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Introduction
[bookmark: _Hlk58595024]In RAN#97-e, WI has been further revised for multi-carrier enhancements in NR Rel-18. One of the main objectives of the WI includes enhancements for multi-carrier UL operation with UL Tx switching schemes as follows [1]:
Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Note: The number of TAGs is limited to up to 2.
· Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope. The work is limited to RAN4.
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed
In this contribution, we provide our views on the remaining details to facilitate dynamic UL Tx switching for a 3 or 4 bands combination. In addition, we also discuss the necessity to introduce some relaxation for UE timeline when UL Tx switching is triggered for PUCCH with HARQ-ACK by the PDSCH scheduling DCI.
Discussion
Restriction on concurrent UL transmission
In RAN1#110bis-e, following agreement has been made related to the restriction on concurrent UL transmission [2]:

Agreement
If Rel-18 UL Tx switching for 3 or 4 bands with dual UL is supported, UE is allowed to support only some of band pairs for concurrent UL transmission based on UE capability
· The supported band pair for concurrent transmission requires the support of UL CA on the corresponding band pair(s) by the UE
· Details on the UE capability such as how to report the support of dual UL and the supported band pair(s) for concurrent UL transmission are further discussed 
· Details on the gNB configuration/indication such as how to indicate the band pair(s) UE should expect for concurrent UL transmission are further discussed 
· Note: UE is also allowed to support all band pairs for concurrent transmission, and the design of Rel-18 UL Tx switching for 3 or 4 bands with dual UL does not impose any restriction

Based on the above agreement, further details on how the UE can report such restriction capability and corresponding gNB configuration needs to be discussed and agreed. In our view, this discussion is related on how the UE can report its capability to support dualUL. According to one of the alternatives, if UE can report dualUL support for the band pairs in the 3 or 4 band combination, then there is no need for additional report of concurrent transmission support per band pair. However, according to another alternative, f UE reports dualUL support for the 3 or 4 band combination, then additional capability signaling for corresponding band pairs could be supported. Essentially, the additional capability signaling should rather indicate the band pairs for which UE cannot support concurrent transmission. For the band pairs for which no additional capability report is provided by UE, then by default, concurrent transmission should be assumed to be supported for all the bands pairs in a 3 or 4 band combination for which dualUL support is reported.

Proposal 1: If it is agreed to support the UE capability reporting to indicate dualUL for a 3 or 4 band combination (instead per band pair), then the following should be supported:
· For the band pairs in a 3 or 4 band combination, UE can additionally report that concurrent UL transmission is NOT supported on specific band pairs
· If no additional report on concurrent UL transmission is indicated, then by default, concurrent transmission is assumed to be supported by UE for all the band pairs in a 3 or 4 band combination

On the aspect of gNB configuration/indication for concurrent transmission on band pairs, the baseline assumption should be that gNB should not configure/indicate and schedule UE with concurrent transmission on a band pair for which UE has not indicated the corresponding support. However, for a band pair for which UE has indicated the support for concurrent UL transmission, it can be up to the network whether or not to schedule concurrent transmission on that band pair. Furthermore, it can be further supported for network to relax the UE complexity/implementation by configuring/indicating to UE that for certain band pairs, for which UE reported support of concurrent UL transmission, the network will not schedule concurrent UL transmission on one of more of those band pairs. 

Proposal 2: For the band pairs for which UE has NOT indicated the support of concurrent UL transmission, the default assumption should be that gNB cannot configure/indicate/schedule concurrent UL transmission on those band pairs

Proposal 3: For the band pairs for which UE has indicated the support of concurrent UL transmission, gNB can configure/indicate to UE that it is not required to support concurrent UL transmission on those bands
· This can further help to relax UE complexity/implementation

Restriction on 2-port (2T) transmission
In RAN1#110bis-e, following agreement has been made related to the restriction on 2-port (2T) transmission on a band [2]:

