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Introduction
3GPP Rel-17supports UE Tx-switching with up to two simultaneous carriers. One of the objectives for Rel-18 is to support up to four carriers with the limitation that only up to two are used simultaneously [1]. 

WI objective 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
· 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  

Discussion
In RAN1#109 the following agreement was made:
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

Alt.1 is the only alternative that potentially can harvest the full potential of having 3 or 4 bands available. Concerns may be signalling to configure the UE dynamically, which, may require some additional overhead and possible limitations caused by long switch duration indicated in [2].
Alt.2 is an approach where Rel-17 signalling is reused. Further investigation to show how much of the potential capacity that can be reached is needed. 
Alt.3 similarly to Alt.2 will cause some limitation to the dynamical behavior in addition to additional signaling that may limit the performance. 

To harvest the potential of the available channels we believe that Alt 1 is the most relevant. 
Observation 1: To harvest the potential of the available channels we believe that Alt 1 is the most relevant.

To achieve a dynamic behavior with as little overhead as possible a band prioritization rule could potentially be shared by the gNB in a higher layer rather than dynamic indications. This would enable the UE to autonomously perform the switching, while maintaining the predictability in its switching. 
Observation 2: To achieve high dynamic behavior with little overhead, band switching rules can be shared with the UE for autonomous switching. 

Potentially a set of different rules can be defined whereas the gNB refer to one of them when it configures the UE. This will also enable the UE to use optimal UE antenna configurations as gives predictability over what band combinations that will be used.

When it comes to the switch duration, an LS was sent to RAN4 for further clarification. From our internal investigation the switch duration is proportional to the frequency difference the UE need to switch, rather than the number of carriers. Further, the switch duration is caused by the PLL and the lock-in time depend on how far the VCO needs to be tuned. 
In any case, in our opinion, this seem to be an implementation issue, and multiple solutions to achieve a lower settling time are available, e.g. current injection techniques or the use of multiple PLLs. 
As a compromise, it would be wise to continue the support of various UE implementations and as the UE already in Rel-17 indicate the duration for Tx switching among various band combinations. This will allow the gNB to schedule accordingly.
Observation 3: Switch duration between frequency carriers appears to be implementation specific and is already in Rel-17 shared as a capability.

Based on the observations we make the following proposals
Proposal 1: We propose to go ahead with Alt 1, with a higher layer switching rule indication to enable the UE to do autonomous switching among 3 or 4 carriers. 
Proposal 2: Unless RAN4 conclude that switch duration is a problem, we encourage 3GPP to continue this work.


[bookmark: _Hlk47386123]Conclusions
Here we list the Observations and Proposals made in this contribution 
Observation 1: To harvest the potential of the available channels we believe that Alt 1 is the most relevant.
Observation 2: To achieve high dynamic behavior with little overhead, band switching rules can be shared with the UE for autonomous switching.
Observation 3: Switch duration between frequency carriers appears to be implementation specific and is already in Rel-17 shared as a capability.
Proposal 1: We propose to go ahead with Alt 1, with a higher layer switching rule indication to enable the UE to do autonomous switching among 3 or 4 carriers. 
Proposal 2: Unless RAN4 conclude that switch duration is a problem, we encourage 3GPP to continue this work.
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