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Introduction
In the last meeting, following conclusions were made for joint operation between HARQ-ACK enhancement features [1]:
	Conclusion
[bookmark: _GoBack]There is no consensus to support the simultaneous configuration of one-shot HARQ-ACK re-transmission and dynamic PUCCH cell switching in Rel-17. 
Conclusion
There is no consensus to support the simultaneous configuration of the Rel-16 Type 3 HARQ-ACK CB and Rel-17 one-shot re-tx HARQ triggering for a UE in Rel-17. 
Conclusion
There is no consensus to support the simultaneous configuration of the Rel-17 Enhanced Type 3 HARQ-ACK CB and Rel-17 one-shot HARQ re-tx triggering for a UE in Rel-17. 


In this contribution, we discuss and provide our views on UE feedback enhancements for HARQ-ACK to support URLLC, mainly for joint operation among SPS HARQ-ACK deferral, HARQ-ACK codebook re-transmission and PUCCH cell switching. 

Discussion
In the last meeting, most parts of framework has been determined outlines of HARQ-ACK enhancement features would be. However, there were some remaining parts need to be clarified, which are mainly for joint operations between those features. In this section, we provide our views on the remaining issues and propose possible solutions to solve these issues. 

SPS HARQ-ACK deferral + PUCCH repetition
It should be clarified that SPS HARQ-ACK deferral should be performed per repetition bundle rather than per each repetition. SPS HARQ-ACK deferral is triggered by PUCCH resource in the initial slot in case where the PUCCH for SPS HARQ-ACK is not valid to transmit. 
In the last e-mail discussion for HARQ-ACK enhancement, similar issue and solution have been treated. There were three alternatives, and Alt. 1, which is not to allow HARQ-ACK deferral for PUCCH with repetition, has gotten most supports. In our view, PUCCH with repetition uses consecutive slots, which are available for the PUCCH transmission based on Rel-16 PUCCH repetitions. Thus, if PUCCH repetition is enabled in initial slots, it is natural to prohibit triggering deferral as like Alt.1.
Proposal #1: If the PUCCH format or PUCCH resource in the initial slot has a PUCCH repetition factor larger than 1, the PUCCH repetition for SPS HARQ-ACKs follows the R16 PUCCH repetition rule without considering the rules of SPS HARQ deferral.

If UE determines a target slot for deferred SPS HARQ-ACK, target PUCCH in the target slot may or may not be configured with repetition. If target PUCCH of SPS HARQ-ACK deferral is repeated over multiple (consecutive) slots, it would be necessary to discuss how to apply the maximum deferral constraint. Since repetitions of target PUCCH also can postpone to other available slot, it is necessary to clarify deferral boundary for repetition case. In the last meetings, there were some proposals. The first one is to apply maximum deferral limit to the first repetition. We think it can be considered as a baseline. 
Considering that there is no limitation on postponing via Rel-16 repetition procedure, it could be considered to adopt postponing limitation considering the number of repetition. For example, the number of repetition can be added to the maximum deferral value. This approach would allow to have equivalent maximum deferral range to single PUCCH case.
As an alternative, it can be considered not to use PUCCH resource with repetition as the target PUCCH. In this approach, there could be some options to avoid PUCCH resource with repetition. 
· PUCCH resource with repetition is regarded as invalid for SPS HARQ-ACK deferral. When UE determines a target slot for deferred SPS HARQ-ACK, UE would choose different slot where the valid PUCCH without repetition is. 
· If target slot and PUCCH resource are determined and the determined PUCCH resource is configured with repetitions, UE would drop the deferred SPS HARQ-ACK. 
Considering the above options, we think either option can be aligned with current specification so it can be easily adopted. Thus, we propose the following. 
Proposal #2: For target PUCCH with K repetitions in the target slot, adopt one of following options:
· Option 1: The maximum deferral limitation is applied only to the first repetition. Other repetition starting from the target PUCCH slot is performed without considering the maximum deferral limitation.
· Option 2: The maximum deferral limitation can be increased by K and is applied to the last repetition.
· Option 3: PUCCH resource with repetition is regarded as invalid for SPS HARQ-ACK deferral. When UE determines a target slot for deferred SPS HARQ-ACK, UE would choose different slot where the valid PUCCH without repetition is. 
· Option 4: If target slot and PUCCH resource are determined and the determined PUCCH resource is configured with repetitions, UE would drop the deferred SPS HARQ-ACK.

