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1. Introduction
In this contribution, we discuss and provide our views on the remaining issues on Rel-18 UL Tx switching across 3 or 4 bands.

2. Discussion

· Switching period location
At RAN1#111, the discussion on switching period location was done and FL summarized the following updated proposal to down-select a solution at this meeting.
	Updated proposed agreement 6
Down-select a solution for the ambiguity issue on switching period location from following alternatives.
· Alt.1: switching period location is configured per band pair
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to highest carrier frequency among the bands configured with switching period location as TRUE
· Alt.2: switching period location is configured per band pair, and the priority list of bands is also configured
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to the band with lowest priority among bands configured with switching period location as TRUE
· Alt.3: gNB configures “switching-from band” or “switching-to band”
· If gNB configures “switching-from band” as switching period location, switching period is located on band(s) where preceding transmission is performed
· Alt.4: gNB configures switching period location per switching case
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A - B}, {A - C}, {B - C}, {A+B - C}, {A+C - B}, {B+C - A}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A - B}, {A - C}, {A - D}, {B - C}, {B - D}, {C - D}, {A+B - C}, {A+B - D}, {A+C - B}, {A+C - D}, {A+D - B}, {A+D - C}, {B+C - A}, {B+C - D}, {B+D - A}, {B+D - C}, {C+D - A}, {C+D - B}, {A+B – C+D}, {A+C – B+D}, {A+D – B+C}
· Alt.4-rev: gNB configures switching period location per configured 3 or 4 bands
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {B, C}, {A, B, C}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {A, D}, {B, C}, {B, D}, {C, D}, {A, B, C}, {A, B, D}, {B, C, D}, {A, B, C, D}
· Alt.5: gNB configures priorities to each carrier/band.
· The UE determines the switching period location on the band that is not with the highest priority.




In addition, there was an agreement from RAN4 about the location of switching period between 3 or 4 bands as follows.
· For single-TAG case, RAN4 agreed to reuse the Rel-16/17 approach (i.e., semi-static configuration of switching period on one of the band for each switching band pair) and discuss further details for Rel-18 Tx switching scenario in RAN1. 
· Meanwhile, RAN4 has not concluded on the switching period location for 2-TAG case, with further discussions ongoing. 
Accordingly, the switching period location can be semi-statically determined per each switching band pair based on the gNB configuration. That is to say, gNB can configure the relevant RRC parameter to TRUE only for one band within a band pair. However, there is still an issue to be solved. For a certain switching case involved 3 or 4 bands, if both one switch-from band and one switch-to band are configured as TRUE, then still, one of the two bands should be selected as a victim band. Among alternatives in the above FL proposal, Alt 1 and Alt 2 directly tried to solve this problem in a different way. But, they cannot provide the flexibility of a separate configuration of switching period location for each switching case, which may be restrictive for some scenarios. Meanwhile, in Alt 4, gNB configures switching period location per switching case (instead of per switching band pair). With this method, the problem that occurred in Alt 1 or Alt 2 no longer exists. However, RRC overhead for Alt 4 is too excessive compared to other alternatives. Moreover, Alt 4 allows to configure TRUE to the different band even for the same set of bands. We don’t see the need to configure the switching period location differently in the same set of bands, which seems an unnecessary flexibility. Alt 4-rev can be regarded as the revised version of Alt 4 by excluding such unnecessary flexibility from Alt 4. It should be clarified that there is only one band to be configured as a victim band for each set of bands in Alt 4-rev. Otherwise, similar ambiguity issue as in Alt 1 or Alt 2 can be occurred. 

Proposal #1: In Rel-18 UL Tx switching, the switching period location (i.e., TRUE) is configured to only one band for each band set as follows
· In 3 bands case, gNB configures the switching period location for each of 4 band sets such as {A, B}, {A, C}, {B, C}, {A, B, C}
· In 4 bands case, gNB configures the switching period location for each of 11 band sets such as {A, B}, {A, C}, {A, D}, {B, C}, {B, D}, {C, D}, {A, B, C}, {A, B, D}, {A, C, D}, {B, C, D}, {A, B, C, D}

One more thing to be considered is, in the case where 2 Tx in band A is switched to band B and band C at the same time, the band C needs a switching period if the band B is configured as the switching period location (i.e., TRUE). In other words, when the band configured with the switching period location (i.e., TRUE) is one of the switch-from bands (or switch-to bands), the switching period is also needed for other switch-from band (or switch-to band). This is not the same as the Alt 3 above. Alt 3 is a method in which the switching period location is configured to all bands of either switch-from bands or switch-to bands according to the semi-static configuration without any additional condition. Whereas we are saying about a method in which the switching period is located to all bands located in either switch-from bands or switch-to bands where the band configured with the switching period location (i.e., TRUE) belongs to. This behaviour can be configured based on UE capability. For instance, suppose that the switching period location is configured {TRUE, FALSE, FALSE} for a band set {A, B, C}. Then, for the switching case A -> B+C, the switching period can be located only at band A. On the other hand, for the switching case B -> A+C, the switching period can be located at band A and band C. 

Proposal #2: In Rel-18 UL Tx switching, the switching period can be located to all bands located in either switch-from bands or switch-to bands where the band configured with the switching period location (i.e., TRUE) belongs to. 