Agreement
If Rel-18 UL Tx switching for 3 or 4 bands is supported, UE is allowed to support only some of band(s) for up to 2 ports UL transmission based on UE capability
· Further down-select from the following alternatives
· Alt.1: no restriction for both switched UL and dual UL and for both 3 bands and 4 bands
· Alt.2: at least one band should support up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands
· Alt.3: at least two bands should support up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands
· Details on the UE capability such as whether existing per-FS UL-MIMO capability can be reused or not are further discussed
· Details on the gNB configuration/indication such as whether/how to additionally indicate 2 ports UL transmission mode for a band/cell are further discussed
· Existing MIMO mechanism for MIMO mode indication should be reused
· Note: UE is also allowed to support all bands for up to 2 ports UL transmission, and the design of Rel-18 UL Tx switching for 3 or 4 bands does not impose any restriction

For the UE reporting on the restriction of 2-port (2T) transmission, two options can be considered:
· Option 1: If UE reports UL Tx switching support {switchedUL, dualUL, both} modes for 3 or 4 band combination, then UE can additionally report for certain band or band pairs that 2T transmission is not supported
· Option 2: Two new UL Tx switching modes can be introduced including {switchedULwithout2T, dualULwithout2T} for reporting the switching modes without the support of 2T transmission
· These modes can either be reported for a 3 or 4 band combination or for specific bands or band pairs 

Proposal 4: For UE’s reporting capability on restriction of 2-port (2T) transmission on bands within a 3 or 4 band combination, one or both of the following options can be supported:
· Option 1: If UE reports UL Tx switching support {switchedUL, dualUL, both} modes for 3 or 4 band combination, then UE can additionally report for certain band or band pairs that 2T transmission is not supported
· Option 2: Two new UL Tx switching modes can be introduced including {switchedULwithout2T, dualULwithout2T} for reporting the switching modes without the support of 2T transmission
· These modes can either be reported for a 3 or 4 band combination or for specific bands or band pairs 

On the aspect of gNB configuration/indication for 2-port (2T) transmission on a band, the baseline assumption should be that gNB should not configure/indicate and schedule UE with 2-port (2T) transmission on bands for which UE has not indicated the corresponding support. However, for a band for which UE has indicated the support for 2-port (2T) transmission, it can be up to the network whether or not to schedule 2-port (2T) transmission on that band. Furthermore, it can be further supported for network to relax the UE complexity/implementation by configuring/indicating to UE that for certain bands, for which UE reported support of 2-port (2T) transmission, the network will not schedule 2-port (2T) transmission on one of more of those bands. 

Proposal 5: For the bands for which UE has NOT indicated the support of 2-port (2T) transmission, the default assumption should be that gNB cannot configure/indicate/schedule 2-port (2T) transmission on those bands

Proposal 6: For the bands for which UE has indicated the support of 2-port (2T) transmission, gNB can configure/indicate to UE that it is not required to support 2-port (2T) transmission on those bands
· This can further help to relax UE complexity/implementation

Restriction on minimum gap between switching instances
In RAN1#110bis-e, following working assumption has been made related to the support of minimum duration/gap between two consecutive switching instances:

Working assumption
Study the following alternatives for the minimum separation time between two UL Tx switchings for Rel-18 UL Tx switching schemes across up to 3 or 4 bands, and decide in RAN1#111 whether/which of the following alternatives is needed
· Alt.1: define 14 symbols based on a SCS (FFS on SCS) as minimum separation time between two UL Tx switchings
· Alt.2: define that no more than one uplink Tx switching within a reference slot based on a SCS (FFS on SCS)
· Alt.3: define X slots as minimum separation time between two UL Tx switchings where 3 bands are involved in total, and define Y slots as minimum separation time between two UL Tx switchings where 4 bands are involved in total, where X and/or Y is no less than 1 (FFS on X,Y, FFS reference SCS for the slots in case of multiple SCSs across carriers or expressed in unit of micro second)
· Alt.4: report the minimum separation time for different switching cases
· Other alternative is not precluded
· FFS: Applicable cases for the restriction
· Note: Companies are encouraged to provide detailed numbers of minimum separation time

