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[bookmark: _Ref521334010]Introduction
HARQ-ACK enhancements were discussed in several meetings and a short list of issues was left for further discussion [1]:
	The following issues were discussed but could not be resolved during RAN1#107bis-e:
· Semi-static PUCCH cell switching and PUCCH repetition
· SPS operation with dynamic PUCCH cell switching
 
Interaction of Rel-17 Intra-UE multiplexing and simultaneous PUCCH / PUSCH (from AI 8.3.3) with HARQ feedback enhancements (AI 8.3.1) has not been discussed during RAN1#107bis-e. Hopefully the progress in AI 8.3.1 & AI 8.3.3 has been sufficient, to enable a decision on the support (or not supporting) certain combinations in RAN1#108bis-e. 



Furthermore, there was no agreement for the following issues and should be further discussed:
· The operation order of semi-static PUCCH cell switching and UCI multiplexing
· The effective time of PUCCH cell switching pattern when the state of PUCCH sSCell changes between active/inactive/dormancy
In this contribution, we give our further considerations on the remaining issues of HARQ-ACK feedback enhancements for URLLC.
Discussion
PUCCH cell switching
Time point to apply the PUCCH cell switching pattern
For semi-static PUCCH cell switching, the following was agreed. 
	Agreement
For semi-static PUCCH cell switching, if the alternative PUCCH cell (i.e. PUCCH sCell) is deactivated or the alternative PUCCH Cell is dormant, the UE does not apply time-domain pattern and the UCI is to be transmitted on PCell / SPCell / PUCCH SCell.



In TS38.213, the following were defined for SCell activation/deactivation, it can be seen that a latest time point was defined for SCell activation/deactivation. According to the definition, UE may apply the corresponding actions in TS 38.321 before the latest time point. However, a clear definition for the time point of when the PUCCH cell switching pattern applied is needed; otherwise gNB and UE may have different understandings on PUCCH transmission cell.
Similarly, a clear time point of when UE applies the PUCCH cell switching pattern if the SCell state changes between activation/dormancy should be defined. All these timings should be clearly defined in specification to make sure that gNB and UE have same understanding on PUCCH transmission cell.
	[bookmark: _Toc12021441][bookmark: _Toc20311553][bookmark: _Toc26719378][bookmark: _Toc29894809][bookmark: _Toc29899108][bookmark: _Toc29899526][bookmark: _Toc29917263][bookmark: _Toc36498137][bookmark: _Toc45699163][bookmark: _Toc92093804]4.3	Timing for secondary cell activation / deactivation
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]With reference to slots for PUCCH transmissions, when a UE receives in a PDSCH an activation command [11, TS 38.321] for a secondary cell ending in slot n, the UE applies the corresponding actions in [11, TS 38.321] no later than the minimum requirement defined in [10, TS 38.133] and no earlier than slot [image: ], except for the following:
-	the actions related to CSI reporting on a serving cell that is active in slot [image: ]
-	the actions related to the sCellDeactivationTimer associated with the secondary cell [11, TS 38.321] that the UE applies in slot [image: ]
-	the actions related to CSI reporting on a serving cell which is not active in slot [image: ]that the UE applies in the earliest slot after [image: ] in which the serving cell is active.
[bookmark: _GoBack]The value of [image: ] is  where slot n+m is a slot indicated for PUCCH transmission with HARQ-ACK information for the PDSCH reception as described in clause 9.2.3 and [image: ] is a number of slots per subframe for the SCS configuration [image: ] of the PUCCH transmission as defined in [4, TS 38.211].
With reference to slots for PUCCH transmissions, if a UE receives a deactivation command [11, TS 38.321] for a secondary cell ending in slot [image: ], the UE applies the corresponding actions in [11, TS 38.321] no later than the minimum requirement defined in [10, TS 38.133], except for the actions related to CSI reporting on an activated serving cell which the UE applies in slot [image: ]. 
If the sCellDeactivationTimer associated with the secondary cell expires in slot [image: ], the UE applies the corresponding actions in [11, TS 38.321] no later than the minimum requirement defined in [10, TS 38.133], except for the actions related to CSI reporting on an activated serving cell which the UE applies in the first slot that is after slot [image: ] where [image: ] is the SCS configuration for PDSCH reception on the secondary cell.



