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1. Introduction
Discussion on Rel-18 Multi-carrier enhancements started in RAN2#119-e where RAN2 achieved following agreements on general issues and potential issues on UL Tx switching.
	As a baseline, RAN2 reuse Rel-16/17 UL Tx switching band combination list (i.e. BandCombinationList-UplinkTxSwitch-r16) for Rel-18 UL Tx switching capability reporting.
As a baseline, uplink bands for Rel-18 UL Tx switching are configured as in legacy way, i.e. by UplinkConfig.
RAN2 waits for RAN1/4 input and then addresses the potential issues according to RAN1/4 indication, e.g.:
– whether the switching period is configured per band pair or per band combination on UE capability reporting.
– whether the switching option (i.e. switchedUL or dualUL) is configured per band pair or per band combination on UE capability reporting.
– how RRC configures a period location for each band pair within three or four bands on RRC configuration.
– how to configure a state of Tx chains after the UL Tx switching is not unique in Rel-18 framework on RRC configuration.



In this meeting, RAN2 is planned to discuss and decide some detailed design of UE capabilities and RRC configuration for UL Tx switching[1].
	RAN1#110bis (0.5 TU)
RAN2#119bis (0.25 TU)
RAN4#104bis (RF:0.5 TU, RD:0.25 TU)
	RAN1
· Discuss and decide some detailed design for UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including
· Deciding whether to support UL Tx switching across up to 3 bands, up to 4 bands or not
· Down-selection of switching mechanism(s) across 3 or 4 bands, if supported
· Down-selection of solution(s) for addressing 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, if supported
· Discussion and potential down-selection of switching configurations for Rel-18 UL Tx switching, if supported
· Identify necessary new RRC parameter(s) and MAC-CE(s) for UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs (if any)
RAN2
· Discuss and decide some detailed design for UL Tx switching schemes across up to 3 or 4 bands, including
· Identifying possible option(s) of UE capability for UL Tx switching schemes across up to 3 or 4 bands with considering different scenarios (e.g., required UE capability conditions)
· Identifying possible option(s) of RRC configuration for UL Tx switching schemes across up to 3 or 4 bands with considering different scenarios
RAN4
· Discuss and decide some detailed RAN4 impacts for UL Tx switching schemes across up to 3 or 4 bands, including
· Identifying possible option(s) of switching time and other RF aspects, and RRM requirements for UL Tx switching across up to 3 bands first, and then up to 4 bands
· Finalization of the investigation on the feasibility and potential impacts to support UL Tx switching with multiple TAGs, and identifying possible option(s) of necessary enhancements (if any) to support UL Tx switching with multiple TAGs if supported



This contribution updates the current status of the discussion on UL Tx switching in other WGs and provides our view on what RAN2 should do (or not do).

2. Discussion
2.1. Latest discussion in RAN1/4
RAN1#110
In August meeting, RAN1 discussed on switching mechanisms and scenarios in scope. Agreements are following[2]:
	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



Consequently, Alt1 (i.e., Tx chains are allowed to switch across all bands) is assumed to be a baseline as the switching mechanism. RAN1 also assumed candidate options to reduce complexity.
However, RAN1 did not conclude to send an LS to RAN2, i.e., RAN2 is not yet required to implement signaling based on Alt1. In our understanding, there is still possibility of other switching mechanisms, e.g., Alt2 or Alt3, on top of that, potential RAN2 work is also susceptible to options of complexity reduction, which is depending on upcoming RAN1 discussion.
Observation 1. In August meeting, RAN1 agreed on a working assumption that Alt1 (Tx chains are allowed to switch across all bands) is a baseline as the switching mechanism, but not concluded nor sent LS to RAN2 yet.

