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1. Introduction
A new WI for multi-carrier enhancement in Rel-18 was approved in RAN#94e and revised in RAN#97-e meeting with the following objective in WID [1]. 
	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: 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 discuss and provide our views on Rel-18 UL Tx switching across 3 or 4 bands.

2. Switching mechanism and complexity reduction
At RAN1#110 meeting, the following working assumption was made. 
	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


According to the WA, Rel-18 UL Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling. Along with this, several options for complexity reduction at UE side were captured together. These options may reduce the UE complexity at the expense of scheduling flexibility. However, it is uncertain that the effect of reducing the complexity is significant to all kind of UE supporting UL Tx switching since it would be dependent on the specific UE implementation. In addition, it may not be necessary for some UE to follow such complexity reduction while losing the scheduling flexibility. Therefore, it would be reasonable that such complexity reduction options are UE capabilities, if supported.

Proposal #1: Complexity reduction options for UL Tx switching across 3 or 4 bands can be supported as a UE capability. 

More specifically, we have following observations on Option 1, Option 2 and Option 4 in WA.
· Regarding the 1st FFS under Option 1 or Option 2 (i.e., FFS: at least one band pair should be supported as in Rel-17 or FFS: at least two bands should support up to 2 Tx as in Rel-17), these can be removed since we believe that Rel-18 UL Tx switching should cover all functionalities supported in Rel-17 UL Tx switching. 
· Regarding the 2nd FFS under Option 1 or Option 2 (i.e., FFS: for both 3 and 4 bands cases or only for 4 bands case), we think that any option in the list should be applied to both 3 and 4 bands or not to both 3 and 4 bands. The motivation for applying this option only to the case of 4 bands and not to the case of 3 bands is not clear. It should be noted that the Objective in WID says “Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands”.
· Regarding the 3rd FFS under Option 2 (i.e., FFS: for both switched UL and dual UL cases or only for dual UL case), we don’t see the need to apply different rules for the case of ‘switchedUL’ or ‘dualUL’. If this is supported as a UE capability, applying to both or only for dual UL can be discussed further.
· Regarding Option 4, we have the similar view on the first three FFSs. However, we believe that Rel-17 UL Tx switching should be prerequisite for Rel-18 UL Tx switching. According to Option 4, UE may restrict supporting UL Tx switching for some of band pairs, though such restriction is not supported even in Rel-17. If this is correct understanding, we don’t see the motivation of introducing such restrictions as in Option 4 (so, it can be removed).

In this perspective, we propose to revise WA as follows.
	Revised 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: 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: 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
· Other options are not precluded
· Note: Rel-18 UL Tx switching should cover all switching cases which are supported in Rel-17
· Note: Above option(s) can be applied for both 3 and 4 bands cases, if supported



Proposal #2: Revise the WA as follows.
· Remove Option 4
· Add the following Notes and remove FFSs which is related to the Note
· Note: Rel-18 UL Tx switching should cover all switching cases which are supported in Rel-17.
· Note: Above option(s) can be applied for both 3 and 4 bands cases, if supported.

Regarding Option 3, we have following observations.
· Additional preparation time would be required only for the switching cases newly introduced in Rel-18 (e.g., switching cases involved with more than 2 bands).
· The length of additional preparation time can be a UE capability. In addition, we prefer to discuss on whether/how long the additional preparation time (if needed) in RAN1 perspective only.
· In Rel-17, after the first Tx switching is triggered, it is not allowed to trigger the second Tx switching during the preparation time. At least the same limitation could be inherited in Rel-18 UL Tx switching. However, depending on how long additional preparation time is required, we can discuss on the need of a certain type of interruption during the preparation time. To this end, proponents would need to clarify first what interruption time is needed. 
· In Rel-17, the minimum interval between two succeeding Tx switching is 1 slot based on the highest SCS among the SCSs corresponding to the active BWPs on two carriers before and after Tx switching. In Rel-18, some switching cases which were not existed in Rel-17 can be introduced and (per our understanding) this is the main motivation of introducing the additional preparation time. In other words, an additional preparation time can be specified only to the specific switching case, not for all. In this perspective, the minimum interval between two succeeding Tx switching can be defined per specific switching case separately. As an example, for switching case with 2 bands, the same minimum interval as Rel-17 (i.e., 1 slot) could be applied also in Rel-18. However, for switching cases with 3 bands or 4 bands, it seems to be reasonable to adopt the larger minimum interval between two succeeding Tx switching. 