When repetition is configured to UE, the collision between repetitions can be considered. According to Rel-16 PUCCH repetition procedure, HARQ-ACK PUCCH repetition cannot be transmitted if there is another PUCCH repetition which has started earlier. Since gNB cannot have full control of SPS HARQ-ACK operation, there could be a number of deferred HARQ-ACK PUCCH transmissions with repetition. Then, gNB can only schedule dynamic HARQ-ACK PUCCHs in a slot after the end of PUCCH repetition or before the first repetition of target PUCCH. 
In order to avoid such scheduling restriction, it may be possible to schedule dynamic PUCCH earlier than SPS HARQ-ACK deferral triggering. However, it couldn’t be a solution for URLLC scenario. To keep schedule flexibility, it can be considered to allow dynamic HARQ-ACK PUCCH to overrides previous PUCCH repetition caused by SPS HARQ-ACK deferral. If it is adopted, gNB could have a choice whether to keep SPS HARQ-ACK deferral or schedule new PUCCH transmission. 
Proposal #3: For collision between PUCCH repetition by SPS HARQ-ACK deferral and other (HARQ-ACK) PUCCH, PUCCH repetition carrying the deferred HARQ-ACK can be overridden by other PUCCH transmission or repetitions. 

SPS HARQ-ACK deferral + HARQ-ACK codebook re-transmission
For joint operation between SPS HARQ-ACK deferral and HARQ-ACK codebook re-transmission, it is necessary to discuss how the HARQ-ACK codebook re-transmission would treat the deferred SPS HARQ-ACK in initial slot and target slot. 
In case where UE is configured to use SPS HARQ-ACK deferral and HARQ-ACK codebook re-transmission, it is possible for gNB to trigger the one-shot HARQ-ACK feedback to re-transmit cancelled and deferred SPS HARQ-ACK. There could be two UE behaviours for this case. 
· Option 1: UE regards that deferred SPS HARQ-ACK doesn’t exist in the slot subject to the one-shot HARQ-ACK triggering since the PUCCH for the SPS HARQ-ACK would, anyhow, be deferred to another slot. 
· Option 2: UE assumes that there is no SPS HARQ-ACK deferral for HARQ-ACK codebook re-transmission. In other words, UE would re-transmit the SPS HARQ-ACK in the one-shot HARQ-ACK feedback regardless of whether SPS HARQ-ACK deferral is performed or not. 
Similar issue can occur when gNB triggers one-shot HARQ-ACK feedback to re-transmit PUCCH in a slot and SPS HARQ-ACK is deferred (from previous slot) to the slot. There could be another two UE behaviours for this case.
· Option 1: UE regards that deferred SPS HARQ-ACK exists in the slot. HARQ-ACK codebook re-transmission would contain both initial HARQ-ACK (originally to be transmitted in the slot) and the deferred SPS HARQ-ACK.  
· Option 2: UE assumes that there is no SPS HARQ-ACK deferral for one-shot HARQ-ACK re-transmission. In other words, UE would re-transmit only the initial HARQ-ACK (not including the deferred SPS HARQ-ACK) in this case.
Considering potential DCI missing by UE, Option 1 could cause ambiguity between UE and gNB. For this reason, we propose to adopt Option 2 for both cases. 
On the other hands, above Option 2 could make another issue. Since UE can perform HARQ-ACK deferral and HARQ-ACK codebook re-transmission in parallel, sometimes UE would transmit same HARQ-ACK information in two different PUCCH. Such duplicated transmissions are not desirable for uplink in general. Thus, if we can take risks of potential DCI missing, we can further consider following options. 
· Option 3: The PUCCH slot with a one-shot triggered HARQ-ACK CB is regarded as a target PUCCH slot for SPS HARQ-ACK deferral with same PHY priority as the PHY priority of the triggered one-shot HARQ-ACK re-transmission
· It is subjected to SPS HARQ-ACK deferred before PDCCH reception triggering HARQ-ACK codebook re-transmission.
· Option 4: If HARQ-ACK codebook re-transmission includes SPS HARQ-ACKs, these SPS HARQ_ACK is removed from pending SPS HARQ-ACK deferral, if any. 
· Option 5: HARQ-ACK codebook re-transmission doesn’t carries SPS HARQ-ACK able to be deferred. HARQ-ACK codebook re-transmission only includes dynamic HARQ-ACK codebook or SPS HARQ-ACK not configured with deferral. 
In our view, Option 5 is simplest way to support HARQ-ACK deferral and HARQ-ACK codebook re-transmission without any issue among these options. Consequently, we propose to take either Option 1 or Option 5. 
Proposal #4: For joint operation between SPS HARQ-ACK deferral and one-shot HARQ-ACK re-transmission, adopt one from following alternatives:
· Alt. 1: UE assume there is no SPS HARQ-ACK deferral for the one-shot HARQ-ACK re-transmission. In other words, UE performs one-shot HARQ-ACK re-transmission as if no SPS HARQ-ACK deferral occurs or is configured.
· Alt. 2: HARQ-ACK codebook re-transmission doesn’t carries SPS HARQ-ACK able to be deferred. HARQ-ACK codebook re-transmission only includes dynamic HARQ-ACK codebook or SPS HARQ-ACK not configured with deferral.