From our point of view, the main motivation for the above working assumption is to avoid frequent switching instances, especially for the switching cases for which longer switching period might be required. In those cases, longer switching gap would result in longer UL interruption and therefore, the overall performance gain expected with 3 or 4 bands may not be substantial. Currently, it is also being discussed on how the switching gap will be increased for certain switching cases where more than one band pair maybe switched. Therefore, it is technically reasonable to consider minimum separation time between two UL Tx switching instances as a function of the switching gap. Based on this, Alt 4 is the most preferred options this will allow UE to report different minimum separation time for different switching cases.  Exact set of values for minimum separation time can be discussed in RAN4. Alt 3 can also be considered as it at least provides some distinction to support separate minimum separation time values corresponding to 3 or 4 bands cases. 

Observation 1: Different values of minimum separation time between two UL Tx switching instances is beneficial corresponding to different values of switching gaps for different switching cases
· For switching cases involving more than 1 band pair transition, switching gap can be longer and therefore corresponding minimum separation time could also be longer to avoid frequent instances of switching cases

Proposal 7: RAN1 should confirm the working assumption on the minimum separation time between two UL Tx switching instances

Proposal 8: For supporting the minimum separation time between two UL Tx switching instances, support one of the two alternatives:
· Alt.3: define X slots as minimum separation time between two UL Tx switchings where 3 bands are involved in total, and define Y slots as minimum separation time between two UL Tx switchings where 4 bands are involved in total, where X and/or Y is no less than 1 (FFS on X,Y, FFS reference SCS for the slots in case of multiple SCSs across carriers or expressed in unit of micro second)
· Alt.4: report the minimum separation time for different switching cases
· RAN4 can discuss set of values for minimum separation time
· UE can report specific value from the set corresponding to specific switching cases

UE capability reporting
In RAN1#110bis-e, following agreement has been made related to the UE capability reporting for the supported UL TX switching option: 

Agreement
· Consider following alternatives for UE capability reporting about the supported UL Tx switching options
· Alt.1: report {switchedUL, dualUL, both} for each band pair in the band combination
· Alt.2: report {switchedUL, dualUL, both} for the band combination and report supported band pair for concurrent transmission for the band combination
· Consider following alternatives for gNB configuration regarding dual UL
· Alt.1: configure {switchedUL, dualUL} in CellGroupConfig
· Alt.2: configure {switchedUL, dualUL} for each band pair (combination of serving cells?)
· Alt.3: at least configuration of supported band pair (combination of serving cells) for concurrent transmission 
· Alt.4: No configuration of supported band pair (combination of serving cells) for concurrent transmission, i.e., UE just assumes as it reports

Generally speaking, if UE is able to report UL Tx switching modes for the band combination instead of band pairs, then it is more compact signaling for UE reporting. From this point of view, Alt.2 for UE capability reporting might be preferable. However, for Alt 2, it should not be always required for UE to report the support of concurrent UL transmission. In fact, if UE has reported dualUL support for the 3 or 4 band combination, then the default assumption should be that concurrent UL transmission is supported for all the band pairs for the 3 or 4 band combination. Additionally, UE can report for specific band pairs if concurrent UL transmission is not supported. Other possibility could be to support switchedUL reporting for 3 or 4 band combination, but dualUL is reported for band pairs within the 3 or 4 band combination. Reporting dualUL per band pair may eliminate the need to additionally report concurrent UL transmission per band pair.

Proposal 9: For UE capability reporting for the support UL Tx switching modes, one of the following two modes should be supported:
· (modified) Alt.2: report {switchedUL, dualUL, both} for the band combination and report supported band pair for which concurrent transmission is not supported for the band combination
· If dualUL or both is indicated for a band combination, then the default assumption should be that concurrent UL transmission is supported for all the band pairs, unless addition report according to Alt 2 is provided
· Alt. 3: report {switchedUL} for the band combination and report {dualUL} for the band pair

For the gNB configured, Alt. 4 should be the default supported alternative. Basically, gNB follows the reporting capability indicated by UE to support or not support concurrent UL transmission for band pairs. Additionally, an alternative can be supported where gNB can configure for a band pair that it doesn’t intend to support concurrent UL transmission. This is similar to Alt. 3.