The time points of when UE applies the PUCCH cell switching pattern for different cases are discussed as below:
1. SCell turns from inactive to active
According to 38.213, with reference to slots for PUCCH transmissions, when a UE receives in a PDSCH an activation command for a secondary cell ending in slot n, the UE applies the corresponding actions in TS 38.321 no later than the minimum requirement defined in TS 38.133 and no earlier than slot [image: ], except for the actions related to CSI reporting and sCellDeactivationTimer as highlighted in yellow. It is not clear from when UE should apply PUCCH cell switching time-domain pattern.

   
[bookmark: _Ref95469715]Figure 1: SCell activation/deactivation timeline
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]As shown in Figure 1, after UE receives a MAC CE for SCell activation, SCell may be activated between slot n+k and the lastest time according to the requirement in 38.133. For PUCCH cell switching, UE cannot transmit PUCCH on sSCell until SCell is active so that UE cannot apply the PUCCH cell switching time-domain pattern from slot n+m or slot [image: ]. Between slot [image: ] and the latest time defined according to minimum requirement defined in TS 38.133, a clear time point needs to be defined to apply PUCCH cell switching time-domain pattern since otherwise gNB and UE may have different understandings on PUCCH transmission cell. It is proposed that UE applies the PUCCH cell switching time-domain pattern from the first slot when SCell is active, which is determined based on the minimum requirement defined in TS 38.133.
2. SCell turns from active to inactive
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]With reference to slots for PUCCH transmissions, if a UE receives a deactivation command for the SCell, the UE applies the corresponding actions in TS 38.321 no later than the minimum requirement defined in TS 38.133, except for the actions related to CSI reporting on an activated serving cell which the UE applies in slot [image: ], as highlighted in cyan. 
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Since UE is not able to transmit on SCell after slot  in which UE feedback HARQ-ACK for the deactivation MAC CE, UE should stop applying PUCCH cell switching time-domain pattern after slot . However, gNB needs processing time to decode the HARQ-ACK. Hence, it is proposed that UE stops applying PUCCH cell switching time-domain pattern from slot , which is similar as the actions related to CSI reporting on an activated serving cell . 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]If the sCellDeactivationTimer associated with the SCell expires in slot n, the UE applies the corresponding actions in TS 38.321 no later than the minimum requirement defined in TS 38.133, except for the actions related to CSI reporting on an activated serving cell, as highlighted in pink. Similarly, since UE cannot transmit on SCell after sCellDeactivationTimer expires, it is proposed that the UE should stop applying the PUCCH cell switching time-domain pattern from the first slot that is after slot  where  is the SCS configuration for PDSCH reception on the secondary cell, as for actions related to CSI reporting on an activated serving cell.
3. SCell turns from active to dormancy
For SCell dormancy, the following is defined in 38.213:
	UE detects a DCI format with SCell dormancy indication that indicates an active DL BWP change for an Scell in slot n of primary cell, the UE is not required to receive or transmit in the SCell during a time duration specified in [10, TS 38.133].


