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1 Introduction
In WID [1], the following objective was agreed:
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 
In this contribution, UE feedback enhancements for HARQ-ACK are discussed.

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]HARQ-ACK Enhancements
[bookmark: OLE_LINK69]In Rel-16 URLLC and IIoT WI, several new features were introduced to meet URLLC requirements. First, intra-UE multiplexing/prioritization to handle collision of low-priority channel and high-priority channel is introduced. Second, UL cancelation indication to cancel low-priority channel for a UE and to transmit high-priority channel for another UE is introduced. In both of features, a basic operation is to cancel/drop the low-priority channel, which may or may not include HARQ-ACK information. 
More details, HARQ-ACK dropping cases in Rel-16 are summarized:  
1) Intra-UE multiplexing/prioritization: Due to time limitations in Rel-16, the intra-UE multiplexing of high-priority channel and low-priority channel was rarely discussed and postponed to Rel-17 URLLC/IIoT WI. Since Rel-16 URLLC only supports intra-UE prioritization (i.e. drop the low-priority channel and transmit the high-priority channel under processing time constraints), the low-priority channel is dropped regardless of which information is in the low-priority channel and how much impact is on system and UE. For example, the following two scenarios are related to HARQ-ACK dropping cases, i.e.,  
· [bookmark: _Hlk47627911]Case A) High priority PUSCH vs. low priority PUCCH with HARQ-ACK 
· Case B) High priority PUCCH with HARQ-ACK vs. low priority PUCCH with HARQ-ACK

2) UL cancelation indication: Rel-16 introduced an UL cancelation indication. If a UE receives an UL cancelation indication and the scheduled UL channel is overlapped with the indicated resource by the UL cancelation indication, it should be cancelled. In fact, a PUSCH and SRS can be cancelled by the UL cancelation indication, but a PUCCH cannot be cancelled. So, HARQ-ACK information in a PUCCH can be independent to the UL cancelation indication. However, if HARQ-ACK information is multiplexed in a PUSCH, then the PUSCH can be cancelled by the UL cancelation indication.
· [bookmark: _Hlk47627921]Case C) Cancelation of PUSCH with HARQ-ACK 

3) Shorter SPS periodicity: In Rel-15, periodicity of SPS PDSCH reception is multiple of 10ms so that gNB can simply avoid a directional collision of semi-static DL symbols and PUCCH carrying HARQ-ACK information for SPS PDSCH. However, in Rel-16, it is introduced up to 1 slot periodicity for SPS reception. If 1-slot SPS periodicity are configured, HARQ-ACK information for a SPS reception may overlap with a semi-static DL symbol. For example, consider that the semi-static TDD UL/DL configuration of 5-slot periodicity is DDDSU where D slot having 14 DL symbols, U slot having 14 UL symbols, and S slot having 10 DL symbols, 2 Flexible symbols, and 2 UL symbols. If SPS PDSCH reception with 1-slot periodicity and K1=2 is configured, the HARQ-ACK information of the SPS PDSCH in the first D slot is configured to be transmitted at the third slot, which is DL-only slot. In this case, the HARQ-ACK information for the first SPS PDSCH reception is dropped due to directional collision. 
· Case D) Directional Collision between HARQ-ACK for SPS PDSCH reception and semi-static TDD UL/DL configuration
It should be noted that compared to case A/B/C where gNB could handle HARQ-ACK dropping by properly scheduling high-priority channels, gNB cannot avoid the directional collision even with a proper scheduler. For example, choosing any K1 value also results in the directional collision. 

· Observation 1: HARQ-ACK information is dropped at least in the following cases: 
· Case A) High priority PUSCH vs low priority PUCCH with HARQ-ACK 
· Case B) High priority PUCCH with HARQ-ACK vs low priority PUCCH with HARQ-ACK
· Case C) Cancelation of PUSCH with HARQ-ACK 
· [bookmark: _Hlk47780095]Case D) Directional Collision between HARQ-ACK for SPS PDSCH reception and semi-static TDD UL/DL configuration

[bookmark: _Hlk47620297]The dropping HARQ-ACK information results in negative impacts on system and UE. For example, PDSCHs corresponding to the dropped HARQ-ACK information may be re-scheduled by PDCCHs and re-transmitted by PDSCHs, which occupy downlink control channel resource and thus reduce downlink data throughput. Also, the dropped HARQ-ACK information anyway will be re-transmitted via PUCCH or PUSCH, so that uplink control resource may be limited, and uplink data throughput may be reduced. Rel-17 should provide new techniques to avoid frequent dropping of HARQ-ACK information. 
· Proposal 1: Rel-17 should introduce solutions to avoid frequent dropping of HARQ-ACK information.