SPS HARQ-ACK deferral + dynamic PUCCH cell switching
In the previous meeting, it has been agreed to support PUCCH cell switching based on semi-static pattern and SPS HARQ-ACK deferral simultaneously. Since SPS HARQ-ACK deferral is semi-static operation based on configured PUCCH, it is reasonable to consider semi-static PUCCH cell pattern during SPS HARQ-ACK deferral procedure.
For the case of dynamic PUCCH cell switching, it could be different story. PUCCH with dynamic cell indication could change UL multiplexing behaviour, which can make changes on SPS HARQ-ACK deferral procedure. Thus, it should be determined how to handle UL multiplexing with dynamic PUCCH cell switching. Considering the DCI missing issue, it can be considered to avoid such scenarios. However, since SR and/or P-CSI can be allocated frequently for URLLC service, it is difficult to schedule PDSCH and HARQ-ACK PUCCH by avoiding all of SP/P-CSI resources. Thus, we propose the followings. 
Proposal #5: For PUCCH carrier switching based on dynamic indication, following can be considered:
· The UE does not expect a PUCCH slot with UCI on PCell /SPCell / PUCCH SCell to overlap with a PUCCH slot with HARQ-ACK on the dynamically indicated alternative PUCCH cell.
· UE drop SR/P-CSI transmission on a PUCCH resource if the PUCCH resource is overlapped with other (HARQ-ACK) PUCCH scheduled with PUCCH carrier indication.

If above proposal is adopted, there is no such case that deferred SPS HARQ-ACK is overlapped with PUCCH with cell switching indication. Therefore, it wouldn’t be an issue to configure SPS HARQ-ACK deferral and dynamic PUCCH cell switching simultaneously. 

