3GPP TSG RAN WG1 #107-e						R1-2112052
e-Meeting, November 11th – 19th, 2021
Agenda Item:	8.3.1
Source: 	LG Electronics
Title: 	Discussion on UE feedback enhancement for HARQ-ACK
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
Introduction
In this contribution, we discuss and provide our views on UE feedback enhancements for HARQ-ACK to support URLLC, including SPS HARQ-ACK deferral, retransmission of HARQ-ACK feedback, and dynamic PUCCH carrier switching. 

Discussion
Avoiding SPS HARQ-ACK dropping 
In the last e-meeting, following agreements were made [1]:
	Agreement
For SPS HARQ-ACK deferral, in the target PUCCH slot the deferred SPS HARQ-ACK bits are appended to the initial HARQ bits / Type 1 or Type 2 codebook.

Agreement
For SPS HARQ-ACK deferral, the bit ordering of deferred SPS HARQ-ACK information from one or more initial slots in the target PUCCH slot is based on the Rel.16 SPS HARQ-ACK bit order principle as in clause 9.1.2 of TS38.213 is applied, i.e., based on serving cell index, SPS configuration index, SPS PDSCH slot index. 

Conclusion
If the UE is not configured with Rel-17 Intra-UE multiplexing, SPS HARQ for deferral of different PHY priorities can be separately deferred with the target PUCCHs separately determinated according to their respective PHY priorities.
· FFS on the PHY priority handling for SPS HARQ deferral if the UE configured with Rel-17 Intra-UE multiplexing



In Rel-17 HARQ-ACK enhancement, a lot of features would make additional HARQ-ACK codebooks. For example, SPS HARQ-ACK deferral procedure appends deferred HARQ-ACK codebook to initial HARQ-ACK codebook in target slot. In addition, the HARQ-ACK re-transmission feature also appends or replaces enhanced type-3 codebook and one-shot HARQ-ACK codebook with initial HARQ-ACK codebook. Though the mechanism and results of these features are similar, it could be necessary to configure all of them at the same time, in order to achieve different Rel-17 URLLC goals. In that case, it should be clarified how to construct HARQ-ACK codebook between the features. 
Since codebook construction methodologies are already agreed for each features, it would be straight forward to concatenate those codebook per feature. Thus, we propose as following. 
Proposal #1: HARQ-ACK codebook for deferred SPS HARQ-ACK is appended to enhanced type-3 codebook or one-shot HARQ-ACK re-transmission, if any. 

In the last meeting, PUCCH repetition handing in terms of HARQ-ACK deferral was discussed. First of all, 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. Based on Rel-16 PUCCH repetitions, PUCCH with repetition uses consecutive slots, which are available for the PUCCH transmission. Thus, if PUCCH repetition is enabled in initial slots, deferral cannot be triggered. 
Proposal #2: If PUCCH resource in a slot has repetition factor larger than 1, the PUCCH repetition for SPS HARQ-ACKs follows the Rel-16 rule without considering/applying the rules/limitations of SPS HARQ-ACK 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 would be good to define deferral boundary for repetition case. Considering that current maximum deferral value is configured for single PUCCH, it could be considered to add the number of repetition to the maximum deferral value. This approach would allow to have equivalent maximum deferral range to single PUCCH case.
Proposal #3: For target PUCCH with K repetitions in the target slot, the maximum deferral value can be increased by K.

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. 
· Option 1: 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 2: 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 is aligned with current specification so it can be easily adopted. Thus, we propose the following. 
Proposal #4: To handle joint operation between PUCCH repetition and SPS HARQ-ACK deferral, following options can be considered. 
· Option 1: 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 2: 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.

RRC parameter for the maximum deferral value is a unique parameter for SPS HARQ-ACK deferral. Thus, it would be simple to determine whether SPS HARQ-ACK deferral is enabled by presence of the RRC parameter configuring the maximum deferral value. 
Proposal #5: SPS HARQ-ACK deferral for a SPS configuration is enabled by configuring the maximum deferral value in the SPS configuration. 