Proposal 10: For gNB configuration/indication for the support UL Tx switching modes, Alt. 4 should be the default option i.e., no configuration of supported band pair (combination of serving cells) for concurrent transmission, i.e., UE just assumes as it reports. Additionally, modified Alt 4 can be supported:
· Alt.3: at least configuration of supported band pair (combination of serving cells) for which concurrent transmission is not supported

UL Tx switching gap for PUCCH with HARQ-ACK
In RAN1#110bis-e, there has been discussion on Rel-16 maintenance issued for UL Tx switching gap for PUCCH with HARQ-ACK [3]. It is expected that the same issue will prevail in Rel-18 UL Tx switching as well. For Rel-18, similar issue will exist based on the switching gap values currently supported for UE reporting and no addition of switching gap to PDSCH processing timeline. Therefore, we should also consider this issue and discuss possible solutions. In our companion contribution [4], we have discussed in detail about the issue that we have identified related to UL Tx switching for PUCCH with HARQ-ACK corresponding to the scheduled PDSCH in Rel-16. 

In Rel-16 it was discussed whether additional time is needed for PUCCH transmission due to HARQ-ACK with UL Tx switching. A couple of companies did indicate that switching gap shall also be added to PUCCH preparation time or longer processing time should be considered, but eventually this was not agreed based on the response that “T_proc,1 is defined with starting from the end of symbols of PDSCH but before which a UE is able to be aware of switching by decoding PDCCH, i.e., the PDSCH symbols are kind of existing margin”. Although this is true for most of the scheduling scenarios, but the margin provided by PDSCH symbols and the gap between the scheduling DCI and the PDSCH is not always sufficient to allow for UL Tx switching gap for PUCCH carrying HARQ-ACK. Consequently, the switching may need to be performed during the PDSCH processing timeline. 
We show the issue by comparing the timeline between PUSCH preparation time and PDSCH processing time. For the ease of comparison, we represent the timeline from the end of scheduling DCI to the start of PUCCH carrying HARQ-ACK with  and compare it with . The duration of  is determined by the:
· gap between scheduling DCI and the PDSCH and the scheduled duration of PDSCH
· based on TDRA for both PDSCH mapping type A and type B
· corresponding subcarrier spacing and , where  is defined according to the gap between scheduling DCI and PDSCH

We calculated  for both PDSCH mapping type A and type B with UE processing capability 1, as illustrated in Figure 1, and we concluded that for both the mapping types, the worst case i.e., the shortest duration for  is  symbols, where the value of  for PDSCH mapping type A case  for PDSCH mapping type B, as shown in the Figure. For PDSCH mapping type B, the gap from the end of DCI to the end of PDSCH is -1, therefore . Essentially, when the scheduling DCI and PDSCH are overlapping, then the issue is quite clear in terms of limited processing timeline. 
[image: ]
(a) PDSCH Mapping Type A (  )

[image: ]
(b) PDSCH Mapping Type B (  )
Figure 1: Illustration of worst-case PDSCH scheduling scenarios in terms of processing timeline
Then we further calculate the worst-case values of  for each of the N1 values corresponding to the subcarrier spacing values supported for FR1 and compare those with corresponding  values including switching gap values for all the three supported values including . Table 1 below summarizes the comparison, and it can be observed that for the scenarios in red, the existing timeline is not sufficient to apply UL Tx switching for PUCCH carrying HARQ for some of the reported switching gap values. 
Table 1: Calculating available timeline ( from the end of scheduling DCI to start of PUCCH including ,  and gap (if any) from the end of DCI to the end of PDSCH
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Therefore, it is quite clear that the margin expected from PDSCH symbols and/or gap between scheduling DCI and PDSCH is not sufficient to accommodate the required switching gap as reported by UE. With current processing capability, it is not reasonable to assume that UE should be able to perform UL Tx switching triggered for PUCCH carrying HARQ-ACK in all the scheduling scenarios and all capabilities, as currently supported in NR. 
Observation 2: For Rel-16/Rel-17 UL Tx switching, the duration from the end of the scheduling DCI to the start of PUCCH, for which the UL Tx switching is triggered (by the scheduling DCI), is not sufficient to perform UL Tx switching for all the scheduling cases, if uplink switching gap is reported by UE
· Total available duration from the end of DCI of the start of PUCCH is calculated for respective numerology  by taking into account the corresponding  value,  and the gap from the end of DCI to the end of PDSCH