HARQ-ACK codebook re-transmission + PUCCH repetition
As discussed before, the main purpose of HARQ-ACK codebook re-transmission is to recover omitted or dropped previous HARQ-ACK codebook transmissions. For example, one of the use cases is to re-transmit low priority HARQ-ACK which has been dropped by high priority transmission. Since HARQ-ACK codebook re-transmission uses slot-level offsets, it is necessary to indicate which PUCCH is targeted among multiple PUCCHs in a slot. For PHY layer prioritization, priority indicator in the triggering DCI works as the PUCCH indicator between LP and HP PUCCHs. 
However, if UE is configured with PUCCH repetitions, there could be the collision between same priority PUCCHs. In that case, UE determines PUCCH to be transmitted based on UCI types (e.g. HARQ-ACK > CSI) and starting point (e.g. early start > late start). Especially for the HARQ-ACK PUCCH transmission with repetition, another PUCCH of same priority cannot be transmitted before end of the PUCCH repetition. Thus, in such slot, UE may have one transmitted PUCCH resource and the other dropped PUCCH resource even for the single priority case. 
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Figure 1. HARQ-ACK codebook re-transmission in the collision between two PUCCH with repetitions
In such cases, it would be necessary the way to distinguish a PUCCH to be re-transmitted. Though there could be a number of options, we propose few of simple options for this issue can be considered. Figure 1 shows an example of the collision case involving PUCCH repetitions. In this example, Option 1 can indicates HARQ-ACK codebook in PUCCH #1 to be re-transmitted to PUCCH #3 since first occasion of PUCCH #1 is de-prioritized by PUCCH #0 due to starting point. Similarly, Option 2 also can indicates PUCCH #1 since that slot is a slot where the first occasion of PUCCH #1 starts. For Option 3, UE would re-transmit HARQ-ACK codebook in PUCCH #0 since slot 1 is a slot where last PUCCH occasion for PUCCH #0 is allocated. In Option 4, DCI should indicate slot 0 or 2 for PUCCH #0 or 1 respectively. However, UE can distinguish PUCCH #1 from PUCCH #0 anyway.
Proposal #6: For HARQ-ACK codebook re-transmission with PUCCH repetitions,
· Option 1: HARQ-ACK codebook re-transmission triggering DCI can indicate the any slot where PUCCH occasion is allocated.
· UE always chooses de-prioritized PUCCH for HARQ-ACK codebook transmission in the collision case involving PUCCH repetitions. 
· Option 2: HARQ-ACK codebook re-transmission triggering DCI always indicates the first slot where HARQ-ACK PUCCH had been scheduled originally.
· Option 3: HARQ-ACK codebook re-transmission triggering DCI always indicates the last PUCCH occasions among repetition bundle.
· Option 4: HARQ-ACK codebook re-transmission triggering DCI always indicates the first actual PUCCH transmission.


Semi-static PUCCH cell switching + PUCCH repetition
Currently, PUCCH cell switching is applied only for a slot. If the UE is configured with PUCCH resource having repetition factor, UE would determines PUCCH occasions over multiple slots. In addition, if the UE is also configured with PUCCH cell switching based on semi-static pattern, it is necessary to define how to handle multiple PUCCH occasions over multiple slot and PUCCH cell switching pattern which may or may not be aligned.
According to the discussion in the previous meetings, the majority view was that PUCCH resource is given by target carrier configuration so repetition would be done within the target carrier. Then, we think it is necessary to clarify how UE would handle PUCCH repetition based on PUCCH carrier switching pattern. Since it is difficult to guarantee that all the consecutive slots for repetition are mapped to same target carrier, it is more reasonable for UE to avoid the slot mapped to different carrier in the PUCCH repetition procedure. To avoid slots mapped to different carrier for PUCCH repetition, it is reasonable to re-use current principle that PUCCH repetition are repeated only in the consecutive slots avoiding invalid slot which have no sufficient uplink or flexible symbol. In other words, UE can regard a slot mapped to different cell as invalid for the PUCCH repetition in a cell. 
Proposal #7: For semi-static PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported 
· UE regards a slot mapped to different cell as invalid slot for the PUCCH repetition, so that the slot is not used for the PUCCH repetition. 
· PUCCH repetition mapped to different PUCCH cell is dropped or postponed according to Rel-16 PUCCH repetition procedure. 

Remaining issue on PUCCH cell switching
It was revised how to determine slot length for configuring PUCCH cell switching pattern as following agreement.
	Agreement
The time-domain pattern for semi-static PUCCH cell switching is based on the reference SCS configuration provided by tdd-UL-DL-ConfigurationCommon and is common to every configured UL BWP (of PCell / SPCell / PUCCH SCell).


