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1. Introduction
At the RAN#94e meeting, a new WID on Multi-carrier enhancements (NR_MC_enh) was approved and it was revised at the RAN#95e meeting [1]. At the RAN#95e meeting, additional note for this WID was agreed in [2] which will be added in the next WID revision. The objectives of the core part WI are shown below.
	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



At the RAN1#109-e meeting, target scenarios for Rel-18 UL Tx switching were discussed. It was concluded that EN-DC cases and UL only cell cases are out of scope for Rel-18 UL Tx switching. However, regarding inter-band UL CA with/without SUL and with/without intra-band contiguous carriers within a band, RAN1 could not achieve a consensus on whether each of these cases are target scenarios for Rel-18 UL Tx switching or not.
Considering the limited TUs and number of meetings for this WI [3], RAN plenary discussion and guidance seem to be necessary.

2. Discussion
In Rel-17 UL Tx switching, it was clarified in the WID objective that followings are target scenarios for Rel-17 UL Tx switching [4].
· Inter-band CA with switched UL (1 carrier in non-SUL band + 1 carrier in non-SUL band, no simultaneous transmission between two bands)
· Inter-band CA with dual UL (1 carrier in non-SUL band + 1 carrier in non-SUL band, simultaneous transmission between two bands is possible)
· Standalone SUL (1 carrier in SUL band + 1 carrier in corresponding NUL band, no simultaneous transmission between two bands)
· Inter-band CA with switched UL and intra-band two contiguous carriers within one of the bands (1 carrier in non-SUL band + 2 contiguous aggregated carriers in non-SUL band, no simultaneous transmission between two bands)
· Inter-band CA with dual UL and intra-band two contiguous carriers within one of the bands (1 carrier in non-SUL band + 2 contiguous aggregated carriers in non-SUL band, simultaneous transmission between two bands is possible)
· Standalone SUL with intra-band two contiguous carriers within non-SUL band (1 carrier in SUL band + 2 contiguous aggregated carriers in corresponding NUL band, no simultaneous transmission between two bands)

In Rel-18 UL Tx switching, switching across 3 or 4 bands is considered and hence following points may need to be considered to determine target scenarios.
· Whether any serving cell in UL CA can be configured with a SUL carrier or only up to one SUL carrier can be configured for each UE even in UL CA
· E.g., whether {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band} is possible and within target scenarios for Rel-18 UL Tx switching or not
· Whether UL transmission on SUL band and UL transmission on non-corresponding NUL band can be done simultaneously or not
· E.g., in case of {SUL band + corresponding NUL band} + non-SUL band with dual UL (where simultaneous transmission between non-SUL bands is possible), whether simultaneous transmission between SUL band and non-corresponding NUL band is possible or not
· Whether there can be more than one band with multiple carriers within a band or only one band out of 3 or 4 bands can have multiple carriers within a band
· Whether there can be more than two contiguous carriers within a band or only up to two contiguous carriers can be within a band
· Whether intra-band SUL+SUL carriers are possible or not
· E.g., whether 2 carriers in SUL band + NUL band corresponding to SUL carrier 1 + NUL band corresponding to SUL carrier 2 is possible or not
· Whether intra-band NUL+NUL carriers are possible or not
· E.g., whether SUL band + SUL band + 2 carriers in NUL band where each carrier corresponds to different SUL band is possible or not
· Whether intra-band SUL+NUL carriers are possible or not

According to the contributions and the discussion at RAN1#109-e meeting, following proposals were discussed but no consensus was achieved [5].
	Proposed working assumption
· If Rel-18 UL Tx switching is supported, both inter-band UL CA Option 1 (i.e., switched UL) and Option 2 (i.e., dual UL) are considered to define necessary mechanisms for UL Tx switching across 3 and 4 different bands
· Note: defining necessary mechanisms to support inter-band UL CA Option 1 and 2 without SUL is prioritized
· If Rel-18 UL Tx switching is supported, at least following inter-band UL CA + SUL scenarios are considered to define necessary mechanisms for UL Tx switching across 3 and 4 different bands in addition to inter-band UL CA without SUL scenarios in Rel-18
· {SUL band + corresponding NUL band} + other NUL band (if UL Tx switching across 3 different bands is supported)
· {SUL band + corresponding NUL band} + other NUL band + other NUL band (if UL Tx switching across 4 different bands is supported)
· Note: defining necessary mechanisms to support inter-band UL CA Option 1 + SUL is prioritized, and if extra necessary mechanisms specific to inter-band UL CA Option 2 + SUL are identified, they can be discussed if time allows

