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Introduction
In this contribution, we share our initial view on enhancements for multi-carrier UL operation, which scope is defined as below:
 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
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Potential scenarios and use cases for UL dynamic Tx switching
The benefit of dynamic Tx carrier switching needs to be revealed since this WI starts from study phase and the necessity needs to be justified first. In this section, we discuss a couple of use cases for this scheme.
Tx switching with unaligned UL slot timing
In NR TDD (unpaired spectrum), the UL/DL slot configuration can be flexibly configured, and it can be updated with semi-static and dynamic manner. Thus, from L1 and L2 point of view, it is possible to adopt UL/DL slot configurations which UL position is not aligned among CCs, as shown in Figure 1.
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Figure 1. Example of Tx switching between carriers with unaligned UL slot timing
Under such a configuration, UL dynamic carrier switching helps to make the maximum use of available Tx chains at a UE: a Tx chain on a carrier with DL slot cannot be utilized and it should be temporarily switched to other CC with UL slot. Then, UL carrier switching would be clearly useful and remarkable gain can be obtained, i.e. no simulation campaign is necessary for this scenario. On the other hand, the feasibility of this use case is a bit questionable and RAN1 needs to discuss a couple of issues below to achieve the group’s common understanding:
· Necessity of dynamic switching mechanism: RRC-based switching would be enough if the UL/DL slot is (almost) fixed from UE perspective. RAN1 needs more discussion on when dynamic control is required. We think the availability of full duplex to be studied in another Rel-18 SI would be important and this aspect should be considered in this agenda as well. 
· Feasibility of simultaneous Tx/Rx among CCs at a UE: there is no benefit to apply unaligned UL/DL slot configurations if the UE does not support simultaneous Tx/Rx capability among the bands. Then, there is a risk where the spectrum is not fully used because of the legacy UEs that are incapable of simultaneous Tx/Rx. The feasibility of simultaneous Tx/Rx and the impact to legacy UEs should be studied. 
· Feasibility of unaligned UL slot among CCs from operation perspective: TDD UL/DL slot configuration is determined considering the coexistence with adjacent system/operators. Hence, it is not allowed/easy for some countries/regions to apply different configurations from the predetermined one, which is typically aligned among frequency bands. The feasibility of unaligned UL slot among CCs should be assessed before entering normative phase. 
Observation 1:
Dynamic Tx carrier switching is beneficial for the scenario where the UL slot timing for each CC is not aligned
· Simulation based study is not necessary for this scenario, but RAN1 should discuss the validity of this scenario especially from the following aspects
· Necessity of dynamic switching mechanism
· Feasibility of simultaneous Tx/Rx among CCs at a UE
· Feasibility of unaligned UL slot among CCs from operation perspective
Tracking to fast-varying channel 
In the case where all the UL slot position for each CC is aligned as in Figure 2, dynamic Tx carrier switching may be beneficial because scheduling gain may be obtained under fast fading channels. Note that RRC based switching would be sufficient for slow fading conditions. RAN1 needs simulation campaign because the achievable gain highly depends on the scheduler policy.
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Figure 2. Example of Tx switching between carriers with aligned UL slot timing

Observation 2
Dynamic Tx carrier switching might be beneficial for the scenario where the UL slot timing for each CC is aligned
· Simulation based study is needed to reveal the gain of dynamic Tx carrier switching
Design principle of dynamic Tx carrier switching
While the RAN1 will focus on the study to assess the benefit of dynamic Tx carrier switching, we should also look at the specification design of this scheme for the efficient use of allocated TUs. For this purpose, we summarize our high-level view on the design principle below, and the details are described in the subsequent subsections. 
Observation 3
The following should be considered as a design principle of dynamic Tx carrier switching 
· Scalability for the number of UE Tx chains (i.e. more than 2 in the future release)
· Scalability for the number of UL carriers (i.e. more than 5 in the future release)
· Necessity to support UL carriers more than that of DL
· Support of multi-layer transmission achieved by switching operation, i.e. two Tx chains can be dynamically allocated to a single CC
· Support of asynchronous NR-DC as well as synchronous NR-DC and NR-CA
Scalability for the number of UE Tx chains (i.e. more than 2 in the future release)
As discussed in RAN#95-e, support of 3Tx chains (for smartphone) drew a big attention from operators, but it was not approved unfortunately due to a concern on workload in RAN4. Nevertheless, it is expected that this would be commenced in the near future. Thus, the dynamic Tx carrier switching scheme will be required to support 3 Tx chains then, and the scalability should be considered in Rel-18 design even though the WID mentions that the target number of Tx chain is restricted to 1 or 2. 
Scalability for the number of UL carriers (i.e. more than 5 in the future release)
Similar to the discussion in the previous subsection, we believe, soon or later, support of 5 carrier would be required for dynamic Tx carrier switching scheme because RAN4 has already started their work on 5CC NR-CA. Thus, the scalability of the number of UL carriers should be taken into consideration. 
Necessity of UL carriers more than that of DL
The WID mentions that “Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier” and this sentence may imply that the number of UL carriers may be greater than that of DL. We however see the need of more discussion in RAN1 because this just complicates the specification as well as UE implementations. 
Support of multi-layer transmission achieved by switching operation, i.e. two Tx chains can be dynamically allocated to a single CC
In Rel-16 and 17, uplink switching scheme has already specified and it supports rank2 transmission by the Tx switching. This means that dynamic Tx carrier switching in Rel-18 should also support multi-layer transmission at a CC by borrowing two Tx chain from other CCs. 
Support of asynchronous NR-DC as well as synchronous NR-DC and NR-CA
Dynamic Tx carrier switching scheme should support NR-CA because CA one of the most important features for NR, especially in Rel-18 era. We also think NR-DC is also important in some deployment scenarios, but the problem is that NR-DC allows asynchronous operation between CGs, which will complicate the specifications of switching mechanism. This aspect requires further discussion in RAN1. 

Summary and Conclusion
Given the observations in section 2, we propose the following: 
Proposals
RAN1 to consider the following use cases for the study of UL dynamic carrier switching 
· UL slot timing for each CC is not aligned
· Simulation based study is not necessary for this scenario, but RAN1 should discuss the validity of this scenario especially from the following aspects
· Necessity of dynamic switching mechanism
· Feasibility of simultaneous Tx/Rx among CCs at a UE
· Feasibility of unaligned UL slot among CCs from operation perspective
· UL slot timing for each CC is aligned
· Simulation based study would be needed to reveal the gain of dynamic Tx carrier switching
Consider the following as a design principle of dynamic Tx carrier switching
· Scalability for the number of UE Tx chain (i.e. more than 2 in the future release)
· Scalability for the number of UL carriers (i.e. more than 5 in the future release)
· Necessity to support UL carriers more than that of DL
· Support of multi-layer transmission achieved by switching operation, i.e. two Tx chains can be dynamically allocated to a single CC
· Support of asynchronous NR-DC as well as synchronous NR-DC and NR-CA
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