RAN4#104-e
In August meeting, RAN4 prepared the reply LS to RAN1 in which agreements on switching periods, scenarios in scope, and whether Tx chains can continue transmission while switching are captured. Agreements are following[3]:
	Agreement:
---------------------- RAN4 Answer to RAN1 Question #1 -----------------------------------
On the length of switching period:
· For UL switching period with Tx switching across 3 or 4 bands, RAN4 agreed to reuse the same set of values as in Rel-16/17, i.e., {35 us, 140 us, 210 us} for UL CA and SUL.
· The length of switching period is applied per band pair for each band combination. 
· For each band pair, the switching period can be the same or different for 1Tx-2Tx switching and 2Tx-2Tx switching based on UE reporting, which is similar as in Rel-17.
· Note: For UE reporting different periods for 1Tx-2Tx switching and 2Tx-2Tx switching for a band pair, similar to Rel-17, it is RAN4 understanding that the 2Tx-2Tx switching period is applied when 2Tx-2Tx switching mode is configured.
· For the same band pair, RAN4 has not concluded on whether the same or a different value can be reported for the specific band pair supporting Tx switching across 3 or 4 bands in Rel-18 compared to Tx switching across 2 bands specified in Rel-16/17.
On the UE complexity:
· RAN4 has not identified any technical difficulty for UE to prevent realizing Tx switching across 3 or 4 bands.
· RAN4 would like to recommend the UE memory sharing issue to be further discussed in RAN1 if necessary. 
---------------------- RAN4 Answer to RAN1 Question #1 -----------------------------------
The additional agreement to be captured in the way forward:
Agreement: 
· The capture the following sentence in the other way forward document.
· The complexity related aspects would be discussed in RAN4 in future meetings.
...
Agreement:
---------------------- RAN4 Answer to RAN1 Question #2 -----------------------------------
RAN4 Answer: 
RAN4 has discussed the UE assumption/behavior considering two cases:
· Case 1: One of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), and the other Tx chain is maintained on either band A or band B.
· For Case 1, RAN4 agreed that neither of Tx chains is expected to be used for transmission during the switching period. 
· Case 2: One of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), and the other Tx chain is maintained on a different band (named “band C”).
· For Case 2, RAN4 agreed that, as baseline UE assumption, neither of Tx chains is expected to be used for transmission on band C during the switching period. 
---------------------- RAN4 Answer to RAN1 Question #2 -----------------------------------
The additional agreement to be captured in the way forward:
Agreement: 
· Capture the following bullet in the way forward
· RAN4 will further discuss optional advanced features to allow the other Tx chain can be expected to be used for transmission on band C during the switching period as advanced/optional UE assumption. 
For concurrent UL transmission on 2 bands:
Agreement:
· For UL Tx switching across 3 and 4 bands, the support of concurrent UL transmission on 2 (out of 3 or 4) bands at least requires UL CA support on the corresponding band pair(s) by the UE.
...
Agreement:
· RAN4 further discuss if the UL switching time is the same for single TAG and 2 TAGs
· UL switching time should not include timing difference up to MTTD between two TAGs.



The consequent reply LS[4] is not addressed to RAN2 (just CCed), but following should be noted with regard of RAN2 signaling.
- The value of switching period is same as in Rel-16/17, i.e., {35 us, 140 us, 210 us}.
- Switching period is configured per band pair. The period value can be the same or different for 1Tx-2Tx switching and 2Tx-2Tx switching based on UE reporting, which is similar as in Rel-17.
- It is still under discussion whether the same or a different value can be reported for the specific band pair supporting Tx switching across 3 or 4 bands in Rel-18 compared to Tx switching across 2 bands specified in Rel-16/17.
Observation 2. In August meeting, RAN4 concluded that switching period is configured per band pair and per switching type (1Tx-2Tx or 2Tx-2Tx). It is still FFS whether Rel-18 switching periods are configured independently from Rel-16/17.
Observation 3. What signaling RAN2 should implement is still depending on what RAN1/4 discuss and what RAN1/4 requests to RAN2 in upcoming meetings.

2.2. Potential issues in RAN2
In the last meeting, RAN2 agreed on some potential issues to be discussed after RAN1/4 input.
	RAN2 waits for RAN1/4 input and then addresses the potential issues according to RAN1/4 indication, e.g.:
– whether the switching period is configured per band pair or per band combination on UE capability reporting.
– whether the switching option (i.e. switchedUL or dualUL) is configured per band pair or per band combination on UE capability reporting.
– how RRC configures a period location for each band pair within three or four bands on RRC configuration.
– how to configure a state of Tx chains after the UL Tx switching is not unique in Rel-18 framework on RRC configuration.