Proposed conclusion
· If Rel-18 UL Tx switching is supported, for Rel-18 UL Tx switching across up to 3 or 4 bands, it is RAN1’s understanding that there can be up to two contiguous carriers within a band, and the same state of Tx chain is applied to the intra-band two contiguous carriers within the band as in Rel-17
· It is RAN1’s understanding that the Rel-17 mechanism for checking the configuration of the two carriers in one band on whether/when a UL Tx switching occurs or not is reused for the Rel-18 UL Tx switching across up to 3 or 4 bands assuming that a single RF chain would cover both carriers in one band, and hence additional RAN1 impact compared with the case without intra-band contiguous carriers should be marginal or even nothing.
· Note: whether two contiguous carriers are restricted within a non-SUL band can still be discussed in RAN4



The main contentious point is whether/how to describe some restrictions regarding band type and/or number of bands/carriers in RAN1/2 specifications and how to proceed the work considering such restrictions. Some companies argued that RAN1/2 specifications should be described agnostic to those aspect as much as possible and such restrictions should be discussed/captured in RAN4 specifications e.g., as band combination and corresponding requirements. On the other hand, some other companies argued that target scenarios should be clarified first in the WID at the plenary and whether/how to describe such restrictions in RAN1/2 specifications should be case-by-case. Anyway, we believe that we should not consume WG TU for the discussion on which way we should take considering quite limited TUs for this WI. Therefore, we propose to make RAN guidance on how to proceed the work.
In our view, following points seem to be almost common views among companies.
· If Rel-18 UL Tx switching is supported, to define necessary mechanisms for UL Tx switching across 3 and 4 different bands, inter-band CA without SUL scenario can be considered as baseline scenario and both inter-band UL CA Option 1 (i.e., switched UL) and Option 2 (i.e., dual UL) are considered for the baseline scenario
· Additional scenarios such as the inter-band CA with SUL and the inter-band CA with intra-band contiguous carriers within a band can also be supported by the same mechanism for baseline scenario as long as no extra mechanism is necessary for the additional scenarios
· No necessary extra mechanism can be ensured at least for the following scenarios based on Rel-17 assumptions
· Inter-band UL CA Option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + other NUL band (if UL Tx switching across 3 different bands is supported)
· Inter-band UL CA Option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + other NUL band + other NUL band (if UL Tx switching across 4 different bands is supported)
· Intra-band two contiguous aggregated carriers within one non-SUL band out of 3 or 4 bands
For other potential scenarios, whether extra mechanism is necessary or not can be discussed after the discussion on the mechanism for the baseline scenario is progressed. In addition, even if it could be identified that no extra mechanism is necessary for some potential scenarios in terms of RAN1/2 specifications, whether RAN4 defines band combinations and/or corresponding requirements for such scenario is a separate discussion, and it is not within the scope of this WI according to the current WID. Therefore, it should be no problem to proceed the discussion to define necessary mechanisms for the baseline scenario.
Based on the above discussion, we propose the following.
Proposal:
RAN provides following guidances to RAN1/2/4.
· If Rel-18 UL Tx switching is supported, to define necessary mechanisms for UL Tx switching across 3 and 4 different bands, inter-band CA without SUL scenario can be considered as baseline scenario and both inter-band UL CA Option 1 (i.e., switched UL) and Option 2 (i.e., dual UL) are considered for the baseline scenario
· Additional scenarios such as the inter-band CA with SUL and the inter-band CA with intra-band contiguous carriers within a band can also be supported by the same mechanism for baseline scenario as long as no extra mechanism is necessary for the additional scenarios
· No necessary extra mechanism can be ensured at least for the following scenarios based on Rel-17 assumptions
· Inter-band UL CA Option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + other NUL band (if UL Tx switching across 3 different bands is supported)
· Inter-band UL CA Option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + other NUL band + other NUL band (if UL Tx switching across 4 different bands is supported)
· Intra-band two contiguous aggregated carriers within one non-SUL band out of 3 or 4 bands


3. Offline outcome

Proposal:
RAN provides following guidance to RAN1/2/4.
· If Rel-18 UL Tx switching is supported, 
· RAN1/2/4 shall work on defining necessary mechanisms and requirements for UL Tx switching across 3 or 4 different bands at least for following scenarios during Rel-18 timeframe
· 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
· Other scenarios as below can be discussed in RAN4#104e and RAN#97e
· {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
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