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1. Background
In RAN4 LS [1], RAN4 ask RAN1 on following question. We provide our consideration in this paper.

	In addition, RAN4 would like to ask RAN1 one question: 
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. Switching cases
Rel-18 MC enhancement is on UL Tx switching among upto 4 bands and the switching cases are increased compared with Rel-17. In RAN1 #111 meeting, the following agreement includes all the switching cases when switching bands are increased to 3 or 4. To resolve the complexity issue, UE is allowed to only support some of the switching cases (i.e. concurrent transmission only for certain band pairs). 

	Agreement
For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, only switching cases (Tx chain states) with 2T are assumed
· Conclusion: In case of 3 bands, 3 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}) are assumed
· Conclusion: In case of 4 bands, 4 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}) are assumed
· Based on the assumption, the switching gap is required for every UL transmission with changing transmitting band from preceding transmission in this scenario

Agreement
For dual UL, if UE supports concurrent transmission on all band pairs and supports up to 2 ports UL transmission on all the bands in the band combination, all possible switching cases with 1T-1T and 2T are assumed
· In case of 3 bands, 6 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}, {1T, 1T, 0T}, {1T, 0T, 1T}, {0T, 1T, 1T}) are assumed 
· In case of 4 bands, 10 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}, {1T,1T,0T,0T}, {1T,0T,1T,0T}, {1T,0T,0T,1T}, {0T,1T,1T,0T}, {0T,1T,0T,1T}, {0T,0T,1T,1T}) are assumed




Once the UE reports the supported switching cases, network might ask UE to switch between any two cases and the switching period would be implemented accordingly. Below is the agreement when the switching period is to be required and all the Rel-18 new switching cases combination are included. The two switching cases combination in the RAN LS are also included as the 1st and 4th bullets of the following agreement. 
· 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.

	
Agreement
Following new conditions are applicable to dual UL only (i.e., not applicable to switched UL)
· When the UE is to transmit a 1-port or 2-port transmission on one uplink carrier on one band (1st band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (2nd and 3rd band) 
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 2T on a carrier on another band (3rd band) 
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on one of the bands and another different band (1st or 2nd band, and 3rd band)
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (3rd and 4th band)




Observation: the two switching cases in the RAN4 LS are allowed from RAN1 perspective.

3. Switching gap
RAN4 defined the switching period per band pair and there would be ambiguity when switching involves 3 or 4 band as in the RAN4 LS.
Per our understanding, the switching gap among bands heavily relies on the UE implementation once 3 or 4 bands involved in the switch. In Figure 1 we provide two example cases for illustration of switching gap. The Case 1 shows the UE behavior when switching period is configured for band C for band pair A+C and B+C. Notable aspect is that there would need to be different configurations for each band pair. Case 2 shows when band pairs are independent, different switching periods are configured but then UE is switching at the same time so faster band pair has to wait for the slower band pair. 
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Figure 1. UE behaviour for Case 1: Band A+B ->C (2Tx); Case 2: Band A+C->B+D, separate Tx Chain.

Given the uncertainty of UE implementation, the UE may need accumulated switching period for the 3 or 4 band switching. To provide UE sufficient time for switch, we propose to use summation of the two switches if the switching bands are more than 2. Meanwhile, due to the uncertainty of Tx chain mapping, there is not a unified assumption of the switch-from and switch-to band pairs for the four bands switching, it would be preferrable to use the maximum value of the switching period among the switch-from & switch-to band pairs. Below is our proposal on the switching gap.

Proposal: For the following exemplary switch, the switching gap is summation of the per band pair switching period   
· For the 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, the switching gap is summation of {Tswitch_A_C, Tswitch_B_C}
· For 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, the switching gap is summation of {max(Tswitch_A_C, Tswitch_B_C), max(Tswitch_A_D, Tswitch_B_D)}.
· Tswitch_X_Y is the UE reported switching period for band pair X, Y


4. Conclusion
For the questions in the RAN4 LS, we have following observation and proposal on switching gap as reply.

Observation: the two switching cases in the RAN4 LS are allowed from RAN1 perspective.

Proposal: For the following exemplary switch, the switching gap is summation of the per band pair switching period   
· For the 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, the switching gap is summation of {Tswitch_A_C, Tswitch_B_C}
· For 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, the switching gap is summation of {max(Tswitch_A_C, Tswitch_B_C), max(Tswitch_A_D, Tswitch_B_D).
· Tswitch_X_Y is the UE reported switching period for band pair X, Y
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