It can be seen that UE is not able to transmit on SCell after the DCI indicating SCell dormancy, but processing time is needed for UE to decode the DCI and change PUCCH transmission to PCell/PSCell/PUCCH SCell. It can be defined that the PUCCH cell switching time-domain pattern is invalid from the first slot after slot , where slot n is the slot indicated for PUCCH transmission with HARQ-ACK information corresponding to the DCI and  is a number of slots per subframe for the SCS configuration  of the PUCCH transmission, similar as the case of SCell deactivation due to time expiration
In addition, in order to ensure that the HARQ-ACK corresponding to DCI indicating SCell dormancy can be received by gNB, UE is not expected to be indicated to transmit the corresponding HARQ-ACK on SCell. As illustrated in Figure 2, gNB sends a DCI indicating SCell dormancy in slot#0 on PCell, then gNB should not indicating corresponding HARQ-ACK in slot#2 since UE cannot transmit on SCell in slot#2,


[bookmark: _Ref95474118]Figure 2: PUCCH cell for transmitting HARQ-ACK corresponding to dormancy indication 
4. SCell turns from dormancy to active
When UE detects a DCI format indicating SCell from dormancy to active, UE is able to transmit on SCell after a time duration specified in [10, TS 38.133]. Hence, UE could apply the PUCCH cell switching time-domain pattern from the first slot after the time duration specified in [10, TS 38.133]. No additional specification impact is needed for this case.
Proposal 1: For semi-static PUCCH carrier switching, UE applies PUCCH cell switching pattern based on the following time point:
· If UE receives in a PDSCH an activation command for the SCell ending in slot n, UE applies the PUCCH cell switching time-domain pattern from the first slot after SCell is active, where the active timing is determined based on the minimum requirement defined in [10, TS 38.133].
· If UE receives in a PDSCH a deactivation command for the SCell ending in slot n, the UE would not apply the PUCCH cell switching time-domain pattern from slot n, where slot  is defined in section 4.3 of TS38.213.
· If the sCellDeactivationTimer associated with the SCell expires in slot n, the UE would not apply the PUCCH cell switching time-domain pattern from the first slot that is after slot [image: ] where [image: ] is the SCS configuration for PDSCH reception on the secondary cell.
· If UE detects a DCI indicating SCell dormancy, the UE would not apply the PUCCH cell switching time-domain pattern from the first slot after slot , where slot  is the slot indicated for PUCCH transmission with HARQ-ACK information corresponding to the DCI and is the SCS configuration for the PUCCH.

Operation order of UCI multiplexing/prioritization and PUCCH cell switching
There should be a clear definition of whether UCI multiplexing/prioritization should be performed before or after PUCCH cell switching, otherwise gNB and UE may have different understandings on the resultant PUCCH. 
For dynamic PUCCH cell switching, the target PUCCH cell is indicated by DCI and only dynamic HARQ-ACK can be transmitted on PUCCH sSCell, hence there is no UCI multiplexing/prioritization issue. 
For semi-static PUCCH cell switching, if UCI multiplexing/prioritization is performed before PUCCH cell switching, UE should first interpret the PRI based on the PUCCH configuration of PCell/PSCell/PUCCH SCell, then perform UCI multiplexing/prioritization if there is PUCCH/PUSCH overlapping with the PUCCH on PCell/PSCell/PUCCH SCell. At last, UE determines the target PUCCH cell based on the semi-static PUCCH cell switching pattern and interpret the PRI based on the PUCCH configuration of target PUCCH cell. However, it was agreed that the PUCCH resource indicator (PRI) is interpreted based on the PUCCH configuration of determined target PUCCH cell, there is no need for UE to consider the PUCCH configuration of PCell/PSCell/PUCCH SCell, which would complicate the UE and gNB implementation. Hence, it is preferred to perform semi-static PUCCH cell switching before UCI multiplexing/ prioritization.
Proposal 2: Semi-static PUCCH cell switching should be performed before UCI multiplexing/prioritization.