However, it is noted that tdd-UL-DL-ConfigurationCommon is not mandatory parameter (but optionally provided). It means that, it is possible that UE is not configured with the reference SCS configuration but configured with semi-static cell switching. Therefore, it is necessary to discuss how UE determines slot length in such situation. Straightforwardly, it can be considered to use one of configured SCSs in primary cell such as lowest SCS of configured BWPs or the SCS of BWP having lowest index in PCell. Otherwise, we can consider SCS configuration in FrequencyInfoUL-SIB or FrequencyInfoUL, in order to avoid ambiguities from RRC re-configuration. Considering different SCS handling, we think it would be natural to use an option most aligned with the previous agreement as a solution. 
Proposal 8#: If UE is not configured with tdd-UL-DL-ConfigurationCommon but configured with semi-static cell switching operation, the time-domain pattern for semi-static PUCCH cell switching is based on lowest SCS of configured BWPs in PCell. 

When UE receives PDSCH scheduling, the UE needs PDSCH and PUCCH configuration to interpret DCI. For dynamic PUCCH carrier switching, it has been agreed that UE interprets DCI and K1 set based on the indicated target cell. For semi-static PUCCH carrier switching, since we already agreed that K1 is interpreted based on reference cell, it would be straightforward to use K1 set configured in the reference cell as well. 
Proposal #9: For PUCCH carrier switching based on semi-static pattern, UE assume K1 set configured in PCell/PSCell/PUCCH-SCell to interpret DCI field of PDSCH-to-HARQ-timing indicator. 

If UE is configured to use both dynamic PUCCH carrier switching and semi-static carrier switching, each switching mechanism uses different way to interpret HARQ-ACK timing K1 value. Thus, it is necessary to discuss how to consider those differences in the perspective of HARQ-ACK (e.g. Type-1) codebook construction. 
Proposal #10: For UE configured to use both dynamic and semi-static carrier switching, it is necessary to define which sets of HARQ-ACK timing values (configured for which cell) would be used for HARQ-ACK codebook construction. 

It has been common understanding that all the semi-static PUCCH transmissions including SR and CSI can switch PUCCH carrier based on the PUCCH carrier pattern configured by RRC. In case of HARQ-ACK, gNB can carefully select PUCCH resources for each PDSCH scheduling, so PRI can work even in the target cell. However, unlike HARQ-ACK, since SR and CSI use dedicated PUCCH resource/ID for these configuration, it may be difficult to use such PUCCH resource ID for both Pcell and Scell. Thus, it would be necessary to clarify which resource is used on the target carrier for SR/CSI transmission. 
Proposal #11: It is necessary to discuss how UE determines PUCCH resource for SR/CSI transmission on the target (switched) cell.

Remaining issue related to intra-UE multiplexing
Though the discussions has been dropped due to little progress on the Rel-17 intra-UE multiplexing, it still could be an big issue how to handle PHY priority for SPS HARQ deferral if the UE is configured with Rel-17 intra-UE multiplexing. In order to apply the intra-UE multiplexing to SPS HARQ-ACK deferral, it should be necessary to revisit the condition to trigger SPS HARQ-ACK deferral in initial slot and target slot determination for the deferred SPS HARQ-ACK transmission. 
In initial slot, the issue is how to treat inter-priority multiplexed PUCCH. In the single priority case, the deferring conditions are as below.
· SPS HARQ-ACK deferral is enabled in RRC
· PUCCH given by n1PUCCH or SPS-PUCCH-AN-List-r16 is considered after UL multiplexing
· PUCCH resource are overlaps in time with semi-static DL symbol, SSB and/or CORESET#0

It is possible to apply the above conditions to the intra-UE multiplexing. For example, when the intra-UE multiplexing is configured and HP and/or LP SPS HARQ-ACK are multiplex in a PUCCH given by n1PUCCH or SPS-PUCCH-AN-List-r16 and the PUCCH resource is to be cancelled by semi-static DL symbol, SSB and/or CORESET#0, this could be the deferring condition for intra-UE multiplexing. 
Proposal #12: At least the following conditions are kept for SPS HARQ deferral in case with intra-UE multiplexing. 
· SPS HARQ-ACK deferral is enabled in RRC
· PUCCH given by n1PUCCH or SPS-PUCCH-AN-List-r16 is considered as final PUCCH after intra-UE UL multiplexing
· PUCCH resource are overlaps in time with semi-static DL symbol, SSB and/or CORESET#0

