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Introduction
A work item on enhanced IIoT and URLLC was approved [1]. One of objectives of this work item is to study, identify and specify if needed, required physical layer enhancements for meeting URLLC requirement covering UE feedback enhancements for HARQ-ACK. This document provides our view on potential techniques related to UE feedback enhancement for HARQ-ACK.
Discussion
Support avoiding SPS HARQ-ACK dropping for TDD
In RAN1#102e, it was agreed to support enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol and this topic is to be considered as high priority. The following solutions to allow the SPS HARQ-ACK to be transmitted in a later PUCCH were identified.
· Option 1: Deferring HARQ-ACK until the first available valid PUCCH resource
· Option 2: gNB dynamic indication of one or more transmission opportunities for the postponed HARQ-ACK to UE
· Option 3: Indicating K1 value for each SPS transmission in a time window configured by RRC
· Option 4: Support one-shot HARQ-ACK request (i.e., Type 3 CB) for group of SPS HARQ processes
· Option 5: Support non-numerical (i.e., NN k1) for DL SPS operation in licensed spectrum
· Option 6: New HARQ-ACK feedback timing mechanism
· Option 7: HARQ-ACK feedback for all available SPS PDSCHs (including payload size optimization)
· Option 8: UE to select the first applicable k1 value from a set of configured k1 values to allow HARQ-ACK load balancing
· Option 9: Autonomous HARQ-ACK resending or to multiplex the dropped HARQ-ACK information to be different HARQ-ACK information
Option 1 seems to have less specification impact since no additional signaling is necessary. Determining the first available valid PUCCH resource is a similar mechanism to Rel.15/16 PUCCH repetition. The potential concerns would be the possibility of increased collision of PUCCH resources for multiple UEs and necessity of load balancing. However, how to avoid PUCCH resource collision may be handled by gNB implementation and load balancing could also be handled by proper TDD and SPS configurations by gNB.
If more flexibility is necessary, the solution with explicit indication could also be considered such as Option 2.
On Option 4, Type 3 codebook could be one of candidates for UE transmitting dropped HARQ-ACK transmission not only for SPS HARQ-ACK and but also for HARQ-ACK for DG PDSCH. If this feature is supported in licensed band to overcome the dropping of HARQ-ACK transmission due to intra-UE prioritization, it could also be applied to avoid SPS HARQ-ACK dropping for TDD.
Proposal 1: For support avoiding SPS HARQ-ACK dropping for TDD, following options are further studied.
· Option 1: Deferring HARQ-ACK until the first available valid PUCCH resource
· Option 2: gNB dynamic indication of one or more transmission opportunities for the postponed HARQ-ACK to UE
· Option 4: Support one-shot HARQ-ACK request (i.e., Type 3 CB) for group of SPS HARQ processes

SPS HARQ skipping for “skipped” or ‘non-skipped’ SPS PDSCH
In RAN1#102e, it was agreed to study further the following schemes:
· SPS HARQ skipping for ‘skipped’ SPS PDSCH
· SPS HARQ payload size reduction and/or skipping for ‘non-skipped’ SPS PDSCH
On SPS HARQ skipping for ‘skipped’ SPS PDSCH, the motivation should be clarified. In TSN situation, UE could be configured with a lot of SPS resource in DL for reducing the latency, while only a few of them would carry actual data and the remaining would be unused. In this situation, sending HARQ-ACK for all the DL SPS occasions would increase the overhead. However, in such situation, instead of using SPS PDSCH, just to use dynamic grant would be sufficient as the latency is not reduced by SPS resource usage itself. More flexible assignment of the resource by dynamic grant could reduce the latency further. In addition, for SPS HARQ skipping for ‘skipped’ SPS PDSCH, how UE identifies the skipped PDSCH situation should also be carefully considered as DTX detection of SPS PDSCH can require better SINR condition than successful decoding of PDSCH depending on MCS choice.
On SPS HARQ skipping for ‘non-skipped’ SPS PDSCH, in case of not using HARQ-ACK codebook, i.e., single or two bits HARQ-ACK case, just to send only ACK on PUCCH instead of to transmit both ACK and NACK can reduce the uplink interference levels as the majority is ACK if lower initial BLER is targeted and DTX/NACK is not distinguished in some of the network operations. 
On SPS HARQ payload size reduction, if the HARQ codebook is involved, the merit of ACK or NACK skipping is unclear. If HARQ-ACK codebook is used, in order to ensure aligned codebook size between gNB and UE, both ACK and NACK would be reported.
[bookmark: _Hlk54259404]Observation 1: The motivation to considering ‘skipped’ SPS PDSCH should be clarified.
Observation 2: In low BLER operation, ACK skipping is more reasonable than NACK skipping.
Observation 3: Involving HARQ codebook may not provide gain of HARQ skipping.
Proposal 2: ACK skipping for SPS PDSCH is supported for one or two bits HARQ-ACK case.

