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1. Introduction
RAN4 sent an LS to RAN1 regarding Multi-carrier enhancement for NR in [1]. In the LS, RAN4 asked following question to RAN1. 
	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.



In this contribution, we discuss on potential RAN1 reply to above question.

2. Discussion on whether the two Tx chains are switched concurrently
Regarding the RAN4 question, it seems to be related to RAN1 discussion on potential ambiguity between one switching and two switchings.
At the last RAN1 meeting, following proposal was discussed [2].
	· 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), and 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



As in our companion contribution [3], we think above proposed clarification is reasonable and necessary.
If above proposal is agreed, RAN1 can answer to RAN4 question with providing detailed conditions in which two Tx chains can be switched concurrently.
Proposal 1:
RAN1 first needs to agree on following clarifications to reply RAN4 LS
· 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), and 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

RAN4 provided two example scenarios in the LS, but we think it is better to discuss following three scenarios for completeness.
· 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.
· Example #3: In the case of 3-band Tx switching, the switching is performed from 2T on band A to 1T+1T on band B and C.

In case of example #1, since 2T transmission on band C is the transmission after switching(s), basically there should be only one UL Tx switching to perform 2T transmission on band C. If there is sufficient time between end of the transmission on switch-from bands (A and B) and start of the transmission on switch-to band (C), it may be possible UE implementation to perform switching on one Tx chain first and then perform switching on another Tx chain. However, if the time gap is only reported switching period, it should be treated as one UL Tx switching and the switching period in this case is determined based on maximum of {switching period for A-C, switching period for B-C} according to the RAN4 agreement. 
	Issue 1-2-3: Ambiguity issue when two Tx chains are switched between two different band pairs
Way forward:
· 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, 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}:
· 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.


Even in this case, it may be possible UE implementation to perform switching on one Tx chain first and then perform switching on another Tx chain, but in this case, UE may report longer switching period value for at least one of band pairs A-C and B-C so that such sequential switching can be completed within the reported switching period duration.

In case of example #2 and #3, since 1T+1T transmissions on different bands from switch-from band(s) are performed after switching(s), there is ambiguity between one switching and two switchings as RAN1 discussed. If RAN1 could agree on the clarification in proposal 1, it could be answer to RAN4 question for example #2 and #3, i.e., whether there is only one Tx switching for two Tx chains or there are two Tx switchings (one switching for each Tx chain) is dependent on the trigger timing (T0, Toffset) and overlap in time domain between two 1T transmissions after two Tx chain switching(s).
Proposal 2:
RAN1 replies to RAN4 question with following feedbacks.
· In example #1, it is RAN1 understanding that there should be only one UL Tx switching to perform 2T transmission on band C after 1T+1T transmissions on band A and B. The switching period in this case is determined based on maximum of {switching period for band pair A-C, switching period for band pair B-C}.
· In example #2, it is RAN1 understanding that whether there is only one Tx switching for two Tx chains or there are two Tx switchings (one switching for each Tx chain) is dependent on the trigger timing (T0, Toffset) and overlap in time domain between two 1T transmissions after two Tx chain switching(s), and RAN1 made following agreement.
· [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), and 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]
· There is another example “Example #3: In the case of 3-band Tx switching, the switching is performed from 2T on band A to 1T+1T on band B and C”, and in example #3, it is RAN1 understanding that whether there is only one Tx switching for two Tx chains or there are two Tx switchings (one switching for each Tx chain) is dependent on the trigger timing (T0, Toffset) and overlap in time domain between two 1T transmissions after two Tx chain switching(s) same as in example #2.
· It is also RAN1 understanding that whether UE actually performs concurrent switching on two Tx chains or performs sequential switching on two Tx chains is up to UE implementation as long as switchings on two Tx chains are completed within reported switching period duration in case of one UL Tx switching.


3. Conclusion
In this contribution, we discussed on potential reply LS to RAN4, and following proposals were made.
Proposal 1:
RAN1 first needs to agree on following clarifications to reply RAN4 LS
· 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), and 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
Proposal 2:
RAN1 replies to RAN4 question with following feedbacks.
· In example #1, it is RAN1 understanding that there should be only one UL Tx switching to perform 2T transmission on band C after 1T+1T transmissions on band A and B. The switching period in this case is determined based on maximum of {switching period for band pair A-C, switching period for band pair B-C}.
· In example #2, it is RAN1 understanding that whether there is only one Tx switching for two Tx chains or there are two Tx switchings (one switching for each Tx chain) is dependent on the trigger timing (T0, Toffset) and overlap in time domain between two 1T transmissions after two Tx chain switching(s), and RAN1 made following agreement.
· [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), and 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]
· There is another example “Example #3: In the case of 3-band Tx switching, the switching is performed from 2T on band A to 1T+1T on band B and C”, and in example #3, it is RAN1 understanding that whether there is only one Tx switching for two Tx chains or there are two Tx switchings (one switching for each Tx chain) is dependent on the trigger timing (T0, Toffset) and overlap in time domain between two 1T transmissions after two Tx chain switching(s) same as in example #2.
· It is also RAN1 understanding that whether UE actually performs concurrent switching on two Tx chains or performs sequential switching on two Tx chains is up to UE implementation as long as switchings on two Tx chains are completed within reported switching period duration in case of one UL Tx switching.
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