· Ambiguity handling for dual UL
At RAN1#111, the following agreements were made.
	Agreement
Following working assumption is confirmed with updates.
Working Assumption
for dual UL, reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state at least for following cases
· Case#1 of the issue: two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported
· if twoT is indicated, both of two Tx chains are switched to band B
· if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A
· Case#2 of the issue: two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported
· if twoT is indicated, both of two Tx chains are switched to band C
· if oneT is indicated, one Tx chain is switched to band C while how to determine the associated band for another Tx chain is 
· based on new RRC parameter

Agreement
In Case#2 where two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, if oneT is indicated via uplinkTxSwitching-DualUL-TxState, one Tx chain is switched to band C and associated band for another Tx chain is determined by new RRC parameter which is down-selected from following alternatives.
· An associated band is configured for each band so that another Tx chain is associated with the configured band (as associated band for the transmitting band)
· E.g., associated band for each transmitting band is configured as {B for A}, {A for B}, {A for C} and {C for D}. 
· When 1 port transmission on band C is scheduled and Tx chains are currently associated with band A and B, Tx chain associated with band B is switched to band C while another Tx chain associated with band A remains unchanged (because band A is associated band for band C)
· When 1 port transmission on band D is scheduled and Tx chains are currently associated with band A and B, Tx chain associated with band A (or B) is switched to band D while another Tx chain associated with band B (or A) is switched to band C (because band C is associated band for band D)
If there is one band where concurrent transmission with any other band is not supported, NW does not configure an associated band for the band. In such case, even if oneT is configured, UE performs switching as twoT is configured when 1 port transmission on the band is scheduled



According to the agreement, for Case#1, when two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported, if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A. By the way, for the band pair (A, B), if dualUL is configured and concurrent UL transmission is not supported in the band pair, this agreement may be problematic. The following agreement clearly says that, for a band pair, the switching case with 1T-1T for the band pair where concurrent transmission is not supported is not assumed. 
	Agreement
For dual UL, if a UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission on all the bands in the band combination, corresponding switching case(s) with 1T-1T for the band pair(s) where concurrent transmission is not supported are not assumed



Therefore, the agreement including Case#1 should be revised to resolve this issue. There are two simple solutions. One is to configure an associated band for the transmitting band (e.g. band B in above example) in the above Case#1. The other simple solution is both of two Tx chains are switched to band B exceptionally in the above Case#1. 

Proposal #3: Discuss whether/how to revise the following agreement made at RAN1#111 to resolve the problematic case of Case#1 if oneT is indicated to the band pair (highlighted in yellow) where concurrent UL transmission is not supported. 
	Agreement
Following working assumption is confirmed with updates.
Working Assumption
for dual UL, reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state at least for following cases
· Case#1 of the issue: two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported
· if twoT is indicated, both of two Tx chains are switched to band B
· if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A
· Case#2 of the issue: two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported
· if twoT is indicated, both of two Tx chains are switched to band C
· if oneT is indicated, one Tx chain is switched to band C while how to determine the associated band for another Tx chain is 
· based on new RRC parameter



· Switching period for two partially overlapped UL transmissions
For a Tx switching case involved 3 or 4 bands, when 2 Tx is switched from one band (e.g., band A) to two different bands (e.g., band B and band C), if UL transmission on band B and UL transmission on band C are partially overlapped in time, it would be not very clear whether (1) such Tx switching is treated as one Tx switching so that the switching period is assumed only one time or (2) such Tx switching can be treated as two Tx switchings so that the switching period is assumed two times. In our view, (2) would be inefficient behaviour since the Tx switching is triggered at a single instance (or by a single scheduling) and two UL transmission may be close, two switching gaps between the involved bands for the Tx switching should be assumed. Therefore, this should be regarded as one Tx switching and the switching period should be assumed at one time instance and one band. Moreover, for a simplicity, the time location where the switching period is assumed is determined based on the earlier UL transmission and the length of the switching period is the largest one among the reported switching period for all involved band pairs. Beside the above example, in general, we propose the following behaviour.

Proposal #4: For a Tx switching case involved 3 or 4 bands, where two UL transmissions on two transmitting bands are partially overlapped in time, the switching period location is determined based on the band with earlier UL transmission and the length of switching period is determined as the largest one among the reported switching periods for all involved band pairs.

3. [bookmark: _GoBack]Conclusion
In this contribution, several remaining issues on UL Tx switching among multiple bands in Rel-18 were discussed, and the followings were proposed.

Proposal #1: In Rel-18 UL Tx switching, the switching period location (i.e., TRUE) is configured to only one band for each band set as follows
· In 3 bands case, gNB configures the switching period location for each of 4 band sets such as {A, B}, {A, C}, {B, C}, {A, B, C}
· In 4 bands case, gNB configures the switching period location for each of 11 band sets such as {A, B}, {A, C}, {A, D}, {B, C}, {B, D}, {C, D}, {A, B, C}, {A, B, D}, {A, C, D}, {B, C, D}, {A, B, C, D}
Proposal #2: In Rel-18 UL Tx switching, the switching period can be located to all bands located in either switch-from bands or switch-to bands where the band configured with the switching period location (i.e., TRUE) belongs to. 

Proposal #3: Discuss whether/how to revise the following agreement made at RAN1#111 to resolve the problematic case of Case#1 if oneT is indicated to the band pair (highlighted in yellow) where concurrent UL transmission is not supported. 
	Agreement
Following working assumption is confirmed with updates.
Working Assumption
for dual UL, reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state at least for following cases
· Case#1 of the issue: two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported
· if twoT is indicated, both of two Tx chains are switched to band B
· if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A
· Case#2 of the issue: two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported
· if twoT is indicated, both of two Tx chains are switched to band C
· if oneT is indicated, one Tx chain is switched to band C while how to determine the associated band for another Tx chain is 
· based on new RRC parameter



Proposal #4: For a Tx switching case involved 3 or 4 bands, where two UL transmissions on two transmitting bands are partially overlapped in time, the switching period location is determined based on the band with earlier UL transmission and the length of switching period is determined as the largest one among the reported switching periods for all involved band pairs.


