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Introduction
[bookmark: _Toc56763730][bookmark: _Hlk56148125]In the RAN1 #103e meeting, UE feedback enhancements for HARQ-ACK were discussed and the following agreements were reached [1][2]:
Agreements: 
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 re-transmission
· FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 
Agreements: 
In the studies on PUCCH carrier switching for HARQ-ACK, PUCCH carrier switching for different cells operated is considered only for cells that are part of the active UL CA configuration.
Agreements: 
For the studies on SPS HARQ skipping for skipped 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 DM-RS instead of SPS DM-RS, …
Agreements: 
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)
0. FFS: Details
1. NACK skipping (ACK-only) (Alt. 2)
1. FFS: Details
1. HARQ bundling / compression (Alt. 3)
2. FFS: Details including HARQ bundling / compression window, bundling / compression technique
1. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
3. The skipping / disabling is higher-layer configured per SPS configuration
3. FFS: HARQ-ACK skipping behaviour for Type 1 CB
In this contribution, we will discuss some aspects about SPS HARQ-ACK enhancements for Rel.17 URLLC.
SPS HARQ-ACK dropping for TDD
In the last meeting, two options were selected to address the issue of SPS HARQ-ACK dropping for TDD systems: 
· 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 re-transmission
· FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 
The option 1 and option 2 each has pros and cons as discussed in the previous meeting. To our opinion, both options could be further considered before down selection. 
Discussion on the option 1
Valid UL symbols for PUCCH should be after the predetermined PUCCH which corresponds to K1 indication. It is no doubt that semi-static UL symbols is valid UL symbols. The semi-static flexible symbol(s) is possible to be dynamically transferred to DL or UL symbols by dynamic SFI. If the SFI is missed at the UE side while the gNB thinks the indication of SFI has been valid, there would be misalignments about the available UL symbols between gNB and UE. Then the reliability of deferred SPS HARQ would be impacted if the semi-static flexible symbol(s) is deemed as available symbols. This will harm the performance of URLLC. To satisfy high reliability of SPS HARQ, semi-static flexible symbols could be exempted from being valid symbols for available PUCCH. However, for most cases, SFI could be correctly detected and this restriction would delay the deferred HARQ-ACK to further later symbols. This is also detrimental to URLLC from the latency performance point of view.
Observation 1: Always exempting semi-static F symbols from being valid symbols is detrimental from the latency performance point of view for URLLC.
The performance of SFI could be controllable at gNB side to some extent. In addition, gNB is also aware of the reliability requirement of SPS. Then, it could be efficient gNB configures semi-static F symbols are valid symbols for “available” PUCCH when the probability of SFI misdetection is really low while invalid if the probability is unacceptable comparing with the reliability of SPS.
Proposal 1: gNB configures whether UL symbols indicated by SFI could be valid symbols when decide available PUCCH or not.
For option 1, the definition of next available PUCCH should be decided. There are two cases:
Case A: Without the deferred HARQ-ACK, the PUCCH does not exist. 
Case B: The PUCCH was to be transmitted even if there is no deferred HARQ-ACK. 
For case A, several contiguous symbols within the valid symbols in one slot/subslot could be considered for available PUCCH transmission. To decide the number of contiguous symbols, PUCCH parameters configured by n1PUCCH-AN/SPS-PUCCH-AN-List-r16 for SPS HARQ-ACK could be reused or special PUCCH configuration for deferred HARQ-ACK could be considered. 
Proposal 2: To decide the number of contiguous symbols for available PUCCH transmission, PUCCH parameters configured by n1PUCCH-AN/SPS-PUCCH-AN-List-r16 could be reused, or special PUCCH configuration for deferred HARQ-ACK could be considered.
For case B, PUCCH resource could be configured by SPS-PUCCH-AN-List-r16, multi-CSI-PUCCH-ResourceList, or PUCCH-ResourceSet in PUCCH-Config. According to Rel.16 procedure, PUCCH transmission according to SPS-PUCCH-AN-List-r16 or multi-CSI-PUCCH-ResourceList is based on semi-static configuration and could have consistent understanding between gNB and UE. For PUCCH configured by PUCCH-ResourceSet, the transmission depends on dynamic scheduling. Whether consistent PUCCH could be achieved by gNB and UE depends on the probability of DCI misdetection. Similar as the above discussion, it is proposed gNB configures whether PUCCH transmission scheduled for dynamic HARQ-ACK could be used as available PUCCH or not.
Proposal 3: Semi-static configured PUCCH transmission according to SPS-PUCCH-AN-List-r16 or multi-CSI-PUCCH-ResourceList could be used as available PUCCH.
Proposal 4: gNB configures whether PUCCH transmission scheduled for dynamic HARQ-ACK could be used as available PUCCH or not.