Proposal #3: Additional preparation time (as a UE capability) can be supported only for the switching cases newly introduced in Rel-18.
Proposal #4: The minimum interval between two succeeding Tx switching should be defined separately depending on the number of bands involved with the Tx switching. 

3. General issues on UL Tx switching across 3 or 4 bands
In [2], an agreement on Rel-18 UL Tx switching in RAN2#119-e meeting was captured as shown below.
	Agreement
· 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.


Although there has not been a direct inquiry to RAN1, we think these listed as potential issues in RAN2 need to be discussed in RAN1.

· UE capability and RRC configuration on Tx switching option
For the UL Tx switching in Rel-17, a UE may report the capability signalling uplinkTxSwitching-OptionSupport to indicate whether the UE support simultaneous UL transmissions on two bands (i.e., report one of the options between {‘switchedUL’, ‘dualUL’, both}). It is noted that this capability signalling is reported per BC (band combination). Then the gNB can inform the UE by RRC that which option is configured for the UL Tx switching of the UE. 
When the UL Tx switching occurs across 4 bands, those bands can be composed of two different BCs. For example, band A and band B are associated with one BC (BC#1), and band C and band D are associated with another BC (BC#2). At this time, if a UE is configured with the UL Tx switching across those 4 bands (i.e., A, B, C, and D) and the UE reports ‘switchedUL’ for BC#1 and ‘dualUL’ for BC#2, the gNB may need to select which option is to be configured for the UL Tx switching across these 4 bands. Simply, the gNB may configure ‘switchedUL’ to the UE for the UL Tx switching even for BC#2 in conservative way. However, it would be better to configure ‘dualUL’ for the BC#2 to enable simultaneous UL transmissions on band C and band D. In this respect, it may be necessary to discuss how to configure the options for the UL Tx switching across multiple bands belonging to multiple BCs.

Proposal #5: Discuss how to configure one of options between {‘switchedUL’, ‘dualUL’} when UL Tx switching is configured for a set of bands belonging to multiple different band combinations.

· The location of switching period for UL Tx switching over 3 or 4 bands
In Rel-17, the location of the switching period can be determined through RRC configuration. For UL Tx switching across more than 2 bands in Rel-18, there should be investigated on how to indicate one carrier (or band) in which the switching period is applied among 3 or 4 bands. Simply, the location of switching period can be configured per each switching case or per band combination through RRC configurations. However, it would increase the RRC signalling overhead since there may be a lot of switching cases in Rel-18 UL Tx switching. As an alternative method, the location of switching period can be pre-defined to the carrier/band in which Tx chain is switched from (aka switch-from band) or Tx chain is switched to (aka switch-to band). Such a pre-defined rule can avoid RRC signalling impact and can be applied regardless of the number of bands configured for UL Tx switching.

Proposal #6: The location of switching period for Rel-18 UL Tx switching can be pre-defined as the switch-from band or switch-to band. 

· Ambiguous case handling for UL Tx switching over 3 or 4 bands
In Rel-17, if the state of Tx chains after Tx switching is not unique, the RRC parameter uplinkTxSwitching-DualUL-TxState can be used to handle such ambiguous case. This parameter can be configured as ‘oneT’ or ‘twoT’, where ‘oneT’ indicates 1 Tx is assumed to be supported on each of two bands and ‘twoT’ indicates that 2 Tx is assumed to be supported on the configured band. It is noted that the one simple parameter is sufficient for each ambiguous case in Rel-17 since there are at most two candidates to be selected as the state of Tx chain after Tx switching. Such handling principle can be straightforwardly extended to Tx switching across more than 2 bands. However, for each (possible) ambiguous case in Rel-18, there may be three or four candidates to be selected as the state of Tx chain after switching. To resolve this, a new RRC parameter can be introduced to select one state when the Tx state after Tx switching is not unique. For instance, the new parameter can be used to indicate one of Tx states when the states of Tx chain after Tx switching is not unique and the existing parameter is configured as ‘oneT’, since there are no more ambiguous states when the existing parameter is configured as ‘twoT’ even in Rel-18. Alternatively, a pre-defined rule can be defined as complementary to existing RRC parameter uplinkTxSwitching-DualUL-TxState rather than introducing new RRC parameter. For example, where uplinkTxSwitching-DualUL-TxState is configured as ‘oneT’, the state minimizing the number of Tx chains to be switched can be selected after Tx switching. 