Simultaneous configuration of semi-static PUCCH cell switching and PUCCH repetition
If semi-static PUCCH cell switching and PUCCH repetition is configured simultaneously, it should be considered whether PUCCH cell switching within a PUCCH repetition bundle is allowed. The following proposal was discussed in last meeting:
	Mod Proposal 11: 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 
· A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and is not counted towards the total number of PUCCH repetitions / the repetition is post-poned as in Rel-16. Example figure for 4 repetitions:
[image: ]



For PUCCH cell switching, the PUCCH configuration may be different on different PUCCH cells. A PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition may have different PUCCH resources with different PUCCH formats and coding rates, and then it is impossible to combine the repetitions within a bundle when polar coding is used. Furthermore, the slot length may be different on different PUCCH cells, which would complicate the design. Hence, we prefer not to support a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition. In addition, following the Rel-16 operation, a PUCCH slot mapped to different PUCCH cell can be considered as invalid for PUCCH repetition and the PUCCH repetition is deferred to keep the PUCCH performance.
Proposal 3: For simultaneous configuration of PUCCH cell switching and PUCCH repetition, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported, and a PUCCH slot mapped to a different PUCCH cell is considered as invalid for PUCCH repetition and the PUCCH repetition is deferred.
Joint operation of dynamic PUCCH cell switching and SPS HARQ-ACK
For dynamic PUCCH cell switching, it was agreed that the dynamic target carrier for HARQ-ACK corresponding to the first SPS PDSCH activated by activation DCI is determined based on the indication in the activation DCI. However, it is not clear on which cell the HARQ-ACK of SPS PDSCH without associated DCI is to be transmitted. The following proposals were discussed in last meeting:
	[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Mod Proposal 5: For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI. Only the HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI uses the PUCCH cell based on the indication in the activation DCI (based on the earlier agreement). 
· The UE does not expected to be dynamically indicated for PUCCH transmission on the PUCCH sSCell in the SPS activation DCI. 
Alternative Proposal 5 (from HW): For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI. Only the HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI uses the PUCCH cell based on the indication in the activation DCI (based on the earlier agreement). 
· The UE does not expected to be dynamically indicated for PUCCH transmission on the PUCCH sSCell in the SPS activation DCI in a slot overlapping with a PCell / SPCell / PUCCH-SCell slot where SPS HARQ-ACK subject to another SPS config would be transmitted. 



For the mod proposal 5, both the HARQ-ACK for the first activated SPS PDSCH and for the SPS PDSCH without associated DCI would be transmitted on PCell / SPCell / PUCCH-SCell.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]For the alternative proposal 5, HARQ-ACK for the first activated SPS PDSCH uses the PUCCH cell based on the indication in the activation DCI, and HARQ-ACK for the SPS PDSCH without associated DCI would be transmitted on PCell / SPCell / PUCCH-SCell. Given that separate K1 sets are configured for Pcell and sSCell, it needs to be clarified how to determine k1 for SPS PDSCHs without corresponding DCI. It should be determined based on the PUCCH configuration on PCell / SPCell / PUCCH-SCell, which means that the K1 value for the first SPS PDSCH and the subsequent SPS PDSCHs can be different.
In addition, following the conclusion in RAN1#107-e, the sub-bullet of the alternative proposal 5 above can be updated to maintain a unified solution considering the HARQ-ACK of SPS PDSCH with associated DCI can be considered as dynamically indicated PUCCH.
	Conclusion (@RAN1#107-e)
For dynamic PUCCH cell switching, 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.
· The UCI on PCell /SPCell / PUCCH SCell dropped due to collision with semi-static DL symbols, SSB, and symbols indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set is exempted and is not multiplexed on the PUCCH on the alternative PUCCH cell.



The updated proposal can be 
	Alternative Proposal 5 (from HW): For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI. Only the HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI uses the PUCCH cell based on the indication in the activation DCI (based on the earlier agreement). 
· The UE does not expected to be dynamically indicated for PUCCH transmission on the PUCCH sSCell in the SPS activation DCI in a slot overlapping with a PUCCH slot with UCI on PCell / SPCell / PUCCH-SCell slot where SPS HARQ-ACK subject to another SPS config would be transmitted.
· The UCI on PCell /SPCell / PUCCH SCell dropped due to collision with semi-static DL symbols, SSB, and symbols indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set is exempted and is not multiplexed on the PUCCH on the PUCCH sScell.



