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Introduction
RAN1 110b-e meeting agreed as working assumptions to support UL-Tx switching within 3 or 4 bands in Rel-18, including both switched-UL and dual-UL:
Working Assumption
Specify UL Tx switching schemes across up to 4 bands in Rel-18
Working Assumption
If Rel-18 UL Tx switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported
This contribution further discusses some remaining issues for Rel-18 UL Tx switching.
Discussion 
RAN1 #110bis agreed the following:
	Agreement
If Rel-18 UL Tx switching for 3 or 4 bands is supported, following is considered as baseline.
· Existing conditions where the switching period is required can be reused for Rel-18 UL Tx switching with 3 or 4 bands when only two bands are involved in a switching
· New conditions where the switching period is required should be introduced for Rel-18 UL Tx switching with 3 or 4 bands when more than two bands are involved in a switching
· For dual UL, following new conditions are considered
· 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)
· FFS for switched UL and/or for the case with complexity reduction option 1 or 2
· FFS the same or different switch period for existing conditions and new conditions


In our understanding, there is a high chance for UE implementation under “New conditions” to be more challenging than the one under “Existing conditions”.  Such implementation difference is highly likely to be reflected into switching period. 
Proposal 1: RAN1 assumes the switch period is different between “Existing conditions” and “New conditions”.
· Such difference can be incorporated into UE capability that is reported for existing condition and new condition separately.  

The ambiguity issue with dual UL was solved by the following RAN1 #110bis working assumption. 
	Working Assumption
At least 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 FFS
· Alt.1: based on gNB’s configuration/indication e.g., new RRC parameter
· Alt.2: based on predefined rule
· Other alternative is not precluded
· FFS for other potential cases


For Case #1, {oneT, twoT} is enough to indicate Tx chain status clearly. For case#2, {oneT, twoT} cannot indicate all Tx chain status. To be specific, if oneT is indicated, one Tx chain is switched to band C while how to determine the associated band for another Tx chain is not clear. Due to gNB may predict scheduling requirement to some extent, gNB’s configuration is more efficient to avoid condition requiring switch period. And gNB configuration should follow UE capability reporting. For example, when UE reports that UE does not support concurrent transmission between band A or B and band C, then gNB should configure that 2 Tx chains are switched to band C only.
Proposal 2: For ambiguous issue for case #2, gNB’s configuration (Alt.1) subject to UE capability is preferred.
For the minimum separation time between two UL Tx switchings as a mean of complexity reduction, RAN1 #110b reached the following working assumption. 
	Working assumption
Study the following alternatives for the minimum separation time between two UL Tx switchings for Rel-18 UL Tx switching schemes across up to 3 or 4 bands, and decide in RAN1#111 whether/which of the following alternatives is needed
· Alt.1: define 14 symbols based on a SCS (FFS on SCS) as minimum separation time between two UL Tx switchings
· Alt.2: define that no more than one uplink Tx switching within a reference slot based on a SCS (FFS on SCS)
· Alt.3: define X slots as minimum separation time between two UL Tx switchings where 3 bands are involved in total, and define Y slots as minimum separation time between two UL Tx switchings where 4 bands are involved in total, where X and/or Y is no less than 1 (FFS on X,Y, FFS reference SCS for the slots in case of multiple SCSs across carriers or expressed in unit of micro second)
· Alt.4: report the minimum separation time for different switching cases
· Other alternative is not precluded
· FFS: Applicable cases for the restriction
· Note: Companies are encouraged to provide detailed numbers of minimum separation time


In R16/R17, The UE does not expect to perform more than one uplink switching in a slot with µUL = max(µUL,1, µUL,2), where the µUL,1 corresponds to the subcarrier spacing of the active UL BWP of one uplink carrier before the switching gap and the µUL,2 corresponds to the subcarrier spacing of the active UL BWP of the other uplink carrier after the switching gap. The similar principle, i.e. Alt 2, can be reused.  
However, in the case of R18, due to the band number of Tx switch extends to 3 or 4, the µUL  set varies. As shown in Figure 1,  when Tx associates with band A and band B before switch and  Tx associates with band B and band C after switch, µUL  set before switching is {µUL=1, µUL=2}  and  µUL  set after switch is {µUL=0, µUL=1} .  For each µUL  set , µUL  value is different. So to trade off flexibility and UE complexity, µUL  =min(max(µUL,1, µUL,2),max(µUL,3, µUL,4)), where {µUL,1, µUL,2} correspond to Tx bands before Tx switch, and {µUL,3, µUL,4} correspond to Tx bands after Tx switch.


Figure 1 Band switch cases for determination of reference SCS in Alt-2 
Proposal 3: No more than one uplink Tx switching is expected within a reference slot based on a µUL  =min(max(µUL,1, µUL,2),max(µUL,3, µUL,4)), where {µUL,1, µUL,2} correspond to Tx bands before Tx switch, and {µUL,3, µUL,4} correspond to Tx bands after Tx switch.
Another remaining issue is choice of alternatives in the following RAN1 #110b agreement. 
	Agreement
Consider following alternatives on the supported switching cases (Tx chain states) for each scenario
· Scenario#1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.1-1: only switching cases (Tx chain states) with 2T are assumed
· In case of 3 bands, 3 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}) are assumed 
· 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 
· Alt.1-2: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· Scenario#2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands, 
· Alt.2-1: for the band where 2 ports UL transmission is not supported, switching cases (Tx chain states) with 1T-1T can be assumed
· FFS: detailed switching cases to be assumed with different number of bands supporting up to 2 ports UL transmission
· Alt.2-2: only switching cases (Tx chain states) with 2T are assumed
· Assumed switching cases are same as Scenario#1
· Alt.2-3: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· FFS: Scenario#3: For dual UL, if 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, 
· Alt.3-1: corresponding switching case(s) with 1T-1T for the band pair(s) are not assumed
· FFS: if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission only on some of the bands
· Alt.3-2: corresponding switching case(s) with 1T-1T for the band pair(s) are assumed
· Assumed switching cases are same as the case where UE supports dual UL for all band pairs in the band combination


Our preferences are the alternatives in which only 2T is assumed and legacy behavior is easily followed. To be more specific, 
· Scenario#1: Alt.1-1 (only switching cases (Tx chain states) with 2T are assumed). 
· Scenario#2: Alt.2-2 (only switching cases (Tx chain states) with 2T are assumed) 
· Scenario#3: Alt.3-1 (corresponding switching case(s) with 1T-1T for the band pair(s) are not assumed) 
Proposal 4: Switching cases (Tx chain states) with 2T only are assumed for switched UL and band pairs not supporting concurrent transmission when dual UL is configured.
Conclusions
In this contribution, we discuss scenario of UL Tx switch with the following proposals:
Proposal 1: RAN1 assumes the switch period is different between “Existing conditions” and “New conditions”.
· Such difference can be incorporated into UE capability that is reported for existing condition and new condition separately.  
Proposal 2: For ambiguous issue for case #2, gNB’s configuration (Alt.1) subject to UE capability is preferred.
Proposal 3: No more than one uplink Tx switching is expected within a reference slot based on a µUL  =min(max(µUL,1, µUL,2),max(µUL,3, µUL,4)), where {µUL,1, µUL,2} correspond to Tx bands before Tx switch, and {µUL,3, µUL,4} correspond to Tx bands after Tx switch.
Proposal 4: Switching cases (Tx chain states) with 2T only are assumed for switched UL and band pairs not supporting concurrent transmission when dual UL is configured.
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