Potential solutions for dropped HARQ-ACK information are to use type-3 (one-shot) HARQ-ACK codebook. The type-3 (one-shot) HARQ-ACK codebook was introduced in Rel-16 NR-U WI to re-send HARQ-ACK information for all HARQ process for all serving cells. The motivation of the type-3 (one-shot) HARQ-ACK codebook is that HARQ-ACK information is dropped due to LBT failure so it is needed to re-send HARQ-ACK information. Basically, there is a similarity between the HARQ-ACK dropped by LBT failure and the HARQ-ACK dropped by the A/B/C cases. Already type-3 (one-shot) HARQ-ACK codebook is well-defined in NR-U WI, and it can be used to re-send HARQ-ACK information dropped by the A/B/C cases. However, a problem of type-3 (one-shot) HARQ-ACK codebook is that the size of type-3 HARQ-ACK codebook is too large to be transmitted with higher reliability. In URLLC/IIoT, the reliability of HARQ-ACK transmission needs to be ensured. So further specification works are required to reduce the size of type-3 HARQ-ACK codebook or to ensure reliability of type-3 HARQ-ACK codebook. Another problem of type-3 HARQ-ACK codebook is that it does not allow to multiplex HARQ-ACK for SPS release DCI in type-3 HARQ-ACK codebook. The type-3 HARQ-ACK codebook includes HARQ-ACK information for all HARQ process numbers. However, since SPS release DCI does not have HARQ process number, its HARQ-ACK cannot be multiplexed. Therefore, even if type-3 HARQ-ACK codebook is used to re-send the dropped HARQ-ACK, the HARQ-ACK for SPS release DCI is still dropped. 
· Proposal 2: As a potential solution for A/B/C cases, consider to use type-3 HARQ-ACK codebook. 
· FFS: size reduction and reliability of type-3 HARQ-ACK codebook 
· FFS: multiplexing HARQ-ACK for SPS release DCI

[bookmark: _Hlk47629607]As addressed above, gNB may not avoid the HARQ-ACK dropping in case D and the HARQ-ACK dropping may occur very frequently (depending on semi-static UL/DL configurations and SPS PDSCH periodicity). In this case, type-3 HARQ-ACK codebook is not suitable, because a PDCCH indicating type-3 HARQ-ACK codebook is needed to be transmitted, which is not aligned with the motivation of SPS PDSCH to reduce downlink control channel overhead. Thus, rather than to use type-3 HARQ-ACK codebook (or any DCI based re-sending), it would be better to introduce autonomous HARQ-ACK resending or to multiplex the dropped HARQ-ACK information to the different HARQ-ACK information. 
· Proposal 3: As a potential solution for case D, consider to introduce autonomous HARQ-ACK resending or to multiplex the dropped HARQ-ACK information to the different HARQ-ACK information. 

So far, we discussed the HARQ-ACK dropping cases and potential solutions. In Rel-15/16, there are some limitations related to HARQ-ACK feedback. 
 In Rel-16, sub-slot-based HARQ-ACK transmission were introduced to support more than one PUCCH carrying HARQ-ACK information in a slot. The sub-slot length is 2- or 7-symbol. For example, if sub-slot length is configured to 7-symbol, then at most two PUCCH carrying HARQ-ACK information are allowed in a slot, where the first PUCCH is in the first half slot of length 7 and the second PUCCH is in the second half slot of length 7. A PUSCH or PUCCH may be scheduled or configured to transmit in a slot and it overlaps two PUCCHs in the slot. In Rel-16, if a UE is scheduled with two PUCCHs in a slot, then gNB cannot schedule a PUSCH overlapping the two PUCCHs in the slot. In other words, the PUSCH should be scheduled to symbols not overlapping the PUCCHs in the slot, which results in lower reliability or higher latency. 
 In Rel-15/16, if type-1 (semi-static) HARQ-ACK codebook is configured, the type-1 HARQ-ACK codebook can be multiplexed on PUSCH. Here, if PDCCH scheduling PDSCH reception is later than the PDCCH scheduling PUSCH, then the HARQ-ACK information for the PDSCH reception is omitted in the type-1 HARQ-ACK codebook. It is because that the generation of the PUSCH is dependent on the HARQ-ACK information in type-1 HARQ-ACK codebook. However, it blocks a UE from multiplexing the time-sensitive HARQ-ACK information in the PUSCH transmission. 
· Proposal 4: Further consider the case where more than one PUCCHs carrying HARQ-ACK information overlapping with a PUCCH or PUSCH. 
· Proposal 5: Further consider the case where a PDCCH scheduling PDSCH reception is later than a PDCCH scheduling PUSCH. 

3 Conclusion
In this contribution, we discussed HARQ-ACK enhancements for URLLC/IIoT. The followings are proposed: 
· Observation 1: HARQ-ACK information is dropped at least in the following cases: 
· Case A) High priority PUSCH vs low priority PUCCH with HARQ-ACK 
· Case B) High priority PUCCH with HARQ-ACK vs low priority PUCCH with HARQ-ACK
· Case C) Cancelation of PUSCH with HARQ-ACK 
· Case D) Directional Collision between HARQ-ACK for SPS reception and semi-static TDD UL/DL configuration
· Proposal 1: Rel-17 should introduce solutions to avoid frequent dropping of HARQ-ACK information.
· Proposal 2: As a potential solution for A/B/C cases, consider to use type-3 HARQ-ACK codebook. 
· FFS: size reduction and reliability of type-3 HARQ-ACK codebook 
· FFS: multiplexing HARQ-ACK for SPS release DCI
· Proposal 3: As a potential solution for case D, consider to introduce autonomous HARQ-ACK resending or to multiplex the dropped HARQ-ACK information to the different HARQ-ACK information. 
· Proposal 4: Further consider the case where more than one PUCCHs carrying HARQ-ACK information overlapping with a PUCCH or PUSCH. 
· Proposal 5: Further consider the case where a PDCCH scheduling PDSCH reception is later than a PDCCH scheduling PUSCH. 
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