Either mod proposal 5 or the updated alternative proposal 5 can be accepted. Hence we have the following proposal:
Proposal 4: For joint operation of dynamic PUCCH cell switching and SPS HARQ-ACK, either one of the following proposals can be agreed.
	Mod Proposal 5: For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI. Only the HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI uses the PUCCH cell based on the indication in the activation DCI (based on the earlier agreement). 
· The UE does not expected to be dynamically indicated for PUCCH transmission on the PUCCH sSCell in the SPS activation DCI. 
Alternative Proposal 5 (from HW): For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI. Only the HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI uses the PUCCH cell based on the indication in the activation DCI (based on the earlier agreement). 
· The UE does not expected to be dynamically indicated for PUCCH transmission on the PUCCH sSCell in the SPS activation DCI in a slot overlapping with a PUCCH slot with UCI on PCell / SPCell / PUCCH-SCell slot where SPS HARQ-ACK subject to another SPS config would be transmitted.
· The UCI on PCell /SPCell / PUCCH SCell dropped due to collision with semi-static DL symbols, SSB, and symbols indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set is exempted and is not multiplexed on the PUCCH on the PUCCH sScell.


Simultaneous configuration of Rel-17 intra-UE multiplexing and SPS HARQ-ACK deferral
For SPS HARQ-ACK deferral, the general rule is that Rel-15/16 UCI multiplexing is performed before target slot determination. The same rule can be reused in Rel-17, that is Rel-17 intra-UE multiplexing is performed before target slot determination. 
For simultaneous configuration of Rel-17 intra-UE multiplexing and SPS HARQ-ACK deferral, UE performs the Rel-17 UCI multiplexing operation first. If after the UCI multiplexing operation into a PUCCH or PUSCH if any, and if the UE would be transmitting SPS HARQ-ACK using the PUCCH provided by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN of any priority which is not valid, the SPS HARQ-ACK configured for deferral is deferred. 
Then SPS HARQ-ACK of different priorities can be deferred separately, the existing SPS HARQ-ACK deferral mechanism can be reused, except for supporting Rel-17 multiplexing operation. The target PUCCH slot is defined as the next PUCCH slot, where after performing the Rel-17 UCI multiplexing operation into a PUCCH or PUSCH if any, the UE would be either (i) transmitting HARQ-ACK using a PUCCH/PUSCH other than the PUCCH determined from PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN or (ii)  would be transmitting HARQ-ACK using a PUCCH resource configured in PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN being regarded as valid.
Proposal 5: For simultaneous configuration of Rel-17 intra-UE multiplexing and SPS HARQ-ACK deferral, a target PUCCH slot for SPS HARQ-ACK deferral is determined after performing the Rel-17 intra-UE multiplexing operation. In addition, SPS HARQ-ACK of different PHY priorities are separately deferred with target PUCCH slots separately determined according to their respective PHY priorities.
Simultaneous configuration of Rel-17 intra-UE multiplexing and enhanced Type-3 codebook
According to the following agreement, enhanced Type 3 HARQ-ACK codebook would contain HARQ processes for all HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB of any priority, hence the simultaneous configuration of Rel-17 intra-UE multiplexing and enhanced Type-3 codebook can be supported without any impact.
	Agreement （RAN1#106-e）
For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a PUCCH slot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook. 


Observation 1: It is straightforward to support simultaneous configuration of Rel-17 intra-UE multiplexing and enhanced Type 3 CB without any impact.
Simultaneous configuration of Rel-17 intra-UE multiplexing and one-shot HARQ-ACK retransmission
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]For one-shot HARQ-ACK retransmission, the following was agreed. The triggering DCI determines the HARQ-ACK priority to be re-transmitted.
	Agreement 
Support PHY priority handling for the Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the re-transmitted HARQ-ACK information.
· The indicated PHY priority in the triggering DCI is used to determine the HARQ-ACK information to be re-transmitted corresponding to the indicated PHY priority.