Observation 3: For Rel-16/Rel-17 UL Tx switching, the issue (available timeline duration) is more pronounced for following cases (shown in the table):
· When the scheduling DCI and corresponding PDSCH are partially or fully overlapping
· and/or reported switching gap value is higher
· and/or higher numerology is applied 
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Based on above observations, it is factually correct to determine that the current specification is not able to handle all the supported PDSCH scheduling scenarios when UL Tx switching is triggered for PUCCH carrying HARQ (triggered by DCI scheduling corresponding PDSCH). 
Observation 4: NR Rel-16/Rel-17 specification is not able to handle all the supported PDSCH scheduling scenarios, when UL Tx switching is triggered for PUCCH carrying HARQ-ACK (triggered by DCI that schedules corresponding PDSCH)
· It is assumed same switching gap value (as reported by UE) is needed regardless of whether it is applied for PUSCH or PUCCH

Considering the above issues, it is apparent that it needs to be discussed on how to solve this specification issue in RAN1. In terms of solution, following 2 options have been considered in [3]: 
· Option 1: If UL Tx switching is triggered for PUCCH with HARQ-ACK by scheduling DCI (for PDSCH) and switching gap () is reported by the UE, then  is added to the PDSCH processing timeline () and new UE capability is introduced
· Option 2: If UL Tx switching is triggered for PUCCH with HARQ-ACK by scheduling DCI (for PDSCH) and switching gap () is reported by the UE, then gNB scheduling ensures that the duration from the last symbol of the scheduling DCI to the first symbol of the PUCCH with HARQ-ACK is equal or longer than the combined duration of and 

From our point of view, both options help to resolve the issue in effectively the same way i.e., to allow sufficient duration for UE apply UL Tx switching, whenever switching gap is reported. Considering if consistent solution is envisioned across all the released for UL Tx switching, option 2 is preferable. 
Proposal 11: RAN can adopt following solution to resolve UL Tx switching issues for PUCCH with HARQ-ACK:
· if UL Tx switching is triggered for PUCCH with HARQ-ACK by scheduling DCI (for PDSCH) and switching gap () is reported by the UE, then gNB scheduling ensures that the duration from the last symbol of the scheduling DCI to the first symbol of the PUCCH with HARQ-ACK is equal or longer than the combined duration of  and 
Conclusion
In this contribution, we have discussed our views on UL Tx switching enhancements for more than 2 bands and have provided following observations/proposals:

Observation 1: Different values of minimum separation time between two UL Tx switching instances is beneficial corresponding to different values of switching gaps for different switching cases
· For switching cases involving more than 1 band pair transition, switching gap can be longer and therefore corresponding minimum separation time could also be longer to avoid frequent instances of switching cases

Observation 2: For Rel-16/Rel-17 UL Tx switching, the duration from the end of the scheduling DCI to the start of PUCCH, for which the UL Tx switching is triggered (by the scheduling DCI), is not sufficient to perform UL Tx switching for all the scheduling cases, if uplink switching gap is reported by UE
· Total available duration from the end of DCI of the start of PUCCH is calculated for respective numerology  by taking into account the corresponding  value,  and the gap from the end of DCI to the end of PDSCH

Observation 3: For Rel-16/Rel-17 UL Tx switching, the issue (available timeline duration) is more pronounced for following cases (shown in the table):
· When the scheduling DCI and corresponding PDSCH are partially or fully overlapping
· and/or reported switching gap value is higher
· and/or higher numerology is applied 
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Observation 4: NR Rel-16/Rel-17 specification is not able to handle all the supported PDSCH scheduling scenarios, when UL Tx switching is triggered for PUCCH carrying HARQ-ACK (triggered by DCI that schedules corresponding PDSCH)
· It is assumed same switching gap value (as reported by UE) is needed regardless of whether it is applied for PUSCH or PUCCH


