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1 Introduction
RAN#94 approved Rel-18 Multi-carrier enhancements WI [1]. As one of the objectives in the WI, UL Tx switching across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs is included. RAN4#106 approved a related WF [2]. With regard to the target completion date of this WI, although originally it was March 2023 (RAN4#106), RAN#99 agreed the extension of WI by three months. This paper provides our views on the remaining issue of this WI.
2 Discussion on issue 1-4-3
One of the main remaining issues is issue 1-4-3 in WF [2] which is time mask for dualUL related switching scenarios. While RAN4 is asking a question for clarification to RAN1, according to WF, RAN4 can discuss further based on the RAN1/2 agreements. This paper describes the key aspect from RAN discussion, and provide our views on the issue 1-4-3.
2.1 Key aspect from RAN1 discussion
	Agreement in RAN1#112
Alt.5: gNB configures priorities to each carrier/band.

· The gNB configures priority for each band. The UE determines the switching period location on either switching-from band(s) or switching-to band(s) that is involved in the UL Tx switching and is not with the highest priority band.


Based on the agreement, in our understanding, when the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), and if UE performs it as one Tx switching event, then the switching period should be located at either switching-from band(s) or switching-to band(s). It means that the case does not happen where the switching period is located across switching-from band and switching-to band.
Observation 1: Based on RAN1 agreement, when the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), and if UE performs it as one Tx switching event, then the  switching period should be located at either switching-from band(s) or switching-to band(s).
	Proposal 5-1: in section 5.1 in R1-2302221
· 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.


RAN1 discussed the condition where UE performs Tx switching as one Tx switching when two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D). Based on the discussion captured in RAN1 FL summary, we understand that although it is not agreed, majority companies in RAN1 seem to have the following assumption:

· 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 performs it as one TX switching event involving more than 2 bands, otherwise as twice of TX switching events.
Observation 2: Although it is not clearly agreed, it seems that majority companies in RAN1 have the following assumption:
· 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 performs it as one TX switching event involving more than 2 bands, otherwise as twice of TX switching events.
2.2 Issue 1-4-3 Time mask for dualUL related switching scenarios
This section describes our understanding on the issues 1-4-3 in the WF [2] based on RAN1 discussion described in section 2.1
	Issue 1-4-3: Time mask for dualUL related switching scenarios
Way forward:
· Further discuss whether and how to cover the following scenario based on the RAN1/2 further agreement. 
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Figure 2.2-1: First scenario in issue 1-4-3

Discussion:
· The case of switching period #1 is valid.
· If configured priority is set as band X is not a prioritized band, switching period can be located at band X.
· The case of switching period #2 is not valid.
· Based on RAN4 agreement, a switching period should be located at either of switching-from or switching-to band. A switching period cannot be located across switching-from and switching to band.
· The case of switching period #3 is valid and #4 is valid independently, but the set of switching period #3 and #4 as illustrated above is not valid.

· Based on observation 2, UE performs it as one Tx switching event.

· Based on observation 1, both switching periods #3 and #4 should be located at either of switching-from or switching after band
Proposal 1: For the first scenario in issue 1-4-3 in last meeting WF, 
· The case of switching period #1 is valid.

· The case of switching period #2 is not valid.

· The case of switching period #3 is valid and #4 is valid independently, but the set of switching period #3 and #4 as illustrated in the figure is not valid.
	· Further discuss whether and how to cover the following scenario based on the RAN1/2 further agreement.
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Time mask for one transmitter switching between band X and band Z, and between band Y and band Z, where UE is capable of uplink transmission on band Y during time period of {switching period #1 - switching period #2}, i.e., the UE indicates [TBD-1] in the capability [TBD tx-on-non-affected-band]


Figure 2.2-2: Second scenario in issue 1-4-3
Discussion:
· Whether this scenario is valid or not depends on whether RAN4 agrees to introduce an advanced UE capability for the case when two Tx chains are switched between two different band pairs with different lengths of switching periods.  
· Although in case of band X + band Y->band Z + band W, there is an ambiguity issue where it is unknown whether the switching is performed as X->Z and Y->W or X->W and Y->Z, this case of Band X + band Y -> band Z + band Z does not have an ambiguity issue because the switching should be performed as X->Z and Y->Z.
· In our understanding, if the advanced UE capability is introduced, this scenario would be possible while RAN1 did not explicitly discuss this scenario.
Observation 3: If the advanced capability is introduced, the second scenario in issue 1-4-3 would be valid.