PUCCH repetition enhancements
For enhanced IIoT and URLLC, reducing the latency with high reliability is one of important function. In Rel.15, the target URLLC is limited to data size of up to 32 bytes. In such use case, data transmission with a low BLER is acceptable as the resource usage is not scarified much. Then, data transmission with a BLER target of lower than 10-5 without considering HARQ retransmission could be claimed as a feasible scheme. On the other hand, URLLC with data size more than 32 bytes is required for some use cases [3]. In this case, a single data transmission with a low BLER imposes a large resource usage. Therefore, operation with relatively higher initial BLER target and using fast HARQ-ACK would be beneficial for improving the resource usage. In order to achieve low latency and high reliability requirements with a spectrum-efficient manner, it is reasonable to perform initial data transmission with a BLER target of relatively high (such as 10-1 or 10-2) and allow achieving the high reliability target by using data retransmission(s). Based on reliability region analysis in [4-6], reliability constraint for HARQ-ACK feedback depends on latency and/or reliability of initial data (or instantaneous) transmission. For PDSCH transmission, relaxing the BLER target for performing initial transmission entails higher reliability requirement for HARQ-ACK feedback.
In Rel.15, only one PUCCH within a slot for HARQ-ACK transmission is supported. In Rel.16, in order to enable fast HARQ-ACK feedback to reduce the latency for URLLC, more than one PUCCH within a slot for HARQ-ACK transmission has been supported as sub-slot-based HARQ-ACK feedback procedure. The basic concept is slot-based HARQ-ACK codebook construction, HARQ-ACK timing indication, and PUCCH resource overriding procedure in Rel.15 are replaced by sub-slot-based procedure. Sub-slot sizes supported in Rel.16 are 2 symbols (i.e., 7 sub-slots within a slot) and 7 symbols (i.e., 2 sub-slots in a slot).
In Rel.16, sub-slot-based HARQ-ACK feedback does not allow PUCCH transmission across sub-slot boundary. This would impact the reliability of fast HARQ-ACK feedback. In order to improve HARQ-ACK reliability, configuring a longer sub-slot length or disabling the sub-slot-based operation is possible for longer PUCCH duration. However, these would lose the effect of fast HARQ-ACK feedback. If higher HARQ-ACK reliability is required while keeping sub-slot configuration short, multiple sub-slot transmission could be a possibility. However, it was concluded in RAN1#102e that sub-slot-based PUCCH repetition is not supported in Rel.16. Therefore, it should be studied in Rel.17.
The sub-slot-based PUCCH repetition should be applied to short PUCCH format and a dynamic indication of number of repetitions should be supported. In Rel.15, PUCCH repetition is only for long PUCCH formats (PUCCH formats 1, 3 or 4). When a UE is configured with sub-slot-based HARQ-ACK, especially with 2-symbol sub-slot, only short PUCCH formats (PUCCH formats 0 or 2) can be used. In such configuration, short PUCCH formats 0 or 2 should also be applicable for PUCCH repetition. In Rel.15, the number of PUCCH repetitions is semi-statically configured. However, as mentioned above, the reliability requirement for HARQ-ACK feedback depends on the reliability of initial transmission. The reliability of initial transmission may be changed dynamically based on the data size and/or resource availability. Therefore, it is necessary to introduce dynamic indication of the number of PUCCH repetitions. The number of repetitions can be indicated as an additional parameter in the PUCCH resource set. This does not increase the DCI overhead. Furthermore, to extend an applicable PUCCH format and/or to introduce dynamic indication of number of repetitions are not only limited to sub-slot-based HARQ-ACK feedback but also applicable to slot-based HARQ-ACK feedback.
Proposal 3: Following enhancement should be supported in Rel.17.
· The PUCCH repetition of short PUCCH formats (PUCCH formats 0 or 2) 
· The dynamic indication of the number of PUCCH repetition.

