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Introduction
In RAN#94 meeting, a new Work Item [1] was agreed to study dynamic Tx carrier switching across up to 3 or 4 bands. Productive agreements were achieved in RAN1#111.
This contribution provides further considerations on multi-carrier UL Tx switching operation.
· Ambiguity issue on switching period location
· WA of Minimum separation time between two UL Tx switchings
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Discussion
For the supportive of 3 or 4 bands and Switched UL or Dual UL in Rel-18, we suggest to confirm the two WAs. Actually, some discussions and agreements have already include both of 3 and 4 bands, Switched UL and Dual UL options. From RAN1’s perspective, it is benefit to support them all and actually they have been included in the switching assumptions. So it is good to have a clear agreement to confirm the working assumption.
	Working Assumption
If Rel-18 UL Tx switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported



Proposal 1. Confirm the working assumption: 
Working Assumption
· If Rel-18 UL Tx switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported
Ambiguous switching period location and/or duration
For the switching period location, there was some discussions, but without any consensus. 
	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
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]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
· [bookmark: OLE_LINK7]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.



Although RAN4 LS clearly stated 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) for single-TAG case, only Alt.1 is not sufficient to solve the ambiguity issue. So Alt 1 combined switching period location is configured per band pair with highest carrier frequency among the bands was proposed. Frankly speaking the highest carrier frequency has no direct relation with the band which need to protect. So it is less comfortable to have this predefined rule for the location of switching period. 
We support Alt 2. It is another combination of switching period location is configured per band pair and lowest priority among bands configured with switching period location as TRUE. Alt 2 is a solution without any ambiguity. In additional, it is also a network friendly method. E.g. for switching A+B->C, if switching period location on band A for band pair A and B; on band B for band pair B and C. Since the priority list is A>B>C. Since band A and band B both are configured with location as TRUE, the switching period location is band B. Clearly, it can protect the higher priority band, which is also configured by gNB. 
For Alt 3, it is against the spirit of RAN4 LS. Since if switching period is configured as “switching-to band”, the switching period is located at the switching-to band for all the switching cases. When there is important transmission on switching-to band, it is a victim band anyway in Alt 3. Actually, this type of hurt can be avoid by configuration. It is with less flexibility as other alternatives.
For Alt 4, it can work, but with too much singling overhead. Especially the four bands case. If majority companies want Alt 4, we can live with it. 
Proposal 2. Support Alt.2 as the switching period location: 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
Minimum separation time between two UL Tx switchings
According to the minimum separation time between two UL Tx switching, it reuses Rel-16/R-17 restrictions that no more than one uplink Tx switching within a reference slot. Second, the intension of the WA is to prevent frequent Tx switching, and gives separate time between two UL tx switching for 3 bands and 4 bands. It is generally fine to have a larger minimum separation time and reported by UE capability. So we support to confirm the WA.  
Proposal 3. Confirm the following working assumption. 
	Agreement
Following restrictions are applied for Rel-18 UL Tx switching across 3 or 4 bands.
· The UE does not expect to perform more than one uplink switching within a reference slot based on µUL = max(µUL, 1, µUL, 2, µUL, 3) in case of 3 bands, µUL = max(µUL, 1, µUL, 2, µUL, 3, µUL, 4) in case of 4 bands, where µUL, 1, µUL, 2, µUL, 3, µUL, 4 are SCSs of active UL bandwidth parts of the bands in the band combination
· If there are two consecutive intra-band carriers in one band, µUL, 1 = max(µUL, 1-1, µUL, 1-2), where µUL, 1-1 and µUL, 1-2 are SCSs of active UL bandwidth parts of the carriers in the band
· (working assumption) If two uplink switching are triggered and result in UL transmissions on more than 2 bands within any two consecutive reference slots, then the time duration between the end of all transmission(s) prior to the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a sum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}



Conclusion
In this contribution, we made the following observations and proposals.
Proposal 1. Confirm the working assumption: 
Working Assumption
· If Rel-18 UL Tx switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported
Proposal 2. Support Alt.2 as the switching period location: 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
Proposal 3. Confirm the following working assumption. 
	Agreement
Following restrictions are applied for Rel-18 UL Tx switching across 3 or 4 bands.
· The UE does not expect to perform more than one uplink switching within a reference slot based on µUL = max(µUL, 1, µUL, 2, µUL, 3) in case of 3 bands, µUL = max(µUL, 1, µUL, 2, µUL, 3, µUL, 4) in case of 4 bands, where µUL, 1, µUL, 2, µUL, 3, µUL, 4 are SCSs of active UL bandwidth parts of the bands in the band combination
· If there are two consecutive intra-band carriers in one band, µUL, 1 = max(µUL, 1-1, µUL, 1-2), where µUL, 1-1 and µUL, 1-2 are SCSs of active UL bandwidth parts of the carriers in the band
· (working assumption) If two uplink switching are triggered and result in UL transmissions on more than 2 bands within any two consecutive reference slots, then the time duration between the end of all transmission(s) prior to the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a sum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}
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