For simultaneous configuration of Rel-17 intra-UE multiplexing and one-shot HARQ-ACK retransmission, if LP HARQ-ACK and HP HARQ-ACK are multiplexed in one slot, it is not clear whether a PUCCH carrying both HP HARQ-ACK and LP HARQ-ACK can be triggered for one-shot HARQ-ACK re-transmission. The following two options can be considered:
· Option 1: A PUCCH carrying both HP HARQ-ACK and LP HARQ-ACK can be triggered for one-shot HARQ-ACK re-transmission
· Option 2: For a PUCCH carrying HARQ-ACK with different priorities, only HARQ-ACK with same priority as the triggering DCI indication can be triggered for one-shot HARQ-ACK re-transmission
For option 1, only one DCI is needed to trigger HARQ-ACK retransmission of different priorities. However, considering that initial HARQ-ACK in the indicated slot would be multiplex with the retransmitted HARQ-ACK with same priority, then both initial HP HARQ-ACK and initial LP HARQ-ACK in the indicated slot would multiplex with the retransmitted HARQ-ACK codebook, it would cause a HARQ-ACK codebook with large payload, which may decrease the HP HARQ-ACK performance.
Option 2 is aligned with the previous agreement, only HARQ-ACK with one priority can be retransmitted, then the UE behavior should depend on the priority indicated in the triggering DCI, in the indicated slot for retransmission, Rel-17 intra-UE multiplexing can be applied if the PUCCH resources with different priorities overlap.
Compare the two options, option 2 is preferred since UE behavior is clear and aligned no matter whether Rel-17 intra-UE multiplexing is applied in initial slot or not. In addition, in cases LP HARQ-ACKs are not correctly transmitted due to limited PUCCH resource, only LP HARQ-ACK can be triggered for retransmitted, which improves the spectrum efficiency.
Proposal 6: For simultaneous configuration of Rel-17 intra-UE multiplexing and one-shot HARQ-ACK retransmission, for a PUCCH carrying HARQ-ACK with different priorities, only HARQ-ACK with same priority as the triggering DCI indication can be triggered for one-shot HARQ-ACK re-transmission.

Simultaneous configuration of Rel-17 intra-UE multiplexing and PUCCH cell switching
It is straightforward to support simultaneous configuration of Rel-17 intra-UE multiplexing and semi-static PUCCH cell switching without any impact.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]For simultaneous configuration of dynamic PUCCH cell switching and Rel-17 intra-UE multiplexing, it should be considered when DCI indicating HARQ-ACK of one priority to be transmitted on PUCCH sSCell, and there was an invalid PUCCH with SPS HARQ-ACK of another priority on PCell, whether multiplexing between the two HARQ-ACK with different priorities should be supported? As shown in Figure 3, LP SPS HARQ-ACK on PCell overlaps with HP HARQ-ACK on PUCCH sSCell. According to the Rel-17 intra-UE multiplexing, LP HARQ-ACK should multiplex with overlapping HP HARQ-ACK, on the contrast, LP SPS HARQ-ACK on PCell should be dropped according to dynamic PUCCH cell switching.