There is a bit more complicated case that PUCCH met the deferring condition before inter-UE multiplexing but does not meet after the intra-UE multiplexing. For example, LP SPS HARQ-ACK can be multiplexed into HP PUCCH not given by n1PUCCH or SPS-PUCCH-AN-List-r16. If the HP PUCCH is cancelled, intra-UE multiplexing is not helpful anymore for saving LP HARQ-ACK from PUCCH prioritization. Thus, it can be considered to fallback to the same priority multiplexing in such case. In other words, if LP PUCCH can be deferred before inter-priority multiplexing and the final (HP) PUCCH where the LP PUCCH is multiplexed is to be cancelled after the inter-priority multiplexing, the deferring can be triggered for the LP PUCCH to save LP HARQ-ACK. Thus, we propose the following:
Proposal #13: If a SPS HARQ-ACK in a slot meets the deferring condition before inter-priority multiplexing and the SPS HARQ-ACK cannot be transmitted after inter-priority multiplexing, the SPS HARQ-ACK can be deferred.

Once SPS HARQ-ACK is deferred from initial slot, it is necessary to determine target slot. Since UL multiplexing procedure is considered to determine target slot, it is natural to consider Rel-17 inter-UE multiplexing procedure as well. 
Proposal #14: Rel-17 inter-UE multiplexing can be considered to determine valid target slot for SPS HARQ-ACK deferral. 

Considering inter-UE multiplexing procedure, it should be clarified first how to determine the priority of deferred SPS HARQ-ACK from the PUCCH multiplexed with different priority. For example, when LP and HP SPS HARQ-ACK is multiplexed on HP SPS HARQ-ACK PUCCH and the PUCCH is deferred, priority of the PUCCH resource is high but HARQ-ACK codebook priority is given by SPS configuration. Thus, we can consider following alternatives. 
· Alt. 1: (per SPS configuration basis) Regardless of PUCCH resource in initial slot, HARQ-ACK priority is given by corresponding SPS configuration. 
· Alt. 2: (based on PUCCH resource in initial slot) Once HARQ-ACKs are multiplexed into a PUCCH and the PUCCH is deferred, the priority of deferred HARQ-ACKs are regarded as the priority of the deferred PUCCH. 
To align with single priority case, we prefer Alt. 1. By adopting Alt. 1, we can use current framework for the priority handling of SPS HARQ-ACK deferral. 
Proposal #15: To determine the priority of deferred SPS HARQ-ACK from the PUCCH multiplexed with different priority, HARQ-ACK priority is given by corresponding SPS configuration regardless of deferred PUCCH resource in initial slot. 


