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Introduction
In the RAN#96 plenary, the WID of the Multi-carrier enhancements was updated and a guidance on the focused scenarios for UL Tx switching was endorsed to help the progress of the work. More clarification on maximum number of TAGs was made in RAN#96-e and RAN#97-e plenary where the WID was updated accordingly.  The outcome of the progress in RAN1 for potential support and consequent design of UL Tx switching mechanism is shown in Appendix. 
This paper presents our view on how to proceed with the remaining design issues.
[bookmark: _Ref178064866]Discussion
The support of dynamic UL Tx switching across 3 or 4 bands is expected to provide additional scheduling flexibility to improve coverage or capacity across 3 or 4 bands. In our view, the extension of dynamic UL Tx switching to three or four bands, should ensure additional performance enhancements as compared to legacy procedures without introducing scheduling complexity or discarding UE complexity.
[bookmark: _Toc118665944]Design principle for extension of dynamic UL Tx switching to three or four bands, should ensure additional performance enhancements as compared to legacy procedures without introducing scheduling complexity or discarding UE complexity.

In the following we discuss our view on the design principle, starting with reflecting on the observations from last meetings based on the design proposals. 
Switching cases
The following agreement was made during the last meeting:
Agreement 
Consider following alternatives on the supported switching cases (Tx chain states) for each scenario
· Scenario#1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.1-1: only switching cases (Tx chain states) with 2T are assumed
· In case of 3 bands, 3 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}) are assumed 
· In case of 4 bands, 4 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}) are assumed 
· Alt.1-2: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· Scenario#2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands, 
· Alt.2-1: for the band where 2 ports UL transmission is not supported, switching cases (Tx chain states) with 1T-1T can be assumed
· FFS: detailed switching cases to be assumed with different number of bands supporting up to 2 ports UL transmission
· Alt.2-2: only switching cases (Tx chain states) with 2T are assumed
· Assumed switching cases are same as Scenario#1
· Alt.2-3: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· FFS: Scenario#3: For dual UL, if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.3-1: corresponding switching case(s) with 1T-1T for the band pair(s) are not assumed
· FFS: if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission only on some of the bands
· Alt.3-2: corresponding switching case(s) with 1T-1T for the band pair(s) are assumed
· Assumed switching cases are same as the case where UE supports dual UL for all band pairs in the band combination

In our view, the extension of dynamic UL Tx switching to three bands, should ensure additional performance enhancements as compared to legacy procedures that support not only 2 ports transmissions on 2 bands, but also concurrent transmissions on two bands. Consequently, solutions not supporting concurrent transmissions on any of the 2 bands or relying on limiting 2 ports transmission to a single band are not reasonable to be supported.
Therefore, if the feature is supported in Rel-18, the design should not impose restrictions on concurrent or 2 ports transmission. Similar to the previous releases, the complexity can be addressed by capability rather than design as it is being handled by RAN2.
Moreover, in case of operation under switched UL, the legacy procedures should be reused. That means that the only viable scenario, would be Scenario#1 (Alt.1-1).

Therefore, we propose the following:
[bookmark: _Toc118665945]Dynamic UL TX switching across 3 or 4 bands should include 2 TX transmission (i.e. 0/1/2 ports transmission) on any of the 3 or 4 bands.
[bookmark: _Toc118665946]Dynamic UL TX switching across 3 or 4 bands for UL CA should include concurrent transmission on any two bands among 3 or 4 bands.
[bookmark: _Toc118665947]Support Scenario#1 with Alt1-1 as the alternative among the agreed alternatives for switching cases.

Switching separation time
The following Working assumption was made during the last meeting:
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

