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1. Introduction
In LS R1-2302266 [1], RAN4 ask RAN1 one question on Rel-18 UL TX switching, as follows:
From RAN1 perspective, is it possible that the two Tx chains are switched concurrently between two different band pairs and with overlapping switching period? Two examples are given below:
· Example #1: In the case of 3-band Tx switching, the switching is performed from 1T+1T on band A and B to 2T on band C.
· Example #2: In the case of 4-band Tx switching, the switching is performed from 1T+1T on band A and B to 1T+1T on band C and D.
	


2. Discussion 
[bookmark: _GoBack]In RAN1#112 [2], it was discussed the TX switching determination for the case of two TX chains triggered to switch between two different band pairs. The corresponding proposal is as follows.
	Proposal 5-1:
· When a UE is triggered to perform TX switching between a band pair, and the start of the UL transmission after TX switching is T0, UE uses grants received before T0-Toffset to determine how to perform switching, where Toffset is the UE processing procedure time defined for the uplink transmission triggering.
· To determine the Toffset which is composed of N2 and Tswitch, the minimum SCS among the downlink carriers where DCI triggers the UL transmission for Tx switching is used as µDL and the minimum SCS among the UL carriers after Tx switching is used as µUL to determine N2,  additionally, the minimum SCS among the UL carriers involved in Tx switching is used as µUL to determine Tswitch
· If the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), when the two UL transmissions after TX switching are at least partially overlapped in time domain, UE perform it as one TX switching involving more than 2 bands, otherwise as twice of TX switching.
· For UE having capability to use Tx chain for transmission even during the switching performed at another Tx chain, if the two Tx chains are triggred to switch between two different band pairs (e.g., band A + band C->band B + band D), when there is time domain overlapping between two bands Tx switching period, UE perform it as one TX switching involving more than 2 bands, otherwise as twice of TX switching.


Taking the Example#2 in RAN4’s question as an example to explain one TX switching and twice of TX switching for two Tx chains triggered to switch between two different band pairs, assuming that the UE is operation on band A and band B, the first UL scheduling DCI schedules first 1-port UL transmission on band C (Transmission #1), and the second UL scheduling DCI schedules second 1-port UL transmission on band D(Transmission #2). For the case the two UL transmissions after TX switching are overlapping in time domain, to avoid the TX switching affecting the earlier UL transmissions, the UE shall perform once TX switching for both of Transmission #1 and Transmission #2 before the start of earlier UL transmissions. For the case the two UL transmissions after TX switching are not overlapping in time domain, two UL transmissions are independent and the UE shall perform the a first TX switching for the Transmission #1, and after the first TX switching, perform the second TX switching for Transmission #2. 
From the perspective of RAN1, RAN4’s question of ‘two Tx chains are switched concurrently between two different band pairs’ only refer to the first case, that a UE is triggered to perform TX switching for two different band pairs before the start of earlier UL transmissions of ‘switch-to’ band. 
Observation 1: From the perspective of RAN1, RAN4’s question of ‘two Tx chains are switched concurrently between two different band pairs’ only refer to the case a UE is triggered to perform TX switching for two different band pairs before the start of earlier UL transmissions of ‘switch-to’ band.
When two Tx chains are switched concurrently between two different band pairs, one TX switching period is for the TX switching between one band pairs, and another TX switching period is for the TX switching between another band pairs. For two TX switching periods for different band pairs, there are at least two alternatives in term of time relationship:
Alt 1: Two Tx switching for two different band pairs are in parallel, and two Tx switching periods are overlapping.
Alt 2: Two TX switching for two different band pairs are independent, two Tx switching periods can be overlapping or non-overlapping. 
For Alt.1, as shown in Figure 1, the UE performs the TX switching simultaneously from 1T on band A to 1T on band C, as well as from 1T on band B to 1T on band D. In this case, the switching periods for two different band pairs are overlapping totally, and start with same symbol. For Alt.2, as shown in Figure 2, the UE performs the TX switching from 1T on band A to 1T on band C, and from 1T on band B to 1T on band D independently. In this case, it’s totally up to UE implementation to determine the switching period location for each band pairs. Thus, two Tx switching periods for different band pairs can be overlapping or non-overlapping.


[bookmark: _Ref131632744]Figure 1: Two Tx switching for two different band pairs are in parallel


[bookmark: _Ref131632816]Figure 2: Two TX switching for two different band pairs are independent
Besides, RAN4 has achieved an agreed on switching gap for the case two Tx chains are switched between two different band pairs(as below agreement), the switching gap is based on the worst case by default, i.e. max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C}. Based on this agreement, the switching gap defined by RAN4 is sufficient for TX switching between neither of the two bands. In our view, if Alt.1 is adopt by RAN1 and RAN4, compared with Alt.2, it can reduce unnecessary interruption time for TX switching between two different band pairs. Therefore, from RAN1 perspective, when the two Tx chains are switched concurrently between two different band pairs, the switching periods for Tx switching between different band pairs are overlapping and start with the same symbol.
	Issue 2: Ambiguity issue when two Tx chains are switched between two different band pairs
For Rel-18 UL Tx switching among 4 bands, when switching from 1T+1T on band A and B to 1T+1T on band C and D is performed, and it is not clear whether UE performs Tx switching {from band A to C + B to D} or {from band A to D + B to C}, RAN4 agreed that:
· As baseline UE assumption, no need to resolve the ambiguity issue of the switching pattern for each Tx chain and determine the switching gap based on the worst case by default, i.e., neither of the two Tx chains is expected to be used for transmission during the maximum of the four switching periods, i.e., max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C}.
Note: Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C are the switching periods reported by the UE for band pair A&C, B&D,A&D and B&C, respectively.



Proposal 1: From RAN1 perspective, when the two Tx chains are switched concurrently between two different band pairs, the switching periods for Tx switching between different band pairs are overlapping and start with the same symbol.
3. Conclusion 
In this document, two Tx chains switched concurrently between two different band pairs and with overlapping switching period case is discussed. We provide the proposals as followings.

Observation 1: From the perspective of RAN1, RAN4’s question of ‘two Tx chains are switched concurrently between two different band pairs’ only refer to the case a UE is triggered to perform TX switching for two different band pairs before the start of earlier UL transmissions of ‘switch-to’ band.
Proposal 1: From RAN1 perspective, when the two Tx chains are switched concurrently between two different band pairs, the switching periods for Tx switching between different band pairs are overlapping and start with the same symbol.
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