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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. In RAN1#103e, it was agreed to focus on following solutions.
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· Option 2: Dynamic triggering of a one-shot / Type 3 CB type of retransmission
In our view, both Option 1 and Option 2 should be supported in Rel.17.
[bookmark: _Hlk61599339]On Option 1, for determining a next available PUCCH, at least semi-static UL symbols that are not SS/PBCH block symbols should be considered. Semi-static flexible symbols (except semi-static invalid symbols) can also be considered to determine next available PUCCH. On PUCCH resource for the next available PUCCH, PUCCH resource for SPS PDSCH (PUCCH resources configured in sps-PUCCH-AN-List-r16) should be considered. If there is PUCCH resource for DG PDSCH in a same slot/sub-slot, SPS HARQ-ACK should be multiplexed with HARQ-ACK for DG PDSCH in a same HARQ-ACK codebook based on the Rel.16 multiplexing rule. For Option 1, whether to apply the limitation such as maximum latency was one of discussion point. From URLLC point of view, to consider packet survival time or latency requirement for deferred number of slots would be beneficial.
On Option 2, Rel.16 already supports one-shot / Type 3 codebook in licensed band and this feature is used 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. The design should be unified for SPS HARQ dropping for TDD and retransmission of cancelled HARQ-ACK. The potential enhancements would be the handling of priority and overhead reduction. In Rel.16, Type 3 codebook contains HARQ-ACK bits of all HARQ processes regardless of priority in the triggering DCI. Therefore, the codebook size could large. Instead of reporting HARQ-ACK for all configured HARQ processes, only transmitting SPS HARQ processes or dropped HARQ processes can be considered.
Proposal 1: For support avoiding SPS HARQ-ACK dropping for TDD, both Option 1 and Option 2 are supported in Rel.17.
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· Option 2: Dynamic triggering of a one-shot / Type 3 CB type of retransmission
Proposal 2: For deferring HARQ-ACK until a next available PUCCH (Option 1),
· On determining a next available PUCCH, at least semi-static UL symbols that are not SS/PBCH block symbols should be considered.
· On PUCCH resource for the next available PUCCH, PUCCH resource for SPS PDSCH (PUCCH resources configured in sps-PUCCH-AN-List-r16) should be considered.
Proposal 3: For Dynamic triggering of a one-shot / Type 3 CB type of retransmission (Option 2)
· The design should be unified for SPS HARQ dropping for TDD and retransmission of cancelled HARQ-ACK.
· Instead of reporting HARQ-ACK for all configured HARQ processes, only transmitting SPS HARQ processes or dropped HARQ processes can be considered.

SPS HARQ skipping for “skipped” SPS PDSCH
In RAN1#103e, it was agreed that the further discussion should be focus on the following methods:
· ‘NACK skipping’ for (skipped) SPS PDSCH
· Dynamic indication of skipped SPS PDSCH occasion
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 because of avoiding the resource collision or using lower coding rate.
On dynamic indication of skipped SPS PDSCH occasion, additional DL signalling in DCI would be necessary. The merit is unclear since it requires additional overhead. The advantage of using SPS PDSCH with dynamic indication over using dynamic grant instead of using SPS PDSCH should be clarified.
Observation 1: The motivation to considering ‘skipped’ SPS PDSCH should be clarified.

SPS HARQ payload size reduction (of “non-skipped” SPS PDSCH)
In RAN1#103e, it was agreed that the further discussion should be focus on the following methods:
· 1. ACK skipping (NACK only)
· 2. NACK skipping (ACK only)
· 3. HARQ bundling / compression
· 4. HARQ-ACK disabling / skipping for certain SPS configuration
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. Therefore, HARQ payload size reduction could be realized by HARQ bundling and/or HARQ-ACK disabling. Disabling HARQ-ACK feedback for SPS could be considered assuming sufficiently lower BLER.
[bookmark: _Hlk54259404]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 4: 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. 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.
Dynamic indication of number of repetitions should be also supported. 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. To specify the dynamic repetition factor indication is one of objective in Rel.17 NR coverage enhancement [7]. The dynamic indication mechanism to be specified in NR coverage enhancement should also be applicable to sub-slot-based PUCCH repetition.
Proposal 5: Sub-slot-based PUCCH repetition is supported in Rel.17.
Proposal 6: For sub-slot-based PUCCH repetition, PUCCH formats 0 or 2 should also be applicable for PUCCH repetition.
Proposal 7: Dynamic indication of the number of repetitions to be specified in NR coverage enhancement should also be applicable to sub-slot-based PUCCH repetition.
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, both Option 1 and Option 2 are supported in Rel.17.
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· Option 2: Dynamic triggering of a one-shot / Type 3 CB type of retransmission
Proposal 2: For deferring HARQ-ACK until a next available PUCCH (Option 1),
· On determining a next available PUCCH, at least semi-static UL symbols that are not SS/PBCH block symbols should be considered.
· On PUCCH resource for the next available PUCCH, PUCCH resource for SPS PDSCH (PUCCH resources configured in sps-PUCCH-AN-List-r16) should be considered.
Proposal 3: For Dynamic triggering of a one-shot / Type 3 CB type of retransmission (Option 2)
· The design should be unified for SPS HARQ dropping for TDD and retransmission of cancelled HARQ-ACK.
· Instead of reporting HARQ-ACK for all configured HARQ processes, only transmitting SPS HARQ processes or dropped HARQ processes can be considered.
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 4: ACK skipping for SPS PDSCH is supported for one or two bits HARQ-ACK case.
Proposal 5: Sub-slot-based PUCCH repetition is supported in Rel.17.
Proposal 6: For sub-slot-based PUCCH repetition, PUCCH formats 0 or 2 should also be applicable for PUCCH repetition.
Proposal 7: Dynamic indication of the number of repetitions to be specified in NR coverage enhancement should also be applicable to sub-slot-based PUCCH repetition.
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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)

RAN1#103e
Agreement:
· To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options:
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· FFS: Details including the definition of a next (e.g., first) available PUCCH, CB construction / multiplexing
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of retransmission
· FFS: Details on triggering and/or CB construction (including Type-3 CB optimizations) / multiplexing

Agreement:
· For the studies on SPS HARQ skipping for SPS PDSCH, the further discussions should focus on the following reduced sets methods.
· ‘NACK skipping’ for (skipped) SPS PDSCH (Alt.1)
· FFS: Details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.)
· Note: This alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
· Dynamic indication of skipped SPS PDSCH occasions (Alt.3)
· FFS: Details including dynamic indication methods such as e.g., DCI, MAC CE, specific DMRS instead of SPS DMRS, …

Agreement:
· For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), the further discussions should focus on the following reduced sets of methods.
· 1. ACK skipping (NACK only) (Alt.1)
· FFS: Details
· 2. NACK skipping (ACK only) (Alt.2)
· FFS: Details
· 3. HARQ bundling / compression (Alt.3)
· FFS: Details including HARQ bundling / compression window, bundling / compression technique
· 4. HARQ-ACK disabling / skipping for certain SPS configuration (Alt.4)
· The skipping / disabling is higher-layer configured per SPS configuration
· FFS: HARQ-ACK skipping behaviour for Type 1 CB

Agreement:
· In the studies on PUCCH carrier switching for HARQ-ACK, PUCCH carrier switching for different cells operated is considered only for cells that part of the active UL CA configuration.
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