For joint operation between SPS HARQ-ACK deferral and PUCCH carrier switching, it is necessary to define the processing order between the SPS HARQ-ACK deferral and the PUCCH carrier switching and to decide which cells are used for the HARQ-ACK deferral procedure. 
Since UE may avoid invalid slot for PUCCH transmission by PUCCH carrier switching, it would be reasonable to apply the PUCCH carrier switching first. According to the configured PUCCH carrier switching pattern, the UE may encounter invalid slot again. In that case, the UE can perform the HARQ-ACK deferral procedure in one of the following ways.
· Alternative 1: UE performs HARQ-ACK deferral in the switched carrier.
· Alternative 2: UE performs HARQ-ACK deferral in the original carrier and would try PUCCH carrier switching again. 
· Alternative 3: UE performs HARQ-ACK deferral according to PUCCH carrier switching pattern. 
Proposal #6: For joint operation between SPS HARQ-ACK deferral and PUCCH carrier switching, UE should apply PUCCH carrier switching first prior to SPS HARQ-ACK deferral procedure. 
· FFS: the case where UL slot in the switched carrier is invalid for SPS HARQ-ACK PUCCH. 

For joint operation between SPS HARQ-ACK deferral and one-shot HARQ-ACK re-transmission, it is necessary to discuss how the one-shot HARQ-ACK re-transmission would treat the deferred SPS HARQ-ACK PUCCH in initial slot and target slot. 
In case where UE is configured to use SPS HARQ-ACK deferral and one-shot HARQ-ACK 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 behaviors for the 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 is deferred to another slot. 
· 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 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 behaviors for the case.
· Option 1: UE regards that deferred SPS HARQ-ACK exists in the slot. One-shot HARQ-ACK 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 in this case.
Considering potential DCI missing by UE, Option 1 could cause ambiguity between UE and gNB. For this reason, it is proposed to adopt Option 2 for both cases. 
Proposal #7: For joint operation between SPS HARQ-ACK deferral and one-shot HARQ-ACK re-transmission, 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.

One remaining big issue is the PHY priority handling for SPS HARQ deferral if the UE 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 #8: 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 #9: 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 #10: 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 #11: 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. 

Re-transmission of HARQ-ACK
In the last meeting, following agreements were made for the re-transmission of HARQ-ACK:
	Agreement
Reuse the legacy 1-bit ‘one-shot HARQ-ACK request’ for triggering indication of the enhanced Type 3 HARQ-ACK CB of smaller size. 
· At least if only a single enhanced Type 3 HARQ-ACK CB is configured, the triggering DCI with the triggering bit set to ‘1’ is also able to schedule PDSCH. 

Agreement
For one-shot HARQ re-transmission on PUCCH, the triggering DCI dynamically indicates a ‘HARQ re-tx offset’ which is used to define the offset in number of PUCCH slots/sub-slots between the triggering DCI and the PUCCH slot/sub-slot of the HARQ-ACK codebook to be re-transmitted. For the triggering DCI received in slot/sub-slot m, indicating the HARQ-ACK re-tx in slot/sub-slot m+k and indicating HARQ_retx_offset, the PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as either: 
· Alt. 1: n = m - HARQ_retx_offset
· Alt. 2: n = m + k - HARQ_retx_offset
· FFS: value range of the HARQ-retx_offset



Main issue on the re-transmission of HARQ-ACK would be the triggering method for both type-3 HARQ-ACK codebook and one-shot HARQ-ACK feedback. In order to support both features simultaneously with less DCI overhead, it can be considered to introduce unified triggering method for both features. 
Proposal #12: Type-3 HARQ-ACK codebook and one-shot HARQ-ACK re-transmission can be enabled simultaneously.

To be specific, once HARQ-ACK re-transmission is triggered by 1 bit field, it is possible to re-use existing field to indicate two information. Firstly, 1 bit scheme indicator can be considered when type-3 HARQ-ACK codebook and one-shot HARQ-ACK re-transmission are enabled simultaneously. The 1 bit scheme indicator can indicate that either type-3 HARQ-ACK codebook or one-shot HARQ-ACK re-transmission is triggered. For the triggered HARQ-ACK retransmission scheme, N bit additional information may be necessary. For the type-3 HARQ-ACK codebook, the additional information would be to indicate a sort of candidate Type-3 codebooks, for example, Rel-16 legacy type-3 codebook or enhanced type-3 codebook #1 or enhanced type-3 codebook #2. For the one-shot HARQ-ACK re-transmission, the additional information would be to indicate the slot offset to determine the PUCCH occasion to be retransmitted. 
Proposal #13: Unified triggering method for both type-3 HARQ-ACK codebook and one-shot HARQ-ACK re-transmission is be supported.
· On the top of 1bit triggering field, following additional information is given by the re-used existing field(s).
· 1 bit scheme indicator
· To indicate that either type-3 HARQ-ACK codebook or one-shot HARQ-ACK re-transmission is triggered
· N bit additional information
· For type-3 HARQ-ACK codebook, the additional information would be to indicate a sort of candidate Type-3 codebooks
· For one-shot HARQ-ACK re-transmission, the additional information would be to indicate the slot offset to determine the PUCCH occasion to be retransmitted