Proposal 2: For the second scenario in issue 1-4-3 in last meeting WF, 
· If an advanced UE capability is introduced for the case when two Tx chains are switched between two different band pairs with different lengths of switching periods (denoted as Tswitch_1 and Tswitch_2 for the switching periods of Tx chain #1 and Tx chain #2 respectively, and Tswitch_1 < Tswitch_2), the scenario is valid.
· Otherwise, it is not valid.
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Time mask for one transmitter switching between band X and band Z, and between band Y and band Z, where UE is not capable of uplink transmission on band Y during time period of {switching period #1 - switching period #2}, i.e., UE does not indicate [TBD-1] in the capability [TBD tx-on-non-affected-band]


Figure 2.2-2: Third scenario in issue 1-4-3
Discussion: 
· It is possible. See no issues.
Proposal 3: For the third scenario in issue 1-4-3 in last meeting WF, it is valid.
2.3 Issue 1-4-1 2-layer UL-MIMO support for carrier(s) capable of 2Tx
	Issue 1-4-1: 2-layer UL-MIMO support for carrier(s) capable of 2Tx

Way forward:

· Further discuss on whether or not to mandate 2-layer UL-MIMO support for carrier(s) capable of 2Tx.


Discussion: 
· RAN2#121 made the following agreement:
· For UE capability of 2-port UL transmission, RAN2 reuse the per-FS UL-MIMO UE capability (no spec change).

· It means that the supportiveness of 2-port UL transmission (2Tx) is indicated by the per FS UL-MIMO UE capability. In other wards, UE supporting 2Tx needs to indicate UL MIMO capability if we follow the RAN2 agreement.

· In our view, we would like to respect the RAN2 agreement, and propose to mandate 2 layer UL MIMO support for carrier(s) capable 2Tx.

Observation 4: If we follow the following RAN2 agreement, UE supporting 2Tx needs to indicate UL MIMO capability.
· 
For UE capability of 2-port UL transmission, RAN2 reuse the per-FS UL-MIMO UE capability (no spec change).
Proposal 4: Mandate 2-layer UL-MIMO support for carrier(s) capable of 2Tx
3 Conclusion

Here we summarize our proposals: 
Observation 1: Based on RAN1 agreement, when the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), and if UE performs it as one Tx switching event, then the  switching period should be located at either switching-from band(s) or switching-to band(s).
Observation 2: Although it is not clearly agreed, it seems that majority companies in RAN1 have the following assumption:
· 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 performs it as one TX switching event involving more than 2 bands, otherwise as twice of TX switching events.
Proposal 1: For the first scenario in issue 1-4-3 in last meeting WF, 

· The case of switching period #1 is valid.

· The case of switching period #2 is not valid.

· The case of switching period #3 is valid and #4 is valid independently, but the set of switching period #3 and #4 as illustrated in the figure is not valid.
Observation 3: If the advanced capability is introduced, the second scenario in issue 1-4-3 would be valid.

Proposal 2: For the second scenario in issue 1-4-3 in last meeting WF, 

· If an advanced UE capability is introduced for the case when two Tx chains are switched between two different band pairs with different lengths of switching periods (denoted as Tswitch_1 and Tswitch_2 for the switching periods of Tx chain #1 and Tx chain #2 respectively, and Tswitch_1 < Tswitch_2), the scenario is valid.
· Otherwise, it is not valid.
Proposal 3: For the third scenario in issue 1-4-3 in last meeting WF, it is valid.

Observation 4: If we follow the following RAN2 agreement, UE supporting 2Tx needs to indicate UL MIMO capability.

· For UE capability of 2-port UL transmission, RAN2 reuse the per-FS UL-MIMO UE capability (no spec change).
Proposal 4: Mandate 2-layer UL-MIMO support for carrier(s) capable of 2Tx
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