Proposal 1: If it is agreed to support the UE capability reporting to indicate dualUL for a 3 or 4 band combination (instead per band pair), then the following should be supported:
· For the band pairs in a 3 or 4 band combination, UE can additionally report that concurrent UL transmission is NOT supported on specific band pairs
· If no additional report on concurrent UL transmission is indicated, then by default, concurrent transmission is assumed to be supported by UE for all the band pairs in a 3 or 4 band combination

Proposal 2: For the band pairs for which UE has NOT indicated the support of concurrent UL transmission, the default assumption should be that gNB cannot configure/indicate/schedule concurrent UL transmission on those band pairs

Proposal 3: For the band pairs for which UE has indicated the support of concurrent UL transmission, gNB can configure/indicate to UE that it is not required to support concurrent UL transmission on those bands
· This can further help to relax UE complexity/implementation

Proposal 4: For UE’s reporting capability on restriction of 2-port (2T) transmission on bands within a 3 or 4 band combination, one or both of the following options can be supported:
· Option 1: If UE reports UL Tx switching support {switchedUL, dualUL, both} modes for 3 or 4 band combination, then UE can additionally report for certain band or band pairs that 2T transmission is not supported
· Option 2: Two new UL Tx switching modes can be introduced including {switchedULwithout2T, dualULwithout2T} for reporting the switching modes without the support of 2T transmission
· These modes can either be reported for a 3 or 4 band combination or for specific bands or band pairs 
Proposal 5: For the bands for which UE has NOT indicated the support of 2-port (2T) transmission, the default assumption should be that gNB cannot configure/indicate/schedule 2-port (2T) transmission on those bands

Proposal 6: For the bands for which UE has indicated the support of 2-port (2T) transmission, gNB can configure/indicate to UE that it is not required to support 2-port (2T) transmission on those bands
· This can further help to relax UE complexity/implementation

Proposal 7: RAN1 should confirm the working assumption on the minimum separation time between two UL Tx switching instances

Proposal 8: For supporting the minimum separation time between two UL Tx switching instances, support one of the two alternatives:
· Alt.3: define X slots as minimum separation time between two UL Tx switchings where 3 bands are involved in total, and define Y slots as minimum separation time between two UL Tx switchings where 4 bands are involved in total, where X and/or Y is no less than 1 (FFS on X,Y, FFS reference SCS for the slots in case of multiple SCSs across carriers or expressed in unit of micro second)
· Alt.4: report the minimum separation time for different switching cases
· RAN4 can discuss set of values for minimum separation time
· UE can report specific value from the set corresponding to specific switching cases

Proposal 9: For UE capability reporting for the support UL Tx switching modes, one of the following two modes should be supported:
· (modified) Alt.2: report {switchedUL, dualUL, both} for the band combination and report supported band pair for which concurrent transmission is not supported for the band combination
· If dualUL or both is indicated for a band combination, then the default assumption should be that concurrent UL transmission is supported for all the band pairs, unless addition report according to Alt 2 is provided
· Alt. 3: report {switchedUL} for the band combination and report {dualUL} for the band pair

Proposal 10: For gNB configuration/indication for the support UL Tx switching modes, Alt. 4 should be the default option i.e., no configuration of supported band pair (combination of serving cells) for concurrent transmission, i.e., UE just assumes as it reports. Additionally, modified Alt 4 can be supported:
· Alt.3: at least configuration of supported band pair (combination of serving cells) for which concurrent transmission is not supported

Proposal 11: RAN can adopt following solution to resolve UL Tx switching issues for PUCCH with HARQ-ACK:
· if UL Tx switching is triggered for PUCCH with HARQ-ACK by scheduling DCI (for PDSCH) and switching gap () is reported by the UE, then gNB scheduling ensures that the duration from the last symbol of the scheduling DCI to the first symbol of the PUCCH with HARQ-ACK is equal or longer than the combined duration of  and 
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