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1	Introduction 

UL Tx switching was first introduced in 3GPP Rel-16 as a new feature to enhance inter-band EN-DC, inter-band UL CA, and SUL operations [1], where the switching is either between (1Tx + 1Tx) and (0Tx + 2Tx) or (1Tx + 0Tx) and (0Tx + 2Tx) for two UL carriers in two corresponding bands. In Rel-17 the feature was extended to cover switching among (1Tx + 1Tx), (0Tx + 2Tx), and (2Tx + 0Tx) for inter-band UL CA and SUL operations [2], where the switching is still limited to between two UL bands. To further enhance UL performance with multi-carrier operation, UL Tx switching schemes across up to 3 or 4 bands have been included as one of the objectives in Rel-18 multi-carrier enhancements WID [3]. While the feature is being developed among RAN1, RAN2, and RAN4 working groups and RAN4 core requirements had been declared as closed in June plenary meeting [4], up till August RAN4 meeting, there were still many remaining open issues associated with the 4-band configuration which do not seem to have immediate solutions and may hinder the completion of Rel-18 UL Tx switching feature. On the other hand, in the process of analysing the complexity of UL Tx switching among 3 and 4 bands, we realized that the potential switching scenarios would grow exponentially with the number of bands which include the switchedUL and dualUL switching already introduced in Rel-16 and Rel-17 for a single band pair and the new switching scenarios specific to 3 bands and 4 bands. As supporting the new switching scenarios may have the implications on new UE RF requirements and new UE capability signalling design, it is proposed to limit the scope of Rel-18 UL Tx switching feature to only among 3 bands to avoid the outgrown complexity by introducing 4-band switching in parallel and to postpone the 4-band switching feature to Rel-19 multi-carrier enhancement WID in order to allow RAN4 more time to sort out the solutions for the remaining open issues.                 
2	Discussion 

For Rel-18 UL Tx switching feature, despite the RAN4 core requirements has been declared as closed in June plenary meeting [4], up till August RAN4 meeting, there were still many remaining open issues associated with the 4-band configuration as summarized below, which do not seem to have immediate solutions and may hinder the completion of Rel-18 UL Tx switching feature.

1. Switching time may be different for the same band pair under different 4-band configurations [5]. For example, switching time could be different for A <-> B and A<-> C between A-B-C-D and A-B-C-E 4-band configurations.
2. The switching time for 4-band switching (A-B-C-D) has been assumed by RAN4 as max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C} which could be rather inefficient as certain switching pairs may have shorter switching time [5].
3. 4-band switching involves only 1Tx-1Tx + 1Tx-1Tx where the 1Tx-1Tx switching time could be different from 1Tx-2Tx or 2Tx-2Tx for the same band pair.
4. 4-band switching time mask has not yet been specified in the recent endorsed RAN4 CR [6].
5. Dual-SUL 4-band switching may involve (NUL1+NUL2) to (SUL1+SUL2) switching where NUL1-SUL1 and NUL2-SUL2 switching time can only be 0 μs which however would not be feasible in a 4-band configuration switching.  
The last open issue was also causing the disapproval of the endorsed RAN4 CR [6] in June plenary meeting and further controversial views in August RAN4 meeting which had resulted in two versions of CRs [7,8], though both of which were not pursued by the end of the meeting.   

Observation 1: Up till August RAN4 meeting, there were still many remaining open issues associated with the 4-band configuration which do not seem to have immediate solutions and may hinder the completion of Rel-18 UL Tx switching feature.

Observation 2: The dual-SUL 4-band switching feature was causing the disapproval of the endorsed RAN4 CR in June plenary meeting and further controversial views in August RAN4 meeting.

Additionally, in the process of analysing the complexity of UL Tx switching among 3 and 4 bands, we realized that the potential switching scenarios would grow exponentially with the number of bands which include the switchedUL and dualUL switching already introduced in Rel-16 and Rel-17 for a single band pair and the new switching scenarios specific to 3 bands and 4 bands, as elaborated below.

