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Introduction
[bookmark: _Ref178064866]During Rel-17 WID preparation discussions, different approaches were discussed in order to improve the HARQ-ACK feedback design compared to the prior releases. For example, possibilities to consider HARQ-ACK feedback enhancements for SPS (e.g., to address excessive HARQ-ACK dropping due to flexible TDD configuration, or to reduce the HARQ-ACK feedback overhead), generic HARQ-ACK reliability (PUCCH/UCI reliability) enhancements, introduction of explicit HARQ-ACK for CG for early termination, etc., were discussed under ‘PHY layer feedback enhancements’ during discussion phases. 
In the agreed WID [1], the objective of this category of enhancements was finalized as follows:
	1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
a. UE feedback enhancements for HARQ-ACK [RAN1]
b. CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 


In this document, we discuss different potential enhancement directions with respect to UE HARQ-ACK feedback and provide our view in terms of necessity to pursue each such direction. It is further noted, that current formulation of the objective excludes the discussions on introduction of explicit HARQ-ACK for CG, e.g. for early termination or enhanced reliability, and thus this topic is not targeted by the present contribution.
HARQ-ACK feedback enhancements for SPS
It has been anticipated that according to Rel-16 design, the DL SPS HARQ-ACK feedback are more likely to be excessively dropped due to shorter SPS periodicities, i.e., as short as 1 slot and/or having multiple SPS configurations in a TDD system especially with asymmetrical DL-heavy configurations.

Observation 1
· DL SPS HARQ-ACK may experience high dropping rate due to collisions especially when short periodicities and/or multiple SPS configurations are employed

Particularly, during Rel-16, the following options in terms of PDSCH-to-HARQ timing were discussed for the case where the HARQ-ACK PUCCH resource for SPS PDSCH without associated DCI determined by HARQ-ACK timing in the activation DCI collides with DL symbols given by semi-static TDD configuration, to allow further recuperation of the collided HARQ-ACK feedback by postponing it to a later time (while the HARQ-ACK is still acceptable considering the latency constraints): 
· Deferring HARQ-ACK until the first available valid UL slot 
· Deferring HARQ-ACK until the first available valid PUCCH resource
· Deferring HARQ-ACK until the first available valid slot configured by RRC
· Indicating K1 value for each SPS transmission in a time window configured by RRC. 

Accordingly, the gNB needs to ensure the availability of the relevant PUCCH resources for HARQ-ACK for SPS, for the determined available UL transmission opportunity. As such, the PUCCH resources need to be dimensioned properly for multiplexing of HARQ-ACK feedbacks in the CB. Particularly, depending on the HARQ-ACK droppings in between (due to dynamic scheduling decisions, etc.), the gNB must make sure that the subsequent uplink occasion has the proper PUCCH resources available to carry the respective payload. 
As such, it was eventually agreed to reuse Rel-15 rule, i.e., if the PUCCH resource determined by HARQ-ACK timing in the activation DCI collides with DL symbols given by semi-static TDD configuration, the PUCCH transmission is cancelled. Particularly, no enhancement is supported in Rel-16 if the HARQ-ACK PUCCH resource for SPS PDSCH without associated DCI (determined by HARQ-ACK timing in the activation DCI) collides with:
· DL symbols given by semi-static TDD configuration
· Flexible symbols given by semi-static TDD configuration and 
· If the UE is not configured to monitor SFI;
· If the UE is configured to monitor SFI but there is no slot format for the slot carrying the PUCCH;
· If the UE is configured to monitor SFI and if slot format indicates a set of symbols of the PUCCH as DL/flexible.