We share in the following, our view regarding the considered alternatives in the WA.
Our understanding of the motivation for Alt 1 /Alt 2 by the proponents is the expected additional complexity due to extension of dynamic UL Tx switching operation to more bands as compared to the legacy switching cases. The complexity is claimed to stem from the need for additional memory, and related operations such as flushing or data transfer. However, Alt1 /Alt2 does not distinguish between legacy Tx chain state transitions and the new ones under discussion in Rel-18. Without any distinction scheduling delay would be unnecessarily increased. 
Consider for example that the UE supports dynamic UL Tx switching across 3 bands and consequently the NW configures the UE to enable dynamic TX switching across 3 bands. However, for the set of transmissions that are confined within 2 of the 3 bands, additional delay by Alt1 /Alt 2 would be imposed as compared to the legacy case which is not reasonable. The additional delay should only be effective, if needed, when the 3rd band is involved in the corresponding procedures. That means that the performance should not be reduced for transmission across 2 of the 3 or 4 bands, as compared to the legacy procedures. In that regard, it seems that Alt 3/Alt 4 provide a direction that one can distinguishes new cases from the legacy cases. 
Our view is that definition of an anchor band simplifies the operation and make it easier to distinguishes that cases that are not supported by legacy procedures and falls within the direction of Alt 3/Alt 4. 
Consider 3 bands case. One of the bands is identified as the anchor band. If the TX chains state is changed for a transmission and there is no transmission on the anchor band by the transmission and the proceeding transmission corresponding to a different TX chain state, the UE expects that the transmission occurs after at least a gap of duration X after the end of the proceeding transmission TX chain.  Needless to mention that the value of X can be discussed.  However, the important point is that this design approach neither compromises the legacy performance, nor imposes any scheduling dependency. It also provides the UE with enough time to cope with the switching related complication, if any, regarding introduction of additional band to the framework. Figure 1 illustrates examples of the proposed design. 

[image: ]
[bookmark: _Ref110812537]Figure 1:  Dynamic UL Tx switching across 3 bands based on Alt1 with band B1 as anchor band

Lastly, in our view, the duration of minimum separation time should be discussed in RAN4 as the discussion is not within RAN1 expertise.
Therefore, based on the above discussion we propose to consider the following design principles to support dynamic UL TX carrier switching across 3 bands:
[bookmark: _Toc118665948]For determining the minimum separation time between two UL Tx switching for Rel-18 UL Tx switching schemes across up to 3 or 4 bands, only switching cases that are not supported by legacy procedures should be considered (not supported by Alt1/Alt2, while possible with Alt3/Alt 4).  
[bookmark: _Toc118665949]For determining the minimum separation time between two UL Tx switching for Rel-18 UL Tx switching schemes across up to 3 or 4 bands, realize Alt 3/Alt4 by introducing an anchor band.
[bookmark: _Toc118665950] Apply the following procedures for dynamic UL Tx switching across 3 or 4 bands based on introduction of anchor band(s):
· [bookmark: _Toc118665951]Indicate N band(s) among 3 or 4 bands are configured as anchor band(s). 
· [bookmark: _Toc118665952]N = 1 for dynamic UL TX switching across 3 bands
· [bookmark: _Toc118665953]N = 2 for dynamic UL TX switching across 4 bands (FFS N=1)
· [bookmark: _Toc118665954]For an indicated UL transmission, if after the preceding UL transmission, the UE is under operation state that is different from the ending state, and if none of the bands in the ending and operation states are an anchor band, the UE expects that the indicated UL transmission to occur after at least a minimum separation time after the end of the proceeding transmission.  
· [bookmark: _Toc118665955]Note: Operation state refers to the state of Tx chains on two bands before an indicated UL transmission
· [bookmark: _Toc118665956]Note: Ending state refers to the state of Tx chains on two bands after transmission of an indicated UL transmission
· [bookmark: _Toc118665957]Ask RAN4 to decide for the minimum separation time

Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Design principle for extension of dynamic UL Tx switching to three or four bands, should ensure additional performance enhancements as compared to legacy procedures without introducing scheduling complexity or discarding UE complexity.
Proposal 2	Dynamic UL TX switching across 3 or 4 bands should include 2 TX transmission (i.e. 0/1/2 ports transmission) on any of the 3 or 4 bands.
Proposal 3	Dynamic UL TX switching across 3 or 4 bands for UL CA should include concurrent transmission on any two bands among 3 or 4 bands.
Proposal 4	Support Scenario#1 with Alt1-1 as the alternative among the agreed alternatives for switching cases.
Proposal 5	For determining the minimum separation time between two UL Tx switching for Rel-18 UL Tx switching schemes across up to 3 or 4 bands, only switching cases that are not supported by legacy procedures should be considered (not supported by Alt1/Alt2, while possible with Alt3/Alt 4).
Proposal 6	For determining the minimum separation time between two UL Tx switching for Rel-18 UL Tx switching schemes across up to 3 or 4 bands, realize Alt 3/Alt4 by introducing an anchor band.
Proposal 7	Apply the following procedures for dynamic UL Tx switching across 3 or 4 bands based on introduction of anchor band(s):
	Indicate N band(s) among 3 or 4 bands are configured as anchor band(s).
	N = 1 for dynamic UL TX switching across 3 bands
	N = 2 for dynamic UL TX switching across 4 bands (FFS N=1)
	For an indicated UL transmission, if after the preceding UL transmission, the UE is under operation state that is different from the ending state, and if none of the bands in the ending and operation states are an anchor band, the UE expects that the indicated UL transmission to occur after at least a minimum separation time after the end of the proceeding transmission.
	Note: Operation state refers to the state of Tx chains on two bands before an indicated UL transmission
	Note: Ending state refers to the state of Tx chains on two bands after transmission of an indicated UL transmission
	Ask RAN4 to decide for the minimum separation time
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Appendix
WGs outcomes
RAN1#109-e: Agreements and conclusions
Conclusion
EN-DC cases are out of scope for Rel-18 UL Tx switching