Rel-16 UL Tx switching scenarios
UL Tx switching was first introduced in 3GPP Rel-16 as a new feature to enhance inter-band EN-DC, inter-band UL CA, and SUL operations [1], where there can only be two switching scenarios as summarized in Figure 2-1.
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Figure 2-1 Rel-16 UL Tx switching scenarios

Rel-17 UL Tx switching scenarios
The Rel-17 feature was extended to cover the 2Tx to 2Tx switching and the new switching scenarios are further summarized in Figure 2-2.
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Figure 2-2 Rel-17 new UL Tx switching scenarios



Rel-18 3-band UL Tx switching scenarios
To further enhance UL performance with multi-carrier operation, UL Tx switching schemes across up to 3 or 4 bands have been considered as one of the objectives in Rel-18 multi-carrier enhancements WID [3]. For switching among 3 bands, not only each of the 3 band pairs (A-B, A-C, B-C) would support the 5 switching scenarios introduced in Rel-16 and Rel-17, there are also potentially 6 new switching scenarios specifically for switching among 3 bands which are summarized in Figure 2-3.
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Figure 2-3 New UL Tx switching scenarios specifically for among 3 bands

As a result, there would be total of 21 potential switching scenarios (3x5 + 6 = 21) for switching among 3 bands. On the other hand, the new switching scenarios as shown in Figure 2-3 may have the implications on new UE RF requirements and new UE capability signalling design.  
  
Rel-18 4-band UL Tx switching scenarios
For switching among 4 bands, not only each of the 6 band pairs (A-B, A-C, A-D, B-C, B-D, C-D) would support the 5 switching scenarios introduced in Rel-16 and Rel-17, each of the 3-band combinations (A-B-C, A-B-D, A-C-D, B-C-D) would also support the 6 new switching scenarios specifically for among 3 bands. Furthermore, there are also 3 new potential switching scenarios specifically for switching among 4 bands which are summarized in Figure 2-4.
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Figure 2-4 New UL Tx switching scenarios specifically for among 4 bands

As a result, there would be total of 57 potential switching scenarios (6x5 + 4x6 + 3 = 57) for switching among 4 bands. Likewise, the new switching scenarios as shown in Figure 2-4 may also have the implications on new UE RF requirements and new UE capability signalling design which are further different from the new requirements specifically for among 3 bands.

Observation 3: The potential switching scenarios would grow exponentially with the number of bands.

Observation 4: For UL Tx switching among 4 bands, there are potentially total of 57 switching scenarios.

In consideration of the plenteous open issues associated with the 4-band configuration and that supporting the new switching scenarios may have the implications on new UE RF requirements as well as new UE capability signalling design, it is proposed to limit the scope of Rel-18 UL Tx switching feature to only among 3 bands to avoid the outgrown complexity by introducing 4-band switching in parallel and to postpone the 4-band switching feature to Rel-19 multi-carrier enhancement WID in order to allow RAN4 more time to sort out the solutions for the remaining open issues.

Proposal 1: Limit the scope of Rel-18 UL Tx switching feature to only among 3 bands to avoid the outgrown complexity by introducing 4-band switching in parallel.     

Proposal 2: Postpone the 4-band UL Tx switching feature to Rel-19 multi-carrier enhancement WID in order to allow RAN4 more time to sort out the solutions for the remaining open issues.
            
3	Conclusion

In this contribution, we propose to limit the scope of Rel-18 UL Tx switching feature to only among 3 bands to avoid the outgrown complexity by introducing 4-band switching in parallel and to postpone the 4-band switching feature to Rel-19 multi-carrier enhancement WID in order to allow RAN4 more time to sort out the solutions for the remaining open issues.

Observation 1: Up till August RAN4 meeting, there were still many remaining open issues associated with the 4-band configuration which do not seem to have immediate solutions and may hinder the completion of Rel-18 UL Tx switching feature.

Observation 2: The dual-SUL 4-band switching feature was causing the disapproval of the endorsed RAN4 CR in June plenary meeting and further controversial views in August RAN4 meeting.

Observation 3: The potential switching scenarios would grow exponentially with the number of bands.

Observation 4: For UL Tx switching among 4 bands, there are potentially total of 57 switching scenarios.

Proposal 1: Limit the scope of Rel-18 UL Tx switching feature to only among 3 bands to avoid the outgrown complexity by introducing 4-band switching in parallel.     

Proposal 2: Postpone the 4-band UL Tx switching feature to Rel-19 multi-carrier enhancement WID in order to allow RAN4 more time to sort out the solutions for the remaining open issues.
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