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1. Introduction
At RAN#88e meeting, revised WID on enhanced industrial internet of things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR was approved with the objective as follows [1]:
	1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
2. [bookmark: _Hlk26864288]Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 
4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 



As shown above, the objective of this WI includes studying and identifying required physical layer feedback enhancements for meeting URLLC requirements covering UE feedback enhancements for HARQ-ACK. In the following section, the potential enhancements are discussed.

2. HARQ-ACK feedback enhancements
2.1. Reliability enhancements for HARQ feedback
In Rel. 15, only slot based repetition has been specified for long PUCCH formats (1/3/4) while repetition for short PUCCH formats (0/2) has not been specified even in Rel.16. From reliability perspective, slot based long PUCCH repetition would be enough to meet the requirement. On the other hand, when low latency perspective is taken into account in addition to reliability perspective, repetition of short PUCCH formats (0/2) and sub-slot based PUCCH repetition have possibility to reduce the latency because gNB can decode PUCCH in each repetition (a few symbol level) and doesn’t have to wait for the next slot to receive the next repetition. Therefore, these enhancements should be studied to improve the reliability.
Observation 1: Repetition of short PUCCH formats and sub-slot based PUCCH repetition have possibility to reduce the latency while achieving reliability requirement
Proposal 1: Study repetition of short PUCCH formats and sub-slot based PUCCH repetition for reliability enhancements for HARQ feedback

From another perspective, reducing UCI payload size of HARQ-ACK in a PUCCH/PUSCH has possibility to improve the reliability thanks to higher coding gain. To reduce the UCI payload size, HARQ-ACK bundling can be the starting point because almost all of HARQ-ACK bits would be ACK in URLLC/IIoT scenario. Therefore, this enhancement should be studied to improve the reliability.
Observation 2: Reducing UCI payload size of HARQ-ACK in a PUCCH/PUSCH has possibility to improve the reliability
Proposal 2: Study the reduction of UCI payload size of HARQ-ACK in a PUCCH/PUSCH for reliability enhancements for HARQ feedback, e.g., HARQ-ACK bundling

2.2. Recovery of the dropped HARQ-ACK
In Rel.16 intra-UE UL multiplexing/prioritization, 2-level PHY priority indication has been specified. If low priority PUCCH for HARQ-ACK is overlapped with high-priority UL, the PUCCH for HARQ-ACK is cancelled to transmit. While it is gNB’s choice whether or not HARQ-ACK is dropped due to intra-UE UL multiplexing/prioritization, HARQ-ACK is essential for gNB to appropriately schedule UEs for better system performance. Therefore, if the dropped HARQ-ACK can be recovered or retransmitted without retransmitting PDSCH, gNB can do more flexible scheduling and improve the spectral efficiency. For the possible solution, one-shot (Type 3) HARQ CB specified in Rel.16 NR-U can be the starting point because it can indicate UE to transmit HARQ-ACK for all HARQ processes. There is another solution, i.e., group-based (eType 2) HARQ CB, to retransmit HARQ-ACK, but group-based HARQ CB is optimized considering COT in unlicensed band. In licensed band there is no COT and hence, one-shot HARQ CB can be the starting point for the recovery of the dropped HARQ-ACK.
Observation 3: Recovery of the dropped HARQ-ACK has possibility to improve the spectral efficiency
Proposal 3: Study recovery of the dropped HARQ-ACK for spectral efficiency improvement
· One-shot (Type 3) HARQ CB specified in Rel.16 NR-U is the starting point

3. Conclusion
In this contribution, we discussed the UE feedback enhancements for HARQ-ACK for eIIoT/URLLC. Based on the discussion, we made following observations and proposals.
Observation 1: Repetition of short PUCCH formats and sub-slot based PUCCH repetition have possibility to reduce the latency while achieving reliability requirement
Proposal 1: Study repetition of short PUCCH formats and sub-slot based PUCCH repetition for reliability enhancements for HARQ feedback
Observation 2: Reducing UCI payload size of HARQ-ACK in a PUCCH/PUSCH has possibility to improve the reliability
Proposal 2: Study the reduction of UCI payload size of HARQ-ACK in a PUCCH/PUSCH for reliability enhancements for HARQ feedback, e.g., HARQ-ACK bundling
Observation 3: Recovery of the dropped HARQ-ACK has possibility to improve the spectral efficiency
Proposal 3: Study recovery of the dropped HARQ-ACK for spectral efficiency improvement
· One-shot (Type 3) HARQ CB specified in Rel.16 NR-U is the starting point
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