Conclusion
UL only cell cases are out of scope for Rel-18 UL Tx switching

RAN1 Observation
Four contributions (R1-2203136, R1-2204724, R1-2204909, R1-2205131) from three companies show their evaluation results on UL Tx switching across 3 or 4 bands at RAN1#109-e meeting.
· All evaluation results show the performance gain of UL Tx switching across 4 bands compared with UL Tx switching across 2 bands, assuming TDD bands with different TDD UL/DL configurations are included in 4 bands.
· Evaluation results in R1-2203136 show the performance gain of UL Tx switching across 4 bands compared with UL Tx switching across 3 bands.
· Evaluation results in R1-2204724 show that the performance gain of UL Tx switching across 4 bands compared with UL Tx switching across 2 bands depends on achievable switching period, and the longer switching period for UL Tx switching across 4 bands compared with UL Tx switching across 2 bands leads to reduction of the performance gain. Other evaluation results did not consider the impact of longer switching period for UL Tx switching across 4 bands compared with UL Tx switching across 2 bands. 
· Evaluation results in 5131 observe that the gain highly depends on the scheduling mechanism.
· The range of performance gains shown in four contributions varies depending on the simulation assumptions.

Agreement
Companies are encouraged to investigate pros and cons of following possible mechanisms for dynamic Tx carrier switching across the configured bands, and RAN1 strives for the down-selection at RAN1#110
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via UL grant and/or RRC configuration for UL transmission
· Alt.2: NW indicates 2 bands out of the configured bands (3 or 4 bands) via DCI or MAC-CE, and dynamic Tx carrier switching between indicated bands is same as Rel-17
· Alt.3: One anchor band is selected among configured bands (3 or 4 bands), and dynamic Tx carrier switching can be performed only from the anchor band to a non-anchor band and from a non-anchor band to the anchor band
· Note: Other mechanisms are not precluded

Agreement
Send LS to RAN4 to ask their feedback on the potential increase of switching period and complexity in the case of UL Tx switching across 3 or 4 bands
· In the LS, observations based on the evaluation results and alternative switching mechanisms discussed in RAN1 are captured for the information to RAN4
· In the LS, RAN1 also asks RAN4 feedback on whether following assumption can be considered as baseline UE assumption/behavior even in case of the UL Tx switching across 3 or 4 bands
· When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain which is in any of bands is also not expected to be used for transmission during the switching period
LS is endorsed in R1-2205502.


Conclusion
If Rel-18 UL Tx switching is supported, following assumption is applied for Rel-18 UL Tx switching across up to 3 or 4 bands
· Only when the two Tx chains are linked to one NR band, the 2-ports UL transmission on the NR band is possible

RAN1 Observation
Following proposals to address the concern on UE/gNB complexity increase or scheduling restriction due to UL Tx switching across larger number of bands compared with Rel-16/17 are identified in contributions submitted at RAN1#109-e, and companies are encouraged to investigate pros and cons of the proposals so that one or some of them may be down-selected after the down-selection of the mechanism for dynamic Tx carrier switching across the configured bands
· UE can report the supports of only some of concurrent UL cases (combinations of 2 bands for concurrent UL transmissions)
· Switching across 0/1/2 ports is supported only for 2 configured bands out of 3 or 4 configured bands and other bands support switching across 0/1 port only
· Only switching across 0/1 port is supported across all configured bands when 3 or 4 bands are configured
· Prioritization rules between uplink carriers are specified
· No restriction on the UEs choice of MIMO capability on any of the bands/CCs involved in the UL Tx switching band combination is introduced
· After one RF state switch, the next RF state switch must occur after 14 symbols or later (FFS: which SCS is assumed for the symbol duration)
· Note: Other solutions are not precluded
· Note: each proposal assumes certain mechanism for dynamic Tx carrier switching across the configured bands, and hence some or all of the proposals may not be necessary depending on the down selection of the mechanism for dynamic Tx carrier switching across the configured bands

