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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
· 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

Discussion
In RAN1#110bis-e meeting, the following working assumption were made.
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

As for UL Tx switching scheme across up to 4 bands, it would bring the performance gain as more frequency selective gain would be achieved compared to Tx switching across up to 2 bands. In addition, if the number of bands where UL Tx can be dynamically switched is increased, flexibility to select UL band would be also increasing so that offloading for UL traffic would be easily realized. RRC reconfiguration can be also realized to flexibly select multiple UL bands. However, it would be expected that an UL Tx switching period is shorter than a period of RRC reconfiguration. With the dynamic Tx switching and efficient resource utilization, higher UL throughput would be expected by applying UL Tx switching across up to 4 bands.
If Rel-18 UL Tx switching for 3 or 4 bands is supported, it would be straightforward to support both Switched UL and Dual UL for 3 or 4 bands, unless significant implementation complexity would occur when both Switched UL and Dual UL are supported.
Proposal 1: RAN1 should confirm the following working assumption
· Specify UL Tx switching schemes across up to 4 bands in Rel-18

Proposal 2: RAN1 should confirm the following working assumption
· If Rel-18 UL Tx switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported

In RAN1#110bis-e meeting, the following agreement was made.
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

There were further alternatives regarding restriction of the minimum number of bands to support up to 2 ports UL transmission. Higher performance gain would be expected if a lot of bands support up to 2 ports UL transmission due to increasing flexibility of UL band usage. However, UE complexity would be also increased in such case. Some UEs support all bands for up to 2 ports UL transmission to achieve high performance gain, while other UEs doesn’t support band for up to 2 ports UL transmission to reduce complexity. Considering flexible UE implementation, we prefer no restriction for the minimum number of bands which support up to 2 ports UL transmission.
Proposal 3: For a case that UE is allowed to support only some of band(s) for up to 2 ports UL transmission based on UE capability, Alt 1 (no restriction for both switched UL and dual UL and for both 3 bands and 4 bands) should be supported

[bookmark: _Hlk47386123]Conclusions
The following Proposals were made in this contribution 
Proposal 1: RAN1 should confirm the following working assumption
· Specify UL Tx switching schemes across up to 4 bands in Rel-18

Proposal 2: RAN1 should confirm the following working assumption
· If Rel-18 UL Tx switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported

Proposal 3: For a case that UE is allowed to support only some of band(s) for up to 2 ports UL transmission based on UE capability, Alt 1 (no restriction for both switched UL and dual UL and for both 3 bands and 4 bands) should be supported
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