Further studies may be beneficial in Rel-17, to investigate and identify if any potential HARQ-ACK feedback enhancements and/or new UE behaviors are necessary in terms of recuperating of the HARQ-ACK dropping cases.
In this respect, it may be possible to address the issue of excess HARQ-ACK dropping, by leveraging similar solutions as introduced in Rel-16 NR-U. In Rel-16 NR-U, one-shot HARQ-ACK transmission is introduced to enable the retransmission of HARQ-ACK from UE, for the cases where the HARQ-ACK is missed due to LBT failure or detection error from gNB. Accordingly, if the gNB requests the one-shot feedback, the UE will transmit the PUCCH including accumulated feedback from all the corresponding DL HARQ processes, for all CCs.
Similarly, DCI-triggering may be considered to request the HARQ-ACK (re-)transmission for the dropped DL SPS feedback(s). It is noted that each DL SPS configuration has its own set of allowed HARQ process IDs. On the other hand, in DL SPS, the UE is aware of the missed PUCCH occasions (due to link direction conflicts or prioritization, etc.). As such, as long as there is no ambiguity between the UE and the gNB on the missed HARQ-ACK transmissions, the CB size can be determined. Accordingly, some adaptations may be considered to NR-U solution framework in order to allow selection/indication of the HARQ process IDs for which the transmission were missed, instead of triggering the retransmission of the feedback for all HARQ process IDs as in NR-U. Equivalently, some UE behavior may be defined to avoid unnecessary retransmission of all the HARQ process IDs. For example, the SPS configurations may be divided into groups and the associated HARQ feedbacks may be reported per group, as illustrated in Figure 1.

[image: ]
[bookmark: _Ref47709725]Figure 1. Illustration of the one-shot HARQ-ACK, with two PDSCH groups.

Proposal 1
· RAN1 to prioritize work on specifying one-shot HARQ-ACK requested for a group of HARQ processes targeting DL SPS collision resolutions
· RAN1 to prioritize work on specifying non-numerical K1 in application to DL SPS in licensed spectrum

From another perspective, it is also noted that similar optimized functionality was discussed during Rel-16 studies, e.g., on whether to allow the (re-)transmission of deprioritized HARQ-ACK later. Accordingly, it may be possible to alleviate this issue by multiplexing of traffic/UCI with different priorities and handling HARQ-ACK dropping under the scope of “Intra-UE Multiplexing/Prioritization”. Particularly, properly designed multiplexing and dropping rule can address the issue of HARQ-ACK dropping for DL SPS to improve PUCCH transmission efficiency and the system performance and to avoid redundant PDSCH retransmission, while at the same keep high priority traffic unaffected.
Improved HARQ-ACK Latency-Reliability Tradeoff
Another category of UE feedback enhancements discussed during Rel-16 studies aims to increase the HARQ-ACK reliability-latency tradeoff. The following methods were proposed in this regard, without going into details:
· Feedback compression methods
· Power control
· Code-rate improvements
· PUCCH repetitions
· PUCCH transmit diversity improvements

Among the listed enhancements, in our view PUCCH repetition in the manner similar to PUSCH repetition type B could be a promising solution to pursue (see Figure 2):
· PUSCH repetition type B was introduced in Rel-16 in order to optimize latency-reliability tradeoff. A representative example is that a PUSCH transmission can start towards the end of one slot and continue from the beginning of another slot.
· Similar enhancement can be introduced for PUCCH, e.g. for short PUCCH and “relatively short” long PUCCH. One potential scenario for considering such PUCCH repetitions is handling of dropping of PUCCH due to collisions. If a repeated PUCCH collides and requires dropping of the overlapped PUCCHs, the non-overlapped PUCCHs remain and increase chance of delivery.
· Frequency hopping between repetitions of PUCCH also needs to be enhanced
· Mechanisms to apply different spatial precoding on repetitions also needs a study
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[bookmark: _Ref47736410]Figure 2. Illustration of back-to-back PUCCH repetitions

Proposal 2
· RAN1 to prioritize work on introducing back-to-back repetitions for short PUCCH and “relatively short” long PUCCH (e.g. 4-7 symbols)
· Note, RAN1 should consider scope overlap with coverage enhancement item if PUCCH repetitions are also discussed there

Conclusions
In this contribution the UE HARQ feedback enhancements targeting URLLC/IIOT scenarios in Release 17 have been presented. Based on analysis and discussion, the following observations and proposals have been made:

Observation 1
· DL SPS HARQ-ACK may experience high dropping rate due to collisions especially when short periodicities and/or multiple SPS configurations are employed

Proposal 1
· RAN1 to prioritize work on specifying one-shot HARQ-ACK requested for a group of HARQ processes targeting DL SPS collision resolutions
· RAN1 to prioritize work on specifying non-numerical K1 in application to DL SPS in licensed spectrum

Proposal 2
· RAN1 to prioritize work on introducing back-to-back repetitions for short PUCCH and “relatively short” long PUCCH (e.g. 4-7 symbols)
· Note, RAN1 should consider scope overlap with coverage enhancement item if PUCCH repetitions are also discussed there
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