[bookmark: _Ref95139685][bookmark: _Ref95139681]Figure 3: Overlapping between the PUCCH on PUCCH sSCell and PUCCH on PCell
Considering that intra-UE multiplexing should be performed after PUCCH cell switching, and it was agreed that UCI on PCell /SPCell / PUCCH SCell dropped due to collision with semi-static DL symbols, SSB, and symbols indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set is exempted and is not multiplexed on the PUCCH on the alternative PUCCH cell. It is preferred to drop LP SPS HARQ-ACK and transmit HP HARQ-ACK on PUCCH sSCell only.
Observation 2: It is straightforward to support simultaneous configuration of Rel-17 intra-UE multiplexing and semi-static PUCCH cell switching without any impact.
Proposal 7: For simultaneous configuration of Rel-17 intra-UE multiplexing and dynamic PUCCH cell switching, LP HARQ-ACK would not be multiplexed with HP UCI if they are on different PUCCH cells.
Conclusion
In this contribution, we discuss remaining issues for HARQ-ACK feedback enhancements and give the following observations and proposals.
Observation 1: It is straightforward to support simultaneous configuration of Rel-17 intra-UE multiplexing and enhanced Type 3 CB without any impact.
Observation 2: It is straightforward to support simultaneous configuration of Rel-17 intra-UE multiplexing and semi-static PUCCH cell switching without any impact.
Proposal 1: For semi-static PUCCH carrier switching, UE applies PUCCH cell switching pattern based on the following time point:
· If UE receives in a PDSCH an activation command for the SCell ending in slot n, UE applies the PUCCH cell switching time-domain pattern from the first slot after SCell is active, where the active timing is determined based on the minimum requirement defined in [10, TS 38.133].
· If UE receives in a PDSCH a deactivation command for the SCell ending in slot n, the UE would not apply the PUCCH cell switching time-domain pattern from slot n, where slot  is defined in section 4.3 of TS38.213.
· If the sCellDeactivationTimer associated with the SCell expires in slot n, the UE would not apply the PUCCH cell switching time-domain pattern from the first slot that is after slot [image: ] where [image: ] is the SCS configuration for PDSCH reception on the secondary cell.
· If UE detects a DCI indicating SCell dormancy, the UE would not apply the PUCCH cell switching time-domain pattern from the first slot after slot , where slot  is the slot indicated for PUCCH transmission with HARQ-ACK information corresponding to the DCI and is the SCS configuration for the PUCCH.
Proposal 2: Semi-static PUCCH cell switching should be performed before UCI multiplexing/prioritization.
Proposal 3: For simultaneous configuration of PUCCH cell switching and PUCCH repetition, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported, and a PUCCH slot mapped to a different PUCCH cell is considered as invalid for PUCCH repetition and the PUCCH repetition is deferred.
 Proposal 4: For joint operation of dynamic PUCCH cell switching and SPS HARQ-ACK, either one of the following proposals can be agreed.
	Mod Proposal 5: For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI. Only the HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI uses the PUCCH cell based on the indication in the activation DCI (based on the earlier agreement). 
· The UE does not expected to be dynamically indicated for PUCCH transmission on the PUCCH sSCell in the SPS activation DCI. 
Alternative Proposal 5 (from HW): For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI. Only the HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI uses the PUCCH cell based on the indication in the activation DCI (based on the earlier agreement). 
· The UE does not expected to be dynamically indicated for PUCCH transmission on the PUCCH sSCell in the SPS activation DCI in a slot overlapping with a PUCCH slot with UCI on PCell / SPCell / PUCCH-SCell slot where SPS HARQ-ACK subject to another SPS config would be transmitted.
· The UCI on PCell /SPCell / PUCCH SCell dropped due to collision with semi-static DL symbols, SSB, and symbols indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set is exempted and is not multiplexed on the PUCCH on the PUCCH sScell.


Proposal 5: For simultaneous configuration of Rel-17 intra-UE multiplexing and SPS HARQ-ACK deferral, a target PUCCH slot for SPS HARQ-ACK deferral is determined after performing the Rel-17 intra-UE multiplexing operation. In addition, SPS HARQ-ACK of different PHY priorities are separately deferred with target PUCCH slots separately determined according to their respective PHY priorities.
Proposal 6: For simultaneous configuration of Rel-17 intra-UE multiplexing and one-shot HARQ-ACK retransmission, for a PUCCH carrying HARQ-ACK with different priorities, only HARQ-ACK with same priority as the triggering DCI indication can be triggered for one-shot HARQ-ACK re-transmission.
Proposal 7: For simultaneous configuration of Rel-17 intra-UE multiplexing and dynamic PUCCH cell switching, LP HARQ-ACK would not be multiplexed with HP UCI if they are on different PUCCH cells.
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