmission opportunities. The aggregation could be conditioned by the UE or predefined/triggered by the gNB. However, since the size of each HARQ-ACK codebook is determined and aligned individually, the codebook size ambiguity may still happen to the aggregated feedback. For example, when the dynamic HARQ-ACK mechanism is adopted, no information bit will be reported in the HARQ-ACK codebook for the latest downlink assignment(s) if the corresponding PDCCH(s) is misdetected. Nonetheless, this HARQ-ACK codebook can still be correctly interpreted by the gNB. However, if this HARQ-ACK codebook is aggregated with another HARQ-ACK codebook(s), the gNB and the UE may have different understanding on the codebook of the aggregated feedback. Therefore, the legacy DAI mechanism needs to be enhanced to avoid such ambiguity. Compared to the dynamic HARQ-ACK mechanism, the semi-static HARQ-ACK mechanism is immune to the codebook size ambiguity caused by the PDCCH misdetection. However, aggregation of multiple semi-static HARQ-ACK codebooks may leads to large UCI payload, especially when a UE is configured to feedback HARQ-ACK information bits within a large HARQ-ACK window across multiple carriers. 
Proposal 5: For NR-U operation, it is beneficial to allow aggregation of multiple HARQ-ACK codebooks from different HARQ feedbacks into a same feedback and transmitting it on a same PUCCH time resource.
· Aggregation could be conditioned by the UE and/or predefined/triggered by the gNB.
· Robust aggregation to avoid the codebook size ambiguity should be studied.

HARQ feedback outside of the same channel occupancy
In the last RAN1 meeting [1], it was agreed that the HARQ feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that channel occupancy. For example, due to UE capability limitation, if the PDSCHs are scheduled in the end of a gNB shared COT, the UE may not be able to process these received PDSCHs and deliver HARQ-ACK in the same shared COT. Or the PUCCH time resources within a gNB shared COT may be limited, hence some UEs cannot transmit the HARQ feedbacks in the same shared COT. To enable the transmission of a HARQ feedback in a later COT, three alternatives are considered:
· Alt1 (gNB requests/triggers feedback for PDSCH from earlier COT(s))
Similar to the trigger-based transmission opportunities we discussed before, the framework can be also adopted for triggering a HARQ feedback on a given PUCCH time resource outside of the same shared COT. One of the potential solutions is that if the PDSCH(s) cannot be acknowledged in the same shared COT, they can be associated to a pending HARQ feedback by disabling their corresponding PDSCH-to-HARQ-timing-indicator(s), e.g., without indicating in DCI(s) or indicated with a default value. Then, the gNB can trigger a transmission for the pending HARQ feedback on a new PUCCH time resource, or trigger a aggregation of the pending HARQ feedback with the next/indicated HARQ feedback. The transmission of the pending HARQ feedback could be in a UE initiated COT or a later gNB shared COT. However, if the aggregation of the HARQ feedbacks from different COTs is supported, the codebook size ambiguity caused by the PDCCH misdetection should be avoided.
Proposal 6: If the trigger-based HARQ feedback is supported, it is beneficial to consider a unified framework for triggering a HARQ feedback transmitted inside and outside of the same shared COT in which corresponding data was transmitted.

· Alt2 (UE is configured to report HARQ feedback for PDSCH from earlier COT(s) w/o an explicit request/trigger)
Alternative to the trigger-based approach, a UE can be also allowed to aggregate the pending HARQ feedback with the next available HARQ feedback in a later COT without an explicit request/trigger. This is a clean way to provide the UE with an opportunity to send the pending HARQ feedback without additional overhead. However, the aggregation of the HARQ feedbacks from different COTs should avoid any possible ambiguity. Additionally, if the UE fails to transmit the aggregated feedback, there is no chance to retransmit the pending HARQ feedback at a later time, then unnecessary retransmission may happen. Thus, multiple/supplemental transmission opportunities provided by the alternatives discussed in Section 2.1 can be combined with this approach. 
Proposal 7: If the UE is allowed to aggregate the HARQ feedback from earlier COT(s) with the next available HARQ feedback in a later COT without request/trigger, possible ambiguities caused by control channel misdetections should be considered.

· Alt3 (by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH)
It is difficult to indicate a transmission opportunity in a separate gNB shared COT using a deterministic timing indicator (i.e., PDSCH-to-HARQ-timing-indicator) since the duration between the two different gNB shared COTs is non-deterministic. However, it is possible that the gNB indicates a transmission opportunity outside of the gNB shared COT, and the UE initiate an uplink COT to transmit the HARQ feedback for the PDSCH(s) from the earlier COT. To initiate the uplink COT, the UE can try to access the channel by performing an appropriate LBT procedure. However, similar to Alt2, it has no flexibility to request/configure a retransmission for the HARQ feedback if it is blocked by failed LBT or PUCCH misdetection. Therefore, providing multiple/supplemental transmission opportunities for the HARQ feedback is necessary. 
[bookmark: _GoBack]Proposal 8: Support the gNB to indicate the HARQ feedback transmitted outside of the gNB shared COT by the PDSCH-to-HARQ-timing-indicator.