Alternatively, we can use the FDRA field in DCI as the scheme indicator. For example, if the FDRA field indicate no DL-SCH is scheduled, the existing 1 bit triggering field can indicate either type-3 HARQ-ACK codebook or one-shot HARQ-ACK re-transmission is triggered. Then, only N bit information is additionally required for supporting both type-3 HARQ-ACK codebook and one-shot HARQ-ACK re-transmission. If the FDRA field indicate DL-SCH is scheduled, one of the configured candidate schemes could be triggered as default, for example, legacy type-3 codebook in Rel-16. 
Proposal #14: It can be considered to use the existing 1 bit triggering field as the scheme indicator only when no DL-SCH is scheduled. 

For one-shot HARQ-ACK re-transmission, it is necessary to define how to indicate the HARQ-ACK codebook(s)/PUCCH occasions to be re-transmitted via the triggering DCI. Since there is only one HARQ-ACK PUCCH in a (sub-)slot, it would be reasonable to indicate a slot where HARQ-ACK PUCCH to be re-transmitted is. 
In the last meeting, following two alternatives were discussed in terms of indicating slot offset identifying HARQ-ACK codebook(s)/PUCCH occasions to be re-transmitted. For the triggering DCI received in slot/sub-slot m, which indicates the HARQ-ACK re-transmission in slot/sub-slot m+k and indicates HARQ_retx_offset, the PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as either: 
· Alt. 1: n = m - HARQ_retx_offset
· Alt. 2: n = m + k - HARQ_retx_offset

In our view, Alt. 2 would be better to use UL (PUCCH) resource as the reference since the slot offset can be applied directly without considering different SCS between UL and DL. In addition, the range of slot offset is maintained regardless of DL BWP of PDCCH. Moreover, all the DCIs triggering the one-shot HARQ-ACK re-transmission in a same slot could indicate a same slot offset value.
Proposal #15: For the indication of the slot offset to trigger the one-shot HARQ-ACK re-transmission, Alt. 2 is adopted. 
· For the triggering DCI received in slot/sub-slot m, indicating the one-shot HARQ-ACK re-transmission in slot/sub-slot m+k and indicating HARQ_retx_offset, the PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as “n = m + k - HARQ_retx_offset”
· The unit of the slot offset is according to slot length (SCS) configuration for the PUCCH.

PUCCH carrier switching
In the last meeting, following agreements were made for PUCCH carrier switching:
	Agreement
For semi-static PUCCH cell switching, PCell / PSCell / PUCCH-SCell is reference cell:
· The time domain pattern configurations are based on the numerology of the reference cell. 
· The PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology and PUCCH configuration of a reference cell to be able to apply the time-domain PUCCH cell switching pattern. 
· Note: There may not be a need to define a ‘reference cell’ in the specification. This terminology is used for further clarifications of the procedure. 

Agreement
For semi-static PUCCH cell switching, the time-domain pattern configuration is based on the following properties:
· A single time-domain pattern is configured per PUCCH cell group
· The granularity of the time-domain pattern is one slot of the PCell / PSCell / PUCCH-SCell reference cell 
· The time-domain pattern is applied periodically 
· FFS on period / pattern length (e.g., 10ms, RRC configured, …).
· The pattern defines for each slot of the PCell / PSCell / PUCCH-SCell reference cell at least the applicable target PUCCH cell



In the last meeting, it is concluded for semi-static PUCCH cell switching that PCell / PSCell / PUCCH-SCell is reference cell. There could be the case where the slot in the reference cell (corresponding to K1) overlaps with multiple slots in the switched carrier due to different SCS between the two cells. In order to determine the slot used for PUCCH transmission in the switched carrier, the first (or last) slot in the switched carrier overlapped with the slot in the reference cell can be used for PUCCH transmission, which is Alt. 1 in the previous agreement. 
Proposal #16: For PUCCH carrier switching based on semi-static pattern, in case where the PCell slot is longer than the slot or sub-slot in the target PUCCH cell (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot), the first target PUCCH cell slot overlapping with the PCell slot is determined as the slot for PUCCH transmission.

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 #17: 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 #18: 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 #19: It is necessary to discuss how UE determines PUCCH resource for SR/CSI transmission on the target (switched) cell.