To our understanding, the deferred HARQ-ACK is expected to be transmitted as early as possible. It is proposed the next available PUCCH is the earliest one within the PUCCHs decided by both Case A and Case B.
Proposal 5: The next available PUCCH is the earliest one within the PUCCHs decided within available symbols and the PUCCHs which was to be transmitted according to Rel.16 procedure.
Discussion on the option 2
For the triggering of one-shot / Type-3 CB, it is observed the current triggering procedure is flexible since dynamic indication is assumed. gNB can decide when to send the triggering message and can control the moment for the triggered transmission considering load balance, symbols collision, latency and reliability requirements and etc. However, possible misdetection of triggering information may also cause performance impacts on the SPS. Nevertheless, due to the triggering flexibility, gNB could provide large aggregation level, PDCCH mapping decision, and etc to get high performance for this kind of DCI. If gNB has no self-confidence about DCI performance, option 1 could be used.
Another noticeable issue about option 2 is the CB construction optimizations. Currently, HARQ-ACK for all configured HARQ processes would be included in the triggered HARQ-ACK CB. There would be obvious redundant bits since it is less possible all the HARQ processes are applied for SPS PDSCH and the corresponding HARQ-ACK is deferred. Only including the dropped HARQ-ACK in the one shot triggered HARQ-ACK CB could optimize the efficiency much. The procedure of triggering one-shot CB should be further optimized if the CB optimization is supported, such as DCI format, PDCCH monitoring, and etc. 
Observation 2: The current triggering procedure is flexible. 
Proposal 6: Optimize one-shot HARQ CB triggering if the CB optimization is supported.
SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH
For SPS HARQ skipping for skipped SPS PDSCH, “NACK” skipping is to be further discussed. 
When some of the SPS HARQ-ACK in one PUCCH is skipped due to SPS PDSCH skip, gNB could also realize corresponding SPS HARQ-ACK is skipped. However, when gNB did transmit one SPS PDSCH while it is missed and corresponding HARQ-ACK is skipped by UE, gNB has to blind detect the payload size of UCI which would bring much complexity. Even if gNB detect the UCI through blind detection, still it is hard for the gNB to determine the detected SPS HARQ-ACK(s) each corresponds to which SPS PDSCH(s). Therefore, it is proposed SPS HARQ-ACK skipping is used when one PUCCH only includes SPS HARQ-ACK for skipped SPS PDSCH and all the HARQ-ACKs are NACK . If twice blind detecting could be supported, SPS HARQ-ACK skipping could be used in one PUCCH which SPS HARQ-ACK skipping is multiplexed with other UCI and all the SPS HARQ-ACKs are NACK.
Proposal 7: SPS HARQ-ACK skipping is used when one PUCCH only includes SPS HARQ-ACK for skipped SPS PDSCH and all the HARQ-ACKs are NACK. If twice blind detecting could be supported, SPS HARQ-ACK skipping could be used in one PUCCH which SPS HARQ-ACK skipping is multiplexed with other UCI and all the SPS HARQ-ACKs are NACK.
Conclusion
In this contribution, we discussed some aspects about SPS HARQ-ACK enhancements for Rel.17 URLLC. The following observations and proposals are reached:
Observation 1: Always exempting semi-static F symbols from being valid symbols is detrimental from the latency performance point of view for URLLC.
Proposal 1: gNB configures whether UL symbols indicated by SFI could be valid symbols when decide available PUCCH or not.
Proposal 2: To decide the number of contiguous symbols for available PUCCH transmission, PUCCH parameters configured by n1PUCCH-AN/SPS-PUCCH-AN-List-r16 could be reused, or special PUCCH configuration for deferred HARQ-ACK could be considered.
Proposal 3: Semi-static configured PUCCH transmission according to SPS-PUCCH-AN-List-r16 or multi-CSI-PUCCH-ResourceList could be used as available PUCCH.
Proposal 4: gNB configures whether PUCCH transmission scheduled for dynamic HARQ-ACK could be used as available PUCCH or not.
Proposal 5: The next available PUCCH is the earliest one within the PUCCHs decided within available symbols and the PUCCHs which was to be transmitted according to Rel.16 procedure.
Observation 2: The current triggering procedure is flexible. 
Proposal 6: Optimize one-shot HARQ CB triggering if CB optimization is supported.
Proposal 7: SPS HARQ-ACK skipping is used when one PUCCH only includes SPS HARQ-ACK for skipped SPS PDSCH and all the HARQ-ACKs are NACK. If twice blind detecting could be supported, SPS HARQ-ACK skipping could be used in one PUCCH which SPS HARQ-ACK skipping is multiplexed with other UCI and all the SPS HARQ-ACKs are NACK.
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