Conclusion
It is RAN1’s understanding that RAN4 should lead the discussion on UL Tx switching with multiple TAGs for both 2 bands case and more than 2 bands case
· For further discussion in RAN1 with regards to UL Tx switching with multiple TAGs, it will be discussed only if triggered by RAN4
· If it is decided to support UL Tx switching with multiple TAGs, it is RAN1's working assumption that the number of TAGs should be limited to up to 2

RAN1 Observation
Following possible switching configurations can be considered, and RAN1 may discuss if any of the following switching configurations need to be supported after making some progress on the discussion on the switching mechanism
· For 3 bands case
· Switching configuration.3-1: all the 3 bands support up to 2Tx
· Switching configuration.3-2: only 1 band out of 3 bands support up to 2Tx
· Switching configuration.3-3: only 2 bands out of 3 bands support up to 2Tx
· For 4 bands case
· Switching configuration.4-1: all the 4 bands support up to 2Tx
· Switching configuration.4-2: only 1 band out of 4 bands support up to 2Tx 
· Switching configuration.4-3: only 2 bands out of 4 bands support up to 2Tx 
· Switching configuration.4-4: only 3 bands out of 4 bands support up to 2Tx 
· Note: The Spec should not restrict which Tx chain is fixed or switched across certain bands. 


RAN1#110: Agreements and conclusions
Working Assumption
· If Rel-18 UL Tx switching is supported, following switching mechanism is considered as baseline for the Rel-18 UL Tx switching across 3 or 4 bands
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via dynamic grant and/or RRC configuration for UL transmission
· RAN1 will support one or more of following complexity reduction options, considering at least the potential additional preparation time, additional interruption time, and RF complexity for certain switching cases/patterns, if Rel-18 UL Tx switching is supported based on Alt.1, and companies are encouraged to investigate options with striving for down-selection at RAN1#110bis-e.
· Option 1: UE is allowed to support only some of concurrent UL cases (band pairs)
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: potential capability/RRC signaling
· Option 2: UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching
· FFS: at least two bands should support up to 2 Tx as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for both switched UL and dual UL cases or only for dual UL case
· FFS: whether/how to reuse or extend existing capability/RRC signaling
· Option 3: UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns
· FFS: specific switching cases/patterns where more preparation procedure time (or interruption time) is necessary, e.g., switching patterns not existed in Rel-17
· FFS: how long preparation procedure time and/or interruption time is necessary, and whether RAN4 involvement is necessary
· FFS: whether/how to report/indicate the specific switching cases/patterns and/or value(s) of preparation procedure time (or interruption time)
· FFS: what is the definition of preparation procedure time or interruption time, including whether interruption happens during the preparation procedure time and whether it includes switching period
· FFS: whether/how long minimum interval between two succeeding UL Tx switching is necessary
· Option 4: UE is allowed to support only some of band pairs for tx switching
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for switched UL and/or dual UL 
· FFS: potential capability/RRC signaling
· Other options are not precluded

RAN1#110bis-e: Agreements and conclusions
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

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

Agreement
If Rel-18 UL Tx switching for 3 or 4 bands is supported, following is considered as baseline.
· Existing conditions where the switching period is required can be reused for Rel-18 UL Tx switching with 3 or 4 bands when only two bands are involved in a switching
· New conditions where the switching period is required should be introduced for Rel-18 UL Tx switching with 3 or 4 bands when more than two bands are involved in a switching
· For dual UL, following new conditions are considered
· When the UE is to transmit a 1-port or 2-port transmission on one uplink carrier on one band (1st band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (2nd and 3rd band) 
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 2T on a carrier on another band (3rd band) 
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on one of the bands and another different band (1st or 2nd band, and 3rd band)
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (3rd and 4th band)
· FFS for switched UL and/or for the case with complexity reduction option 1 or 2
· FFS the same or different switch period for existing conditions and new conditions

Conclusion
No consensus in RAN1 on complexity reduction option 3

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

Working Assumption
Specify UL Tx switching schemes across up to 4 bands in Rel-18

Working Assumption
If Rel-18 UL Tx switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported

Agreement
Confirm the following working assumption made at the RAN1#110 meeting.
Working Assumption
If Rel-18 UL Tx switching is supported, following switching mechanism is considered as baseline for the Rel-18 UL Tx switching across 3 or 4 bands
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via dynamic grant and/or RRC configuration for UL transmission