In the previous meeting, it has been agreed to support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH. However, some DCI format or SPS HARQ-ACK is only scheduled without PUCCH carrier indication. In the last meeting, it has been discussed how to handle the PUCCH scheduled without PUCCH carrier indication. 
First of all, it has to be clarified how to handle the PUCCH scheduled without PUCCH carrier indication overlapped with the PUCCH based on PUCCH carrier indication. 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 #20: For PUCCH carrier switching based on dynamic indication, following can be considered:
· UE is not expected to receive PDCCH without PUCCH carrier indication which schedules HARQ-ACK PUCCH in a slot where another HARQ-ACK PUCCH is scheduled with PUCCH carrier indication. 
· UE drop SR/P-CSI transmission on a PUCCH resource if the PUCCH resource is overlapped with other PUCCH scheduled with PUCCH carrier indication.

For PUCCH carrier switching, the method of PUCCH repetition has been discussed as well. According to the discussion in the last meeting, 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 #21: For PUCCH repetition in a cell, 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. 

Conclusions
In this contribution, potential UE feedback enhancements on HARQ-ACK for URLLC were discussed, and the followings are proposed.
Proposal #1: HARQ-ACK codebook for deferred SPS HARQ-ACK is appended to enhanced type-3 codebook or one-shot HARQ-ACK re-transmission, if any. 
Proposal #2: If PUCCH resource in a slot has repetition factor larger than 1, the PUCCH repetition for SPS HARQ-ACKs follows the Rel-16 rule without considering/applying the rules/limitations of SPS HARQ-ACK deferral. 
[bookmark: _GoBack]Proposal #3: For target PUCCH with K repetitions in the target slot, the maximum deferral value can be increased by K.
Proposal #4: To handle joint operation between PUCCH repetition and SPS HARQ-ACK deferral, following options can be considered. 
· Option 1: 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 2: 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 #5: SPS HARQ-ACK deferral for a SPS configuration is enabled by configuring the maximum deferral value in the SPS configuration. 
Proposal #6: For joint operation between SPS HARQ-ACK deferral and PUCCH carrier switching, UE should apply PUCCH carrier switching first prior to SPS HARQ-ACK deferral procedure. 
· FFS: the case where UL slot in the switched carrier is invalid for SPS HARQ-ACK PUCCH. 
Proposal #7: For joint operation between SPS HARQ-ACK deferral and one-shot HARQ-ACK re-transmission, 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.
Proposal #8: 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 #9: 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 #10: Rel-17 inter-UE multiplexing can be considered to determine valid target slot for SPS HARQ-ACK deferral. 
Proposal #11: 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. 
Proposal #12: Type-3 HARQ-ACK codebook and one-shot HARQ-ACK re-transmission can be enabled simultaneously.
Proposal #13: Unified triggering method for both type-3 HARQ-ACK codebook and one-shot HARQ-ACK re-transmission is be supported.
· On the top of 1bit triggering field, following additional information is given by the re-used existing field(s).
· 1 bit scheme indicator
· To indicate that either type-3 HARQ-ACK codebook or one-shot HARQ-ACK re-transmission is triggered
· N bit additional information
· For type-3 HARQ-ACK codebook, the additional information would be to indicate a sort of candidate Type-3 codebooks
· For one-shot HARQ-ACK re-transmission, the additional information would be to indicate the slot offset to determine the PUCCH occasion to be retransmitted
Proposal #14: It can be considered to use the existing 1 bit triggering field as the scheme indicator only when no DL-SCH is scheduled. 
Proposal #15: For the indication of the slot offset to trigger the one-shot HARQ-ACK re-transmission, Alt. 2 is adopted. 
Proposal #16: For PUCCH carrier switching based on semi-static pattern, in case where the PCell slot is longer than the slot or sub-slot in the target PUCCH cell (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot), the first target PUCCH cell slot overlapping with the PCell slot is determined as the slot for PUCCH transmission.

Proposal #17: 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 #18: 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 #19: It is necessary to discuss how UE determines PUCCH resource for SR/CSI transmission on the target (switched) cell.
Proposal #20: For PUCCH carrier switching based on dynamic indication, following can be considered:
· UE is not expected to receive PDCCH without PUCCH carrier indication which schedules HARQ-ACK PUCCH in a slot where another HARQ-ACK PUCCH is scheduled with PUCCH carrier indication. 
· UE drop SR/P-CSI transmission on a PUCCH resource if the PUCCH resource is overlapped with other PUCCH scheduled with PUCCH carrier indication.
Proposal #21: For PUCCH repetition in a cell, 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. 
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