Conclusions
In this contribution, potential UE feedback enhancements on HARQ-ACK for URLLC were discussed, and the followings are proposed.
Proposal #1: If the PUCCH format or PUCCH resource in the initial slot has a PUCCH repetition factor larger than 1, the PUCCH repetition for SPS HARQ-ACKs follows the R16 PUCCH repetition rule without considering the rules of SPS HARQ deferral.
Proposal #2: For target PUCCH with K repetitions in the target slot, adopt one of following options:
· Option 1: The maximum deferral limitation is applied only to the first repetition. Other repetition starting from the target PUCCH slot is performed without considering the maximum deferral limitation.
· Option 2: The maximum deferral limitation can be increased by K and is applied to the last repetition.
· Option 3: PUCCH resource with repetition is regarded as invalid for SPS HARQ-ACK deferral. When UE determines a target slot for deferred SPS HARQ-ACK, UE would choose different slot where the valid PUCCH without repetition is. 
· Option 4: If target slot and PUCCH resource are determined and the determined PUCCH resource is configured with repetitions, UE would drop the deferred SPS HARQ-ACK.
Proposal #3: For collision between PUCCH repetition by SPS HARQ-ACK deferral and other (HARQ-ACK) PUCCH, PUCCH repetition carrying the deferred HARQ-ACK can be overridden by other PUCCH transmission or repetitions. 
Proposal #4: For joint operation between SPS HARQ-ACK deferral and one-shot HARQ-ACK re-transmission, adopt one from following alternatives:
· Alt. 1: UE assume there is no SPS HARQ-ACK deferral for the one-shot HARQ-ACK re-transmission. In other words, UE performs one-shot HARQ-ACK re-transmission as if no SPS HARQ-ACK deferral occurs or is configured.
· Alt. 2: HARQ-ACK codebook re-transmission doesn’t carries SPS HARQ-ACK able to be deferred. HARQ-ACK codebook re-transmission only includes dynamic HARQ-ACK codebook or SPS HARQ-ACK not configured with deferral.
Proposal #5: For PUCCH carrier switching based on dynamic indication, following can be considered:
· The UE does not expect a PUCCH slot with UCI on PCell /SPCell / PUCCH SCell to overlap with a PUCCH slot with HARQ-ACK on the dynamically indicated alternative PUCCH cell.
· UE drop SR/P-CSI transmission on a PUCCH resource if the PUCCH resource is overlapped with other (HARQ-ACK) PUCCH scheduled with PUCCH carrier indication.
Proposal #6: For HARQ-ACK codebook re-transmission with PUCCH repetitions,
· Option 1: HARQ-ACK codebook re-transmission triggering DCI can indicate the any slot where PUCCH occasion is allocated.
· UE always chooses de-prioritized PUCCH for HARQ-ACK codebook transmission in the collision case involving PUCCH repetitions. 
· Option 2: HARQ-ACK codebook re-transmission triggering DCI always indicates the first slot where HARQ-ACK PUCCH had been scheduled originally.
· Option 3: HARQ-ACK codebook re-transmission triggering DCI always indicates the last PUCCH occasions among repetition bundle.
· Option 4: HARQ-ACK codebook re-transmission triggering DCI always indicates the first actual PUCCH transmission.
Proposal #7: For semi-static PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported 
· UE regards a slot mapped to different cell as invalid slot for the PUCCH repetition, so that the slot is not used for the PUCCH repetition. 
· PUCCH repetition mapped to different PUCCH cell is dropped or postponed according to Rel-16 PUCCH repetition procedure. 
Proposal 8#: If UE is not configured with tdd-UL-DL-ConfigurationCommon but configured with semi-static cell switching operation, the time-domain pattern for semi-static PUCCH cell switching is based on lowest SCS of configured BWPs in PCell. 
Proposal #9: For PUCCH carrier switching based on semi-static pattern, UE assume K1 set configured in PCell/PSCell/PUCCH-SCell to interpret DCI field of PDSCH-to-HARQ-timing indicator. 
Proposal #10: For UE configured to use both dynamic and semi-static carrier switching, it is necessary to define which sets of HARQ-ACK timing values (configured for which cell) would be used for HARQ-ACK codebook construction. 
Proposal #11: It is necessary to discuss how UE determines PUCCH resource for SR/CSI transmission on the target (switched) cell.
Proposal #12: At least the following conditions are kept for SPS HARQ deferral in case with intra-UE multiplexing. 
· SPS HARQ-ACK deferral is enabled in RRC
· PUCCH given by n1PUCCH or SPS-PUCCH-AN-List-r16 is considered as final PUCCH after intra-UE UL multiplexing
· PUCCH resource are overlaps in time with semi-static DL symbol, SSB and/or CORESET#0
Proposal #13: If a SPS HARQ-ACK in a slot meets the deferring condition before inter-priority multiplexing and the SPS HARQ-ACK cannot be transmitted after inter-priority multiplexing, the SPS HARQ-ACK can be deferred.
Proposal #14: Rel-17 inter-UE multiplexing can be considered to determine valid target slot for SPS HARQ-ACK deferral. 
Proposal #15: To determine the priority of deferred SPS HARQ-ACK from the PUCCH multiplexed with different priority, HARQ-ACK priority is given by corresponding SPS configuration regardless of deferred PUCCH resource in initial slot. 
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