Working Assumption
At least for dual UL, reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state at least for following cases
· Case#1 of the issue: two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported
· if twoT is indicated, both of two Tx chains are switched to band B
· if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A
· Case#2 of the issue: two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported
· if twoT is indicated, both of two Tx chains are switched to band C
· if oneT is indicated, one Tx chain is switched to band C while how to determine the associated band for another Tx chain is FFS
· Alt.1: based on gNB’s configuration/indication e.g., new RRC parameter
· Alt.2: based on predefined rule
· Other alternative is not precluded
· FFS for other potential cases

Agreement
Ask RAN2 to 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
· Note：If there is no report on the supported band pair(s) for concurrent transmission while the UE reports “dualUL” or “both” for the band combination, gNB may assume that the UE supports concurrent transmission on all the band pairs within the band combination
· Alt.3: report {dualUL} for each band pair in the band combination
· Note: Within the band combination, the UE shall be capable of being operated in switched UL mode for all band pairs

Agreement
Ask RAN2 to consider following alternatives and specify gNB configuration
· Alt.1: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination)
· Alt.2: configure {switchedUL, dualUL} for combination(s) of serving cells (i.e., for each band pair in the band combination)
· Alt.3: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination), and configure combination(s) of serving cells (i.e., as supported serving cell pair(s) for each band pair in the band combination) for concurrent transmission

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

Agreement
Consider following alternatives on the supported switching cases (Tx chain states) for each scenario
· Scenario#1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.1-1: only switching cases (Tx chain states) with 2T are assumed
· In case of 3 bands, 3 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}) are assumed 
· In case of 4 bands, 4 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}) are assumed 
· Alt.1-2: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· Scenario#2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands, 
· Alt.2-1: for the band where 2 ports UL transmission is not supported, switching cases (Tx chain states) with 1T-1T can be assumed
· FFS: detailed switching cases to be assumed with different number of bands supporting up to 2 ports UL transmission
· Alt.2-2: only switching cases (Tx chain states) with 2T are assumed
· Assumed switching cases are same as Scenario#1
· Alt.2-3: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· FFS: Scenario#3: For dual UL, if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.3-1: corresponding switching case(s) with 1T-1T for the band pair(s) are not assumed
· FFS: if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission only on some of the bands
· Alt.3-2: corresponding switching case(s) with 1T-1T for the band pair(s) are assumed
· Assumed switching cases are same as the case where UE supports dual UL for all band pairs in the band combination

Agreement
LS on UE capability and gNB configuration for UL Tx switching across 3 or 4 bands in Rel-18 is endorsed. Final LS in R1-2210724.

RAN plenary outcomes
RAN#96 approvals
The WID was approved to be revised as the following [1][2]:
	1. Specify a solution for multi-cell PUSCH/PDSCH scheduling (one PDSCH/PUSCH per cell) with a single DCI [RAN1]
· Identify the maximum number of cells that can be scheduled simultaneously
· Consider both intra-band and inter-band CA operation
· Consider both FR1 and FR2
· The single DCI shall be optimized for 3 or more cells for the multi-cell PUSCH/PDSCH scheduling
2. 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: 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



The following proposal was agreed [1][3]:
	RAN provides following guidance to RAN1/2/4.
· If Rel-18 UL Tx switching is supported, 
· RAN1/2/4 shall focus on defining necessary mechanisms and requirements for UL Tx switching across 3 or 4 different bands in Q3 2022
· Inter-band UL-CA Option 1 (i.e., switched UL) and Option 2 (i.e., dual UL) without SUL band
· Inter-band UL CA Option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s)
· UL CA framework where UL CA is performed between NULs according to current RAN4 specifications should not be changed
· Note: switching across any band in this scenario is not precluded
· Intra-band two contiguous aggregated carriers within one non-SUL band out of 3 or 4 bands
· Further check additional scenarios in RAN#97e, e.g.,
· {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}
· Simultaneous transmission across 2 bands in {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) (excluding simultaneous transmission between SUL and corresponding NUL)
· Mechanisms/requirements should not introduce restrictions on what were already supported in current specifications for UL Tx switching



RAN#97e approvals
Following proposals were agreed:
· Clarify that the number of TAGs is limited to up to 2 for both 2 bands switching and more than 2 bands switching cases
· Apply the proposed WID update in RP-222251
· Capture following conclusion in the meeting report of RAN#97-e.
· Conclusion: for the work on UL Tx switching with 2 TAGs, RAN1/2 discussion can be triggered by RAN4 LS. No RAN1 spec impact is expected.
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