In our understanding, if Alt1 (i.e. Tx chains are allowed to switch across all bands) is assumed to be down-selected as the switching mechanism in RAN1, we can additionally spot following potential issues:

1) New UE capability in place of ULTxSwitchingBandPair-r16
In Rel-16/17, the UE capability informs whether UL Tx switching is supported per band pair via ULTxSwitchingBandPair-r16. In Rel-18, it is not clear that we can interpret a UE supports Rel-18 UL Tx switching across three or four bands if every band pair among these bands is informed via ULTxSwitchingBandPair-r16. In other words, it is possible that a separate UE capability is needed to inform three or four bands that support Rel-18 UL Tx switching. (if needed, name’s maybe... ULTxSwitchingBandTrio-r18 or ULTxSwitchingBandQuartet-r18? But we slightly prefer ULTxSwitchingBandPool-r18.) This issue is the case when RAN1 concludes Alt1 as the switching mechanism.

2) New UE capability and RRC configuration to configure concurrent UL cases
Based on following candidate option in working assumption made in RAN1#110:
	· 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


It is possible a new UE capability and RRC configuration are needed to configure band pairs to support simultaneous transmission. It is also possible to reuse Rel-16/17 signaling. This issue depends on RAN1 discussion on whether to introduce this option.

3) New UE capability and RRC configuration to configure bands to support 2 ports transmission
Based on following candidate option in working assumption made in RAN1#110:
	· 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


It is possible a new UE capability and RRC configuration are needed to configure bands to support 2 ports transmission. This issue depends on RAN1 discussion on whether to introduce this option.

4) New UE capability to inform preparation procedure time for some switching patterns
Based on following candidate option in working assumption made in RAN1#110:
	· 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


RAN1 may decide to introduce preparation procedure time to part of switching patterns. We understand this discussion derived from concerns that in Rel-18 specific switching patterns, procedure time for switching may be needed independently from switching period. This leads to a RAN2 task to introduce a new UE capability to inform the procedure time (e.g., per switching pattern). This issue depends on RAN1 discussion on whether to introduce this option.

5) New UE capability and RRC configuration to configure band pairs to support switching
Based on following candidate option in working assumption made in RAN1#110:
	· 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


It is possible a new UE capability and RRC configuration are needed to configure band pairs that Tx chains can switch across. It is also possible to reuse Rel-16/17 signaling. This issue depends on RAN1 discussion on whether to introduce this option.

Observation 4. RAN2 can spot potential issues on UE capabilities and RRC configuration, but discussion on these issues is depending on RAN1/4 conclusions (e.g., switching mechanism, options to reduce complexity).

2.3. Expected RAN2 action
As described above, foreseen potential issues are susceptible to RAN1/4 conclusion. Therefore, we should focus on general issues (issues that should be addressed whatever RAN1 decides) if any, but the rest should be addressed when the switching mechanism turns to be clearer from signaling perspective, e.g., after receiving an input from RAN1/4.
Observation 4. More discussion on potential issues may result in no progress depending on RAN1/4 conclusions.
Proposal. RAN2 discuss general issues if any. RAN2 wait for input from RAN1/4. After receiving RAN1 input, RAN2 discuss and decide what kind of UE capability and RRC configuration should be introduced.
Note: According to the work plan[1], TUs are allocated as following in RAN2.
	RAN2#119bis
	0.25 TU

	RAN2#120
	0.25 TU

	RAN2#121
	0.5 TU

	RAN2#121bis
	0.25 TU

	RAN2#122
	0.25 TU




3. Summary and proposal
Observation 1. In August meeting, RAN1 agreed on a working assumption that Alt1 (Tx chains are allowed to switch across all bands) is a baseline as the switching mechanism, but not concluded nor sent LS to RAN2 yet.
Observation 2. In August meeting, RAN4 concluded that switching period is configured per band pair and per switching type (1Tx-2Tx or 2Tx-2Tx). It is still FFS whether Rel-18 switching periods are configured independently from Rel-16/17.
Observation 3. What signaling RAN2 should implement is still depending on what RAN1/4 discuss and what RAN1/4 requests to RAN2 in upcoming meetings.
Observation 4. RAN2 can spot potential issues on UE capabilities and RRC configuration, but discussion on these issues is depending on RAN1/4 conclusions (e.g., switching mechanism, options to reduce complexity).
Observation 4. More discussion on potential issues may result in no progress depending on RAN1/4 conclusions.
Proposal. RAN2 discuss general issues if any. RAN2 wait for input from RAN1/4. After receiving RAN1 input, RAN2 discuss and decide what kind of UE capability and RRC configuration should be introduced.
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