Proposal #7: Reuse uplinkTxSwitching-DualUL-TxState to handle the ambiguous cases in Rel-18 UL Tx switching. In addition, a new RRC parameter or a pre-defined rule can be considered to determine one state of Tx chain when the states of Tx chains after Tx switching is not unique even configured with uplinkTxSwitching-DualUL-TxState. 

4. Other issues on UL Tx switching across 3 or 4 bands
· Simultaneous UL transmission on more than 2 bands 
One more thing to be considered is whether to allow scheduled/configured UL transmissions on more than two bands simultaneously. Unlike Rel-17, since the number of configured bands is larger than the number of Tx chains for a UE in Rel-18, not allowing to configure/schedule UL transmissions over more than two bands would be too restrictive from gNB perspective, and it may reduce performance gain obtainable from 3 or 4 bands. In our view, allowing for gNB to configure/schedule more than two concurrent ULs and selecting up to two of them for actual transmission by UE based on the existing priority in the spec, would be useful in terms of scheduling flexibility without additional UE complexity. Note that this is not the proposal to configure or indicate some prioritized bands/carriers for the purpose of Tx switching, but not to restrict UL scheduling/configuration on the configured bands/carriers to the UE. For example, when simultaneous UL transmissions occur on three bands (e.g., one scheduled UL on band A, another scheduled UL on band B and other UL configured by RRC on band C), if one or two of UL transmissions on specific band(s) has higher priority than others, the UL Tx switching can be occurred. As an example, for the case where one Tx chain is on band A and another Tx chain is on band B, when two 1-port PUSCH transmissions are scheduled on band A and band C while periodic SRS is configured on band B, the UL Tx switching can be occurred in band B and band C since PUSCH on band C has higher priority than P-SRS on band B. However, as an opposite case, if the UL transmission on band B has higher priority than the UL on band C, the UL Tx switching may not be occurred. 

Proposal #8: Consider additional UL Tx switching conditions to handle the case when simultaneous UL transmissions occur on more than 2 bands (e.g. based on the priority of the transmitted UL channels).

5. Conclusions
In this contribution, several aspects on UL Tx switching scheme among multiple bands in Rel-18 were discussed, and the followings are proposed.
Proposal #1: Complexity reduction options for UL Tx switching across 3 or 4 bands can be supported as a UE capability. 
Proposal #2: Revise the WA as follows.
· Remove Option 4
· Add the following Notes and remove FFSs which is related to the Note
· Note: Rel-18 UL Tx switching should cover all switching cases which are supported in Rel-17.
· Note: Above option(s) can be applied for both 3 and 4 bands cases, if supported.
Proposal #3: Additional preparation time (as a UE capability) can be supported only for the switching cases newly introduced in Rel-18.
Proposal #4: The minimum interval between two succeeding Tx switching should be defined separately depending on the number of bands involved with the Tx switching. 
Proposal #5: Discuss how to configure one of options between {‘switchedUL’, ‘dualUL’} when UL Tx switching is configured for a set of bands belonging to multiple different band combinations.
Proposal #6: The location of switching period for Rel-18 UL Tx switching can be pre-defined as the switch-from band or switch-to band. 
Proposal #7: Reuse uplinkTxSwitching-DualUL-TxState to handle the ambiguous cases in Rel-18 UL Tx switching. In addition, a new RRC parameter or a pre-defined rule can be considered to determine one state of Tx chain when the states of Tx chains after Tx switching is not unique even configured with uplinkTxSwitching-DualUL-TxState. 
Proposal #8: Consider additional UL Tx switching conditions to handle the case when simultaneous UL transmissions occur on more than 2 bands (e.g. based on the priority of the transmitted UL channels).
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