Retransmission of cancelled HARQ
In Rel.15, HARQ-ACK codebook is constructed without any consideration of latency and/or reliability requirements and these HARQ-ACK bits are multiplexed in one PUCCH. In Rel.16, in order to ensure latency and/or reliability requirements, two HARQ-ACK codebooks can be simultaneously constructed for supporting different service types. If UE is indicated to generate two HARQ-ACK codebooks, a first HARQ-ACK codebook is associated with a PUCCH of priority index 0 (i.e., low priority) and a second HARQ-ACK codebook is associated with a PUCCH of priority index 1 (i.e., high priority). Rules for the two HARQ-ACK codebooks for supporting different service types had been specified such that in case a high priority UL transmission overlaps with a low priority UL transmission, only the higher priority channel can be transmitted and the lower priority channel is dropped. Although this behaviour ensures the HARQ-ACK reliability for high priority UL, the spectral efficiency would be degraded. To improve this, multiplexing of HARQ-ACK feedbacks associated to different priorities into one PUCCH or PUSCH should be considered. This enhancement is discussed in [7] (in agenda 8.3.3).
Another enhancement to prevent system inefficiency due to HARQ-ACK dropping would be HARQ-ACK retransmission. This has been already specified in Rel.16 NR-U to overcome the dropping of HARQ-ACK transmission due to the LBT failure. The techniques specified in Rel.16 NR-U are enhanced Type-2 HARQ-ACK codebook (PDSCH grouping and NFI) and Type 3 HARQ-ACK codebook (one-shot codebook). These can be starting point, although to multiplex the HARQ-ACK with different priorities into one PUCCH or PUSCH should be more important.
Proposal 4: For the system efficiency improvement, multiplexing the HARQ-ACK associated with different priorities into one PUCCH or PUSCH should be prioritized.
Proposal 5: HARQ-ACK retransmission could be considered as one of potential techniques for improving the system efficiency. For HARQ-ACK retransmission, if specified, the techniques specified in Rel.16 NR-U such as enhanced Type-2 HARQ-ACK codebook and/or Type 3 HARQ-ACK codebook should be a starting point.

Conclusion
In this contribution, we provide our view on UE feedback enhancement for Rel.17 enhanced IIoT/URLLC. We made following observations and proposals.
Proposal 1: For support avoiding SPS HARQ-ACK dropping for TDD, following options are further studied.
· Option 1: Deferring HARQ-ACK until the first available valid PUCCH resource
· Option 2: gNB dynamic indication of one or more transmission opportunities for the postponed HARQ-ACK to UE
· Option 4: Support one-shot HARQ-ACK request (i.e., Type 3 CB) for group of SPS HARQ processes
Observation 1: The motivation to considering ‘skipped’ SPS PDSCH should be clarified.
Observation 2: In low BLER operation, ACK skipping is more reasonable than NACK skipping.
Observation 3: Involving HARQ codebook may not provide gain of HARQ skipping.
Proposal 2: ACK skipping for SPS PDSCH is supported for one or two bits HARQ-ACK case.
Proposal 3: Following enhancement should be supported in Rel.17.
· The PUCCH repetition of short PUCCH formats (PUCCH formats 0 or 2) 
· The dynamic indication of the number of PUCCH repetition.
Proposal 4: For the system efficiency improvement, multiplexing the HARQ-ACK associated with different priorities into one PUCCH or PUSCH should be prioritized.
Proposal 5: HARQ-ACK retransmission could be considered as one of potential techniques for improving the system efficiency. For HARQ-ACK retransmission, if specified, the techniques specified in Rel.16 NR-U such as enhanced Type-2 HARQ-ACK codebook and/or Type 3 HARQ-ACK codebook should be a starting point.
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[bookmark: _GoBack]Appendix: Agreements in previous meeting
RAN1#102e
Agreement:
· Study further at least the following schemes.
· SPS HARQ skipping for ‘skipped’ SPS PDSCH
· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot-based, etc.
· Retransmission of cancelled HARQ
· SPS HARQ payload size reduction and/or skipping for ‘non-skipped’ SPS PDSCH
· Type-1 HARQ codebook based on sub-slot PUCCH config
· PUCCH carrier switching for HARQ feedback
· Companies are encouraged to provide detailed analysis and comparison accordingly

Agreement:
· Support Rel.17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol.
· This topic is to be considered as high priority.
· FFS: Detailed solution(s)
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