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Introduction
In RAN94e meeting, WID on multi-carrier enhancements for NR was approved [1] and UL Tx switch is one study item in this WID, as shown in the following:
	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



In this document, UL Tx switching is discussed.
Discussion 
For multi-carrier UL transmission, 2Tx UE can be configured with up to 2 UL bands and UL Tx switching can be performed between the 2 UL bands. UL band other than the 2 UL bands can be reconfigured by RRC only. WID on multi-carrier enhancements for NR strives to study dynamic UL Tx switching among more than 2 UL bands. However, it is not clear how much gain from dynamic UL Tx switching can be achieved. Comparing with 2Tx transmission in one band, 2Tx UL switching between one lower band and one higher band can provide both reliable transmission and high data rate and benefit is clear. However, comparing with 2Tx UL switching between two bands, 2Tx UL switching among more than two bands may provide flexibility of scheduling, but the gain from flexible scheduling is not clear, in other words, When and how frequent existed 2 UL Tx chains cannot provide transmission resource and have to switch to one or two band except existed one or two bands. So, during study stage, we’d better identify the realistic use case and significant gain firstly.
Proposal 1: The study stage should identify the realistic use case and justification gain from UL 2Tx switching among more than two bands.
Meanwhile, Similar as Rel-16 and 17 UL Tx switching, UL 2Tx switching among more than two bands requires UE to change Tx chain dynamically and switch time and implementation enhancement is required. If we take multiple TAG configurations into account, additional specification and implementation complexity can be expected. From perspective of gNB, scheduling strategy in 3 or 4 bands is not more complex than scheduling strategy in 2 bands, e.g. band selection. So, during study stage, we also need to evaluate spec workload and complexity of UE and gNB implementation.
Proposal 2: The study stage decision should take into account the spec workload and complexity of UE and gNB implementation for UL 2Tx switching among more than two bands.
If UL 2Tx switching among more than two bands is supported, the scope, including band combination, upper limit of port and carrier per band should be identified firstly.

In Rel 16 UL Tx switching, EN-DC, inter-band CA and SUL case were considered and In Rel 17 UL Tx switching, inter-band CA and SUL case were considered. For Rel 18 UL Tx switching, inter-band CA should be the highest priority to be considered due to in future deployment, inter-band CA is the most major use case. And considering limited TU for this item, we need to focus on limited use case.
Proposal 3: Inter-band CA takes priority in support of UL 2Tx switching among more than two bands.
In Rel-16 and Rel-17, Tx switching from up to two bands to up to two ports for one band is supported. In Rel-18, both Tx switching from one band to another band and Tx switching from up to two bands to up to two ports for one band should be supported. For any NR band, up to two ports in the NR band can be supported when only one NR band is linked.
Proposal 4: Both Tx switching from one band to another band and Tx switching from up to two bands to up to two ports in one band should be supported. 
Proposal 5: When only one NR band is linked, up to two UL ports in the NR band can be supported.
In Rel-17, up to two continuous carrier per NR band has been supported for UL Tx switching. So, it is a starting point for Rel-18 UL Tx switching that up to two carriers is for NR band and the carriers must be contiguous when carrier number per NR is 2.
Proposal 6: Rel-18 UL Tx switching involves up to two carriers in a NR band. When there are exactly two carriers being involved in the band, the RAN1 starting point for the study is to assume the two carriers are contiguous.
Conclusions
In this contribution, we discuss scenario of UL Tx switch with the following proposals:
Proposal 1: The study stage should identify the realistic use case and justification gain from UL 2Tx switching among more than two bands.
Proposal 2: The study stage decision should take into account the spec workload and complexity of UE and gNB implementation for UL 2Tx switching among more than two bands.
Proposal 3: Inter-band CA takes priority in support of UL 2Tx switching among more than two bands.
Proposal 4: Both Tx switching from one band to another band and Tx switching from up to two bands to up to two ports in one band should be supported. 
Proposal 5: When only one NR band is linked, up to two UL ports in the NR band can be supported.
Proposal 6: Rel-18 UL Tx switching involves up to two carriers in a NR band. When there are exactly two carriers being involved in the band, the RAN1 starting point for the study is to assume the two carriers are contiguous.
Reference
 [1] RP-213577, New WID on Multi-carrier enhancements, NTT DOCOMO, INC.




1