Dynamic and semi-static HARQ-ACK codebook determinations
NR supports two types of mechanisms for determining the HARQ-ACK codebook – dynamic and semi-static HARQ-ACK mechanisms, and it would be desirable to support both of them for NR-U operation. However, there are some limitations are observed when using dynamic and semi-static HARQ-ACK mechanisms in unlicensed spectrum without any enhancements.  
For a dynamic HARQ-ACK codebook, the codebook size is determined based on the number of actually received DCIs pointing to the same HARQ-ACK transmission. To align the codebook sizes determined by the UE and the gNB for each HARQ-ACK transmission, the DAI mechanism is introduced. The DAI value in the DL scheduling DCI indicates the accumulative number of the downlink assignments pointing to the same HARQ-ACK transmission. If difference between the DAI value in current received DCI and the DAI value in earlier received DCI is more than 1, it implies the PDCCH misdetection(s). However, because the DAI value in NR Rel-15 is only two bits, if the UE missed four or more PDSCH transmissions, the UE will not be aware of the PDCCH misdetection(s), and therefore it will cause the codebook size ambiguity. While missing four or more consecutive PDCCH in licensed spectrum is unlikely, it is likely to happen in unlicensed spectrum due to collisions from hidden nodes. 
Proposal 9: Consider larger DAI field in DCI scheduling PDSCH for unlicensed operation.

For a semi-static HARQ-ACK codebook, a DL association set can be determined based on the configured set of HARQ-ACK timings, the configured set of PDSCH symbol allocations, and the semi-static configured TDD pattern. Then, for each slot associated by the DL association set, the UE reports HARQ-ACK information bits for all the configured carriers no matter the gNB have scheduled PDSCHs on them or not (not received TB/CBG should be set to NACK). However, on unlicensed spectrum, since the gNB may not be able to gain medium access to transmit data on all configured carriers due to LBT failures, as illustrated in Figure 3, it may not be efficient to always mandate transmission of HARQ-ACK information bits for all the configured carriers. To avoid the unnecessary overhead, it would be beneficial to allow the gNB to dynamically indicate the carriers that should be acknowledged in a semi-static HARQ-ACK feedback.



  Figure 3. Example of multi-carrier operation on unlicensed spectrum

Proposal 10: For unlicensed operation, it would be beneficial to allow the gNB to dynamically indicate the carriers that should be acknowledged in a semi-static HARQ-ACK feedback.

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

Proposal 1: To support redundant transmission opportunities, an efficient multiple PUCCH time resources indication for a HARQ feedback should be further studied.
Proposal 2: Allowing UE to aggregate the missed HARQ feedbacks with other HARQ feedbacks can be considered if possible ambiguities caused by control channel misdetections are resolved.
Proposal 3: NR-U could consider to support multiple frequency-domain resources for a HARQ-ACK feedback in which the HARQ-ACK feedback can be transmitted on one of the resource based on LBT results.
Proposal 4: NR-U could consider the trigger-based HARQ feedback as a fallback mode, which allows the gNB to  trigger a (re)transmission for the missed or pending HARQ feedback(s).
Proposal 5: For NR-U operation, it is beneficial to allow aggregation of multiple HARQ-ACK codebooks from different HARQ feedbacks into a same feedback and transmitting it on a same PUCCH time resource.
· Aggregation could be conditioned by the UE and/or predefined/triggered by the gNB.
· Robust aggregation to avoid the codebook size ambiguity should be studied.
Proposal 6: If the trigger-based HARQ feedback is supported, it is beneficial to consider a unified framework for triggering a HARQ feedback transmitted inside and outside of the same shared COT in which corresponding data was transmitted.
Proposal 7: If the UE is allowed to aggregate the HARQ feedback from earlier COT(s) with the next available HARQ feedback in a later COT without request/trigger, possible ambiguities caused by control channel misdetections should be considered.
Proposal 8: Support the gNB to indicate the HARQ feedback transmitted outside of the gNB shared COT by the PDSCH-to-HARQ-timing-indicator.
Proposal 9: Consider larger DAI field in DCI scheduling PDSCH for unlicensed operation.
Proposal 10: For unlicensed operation, it would be beneficial to allow the gNB to dynamically indicate the carriers that should be acknowledged in a semi-static HARQ-ACK feedback.
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