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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#110b-e.
This contribution provides further considerations on multi-carrier UL Tx switching operation.
[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 without significant workload increase. 
	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



Proposal 1. Confirm those two working assumptions: 
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
Rel-18 multi-carrier UL Tx switching mechanisms
Issue on ambiguous switching state
According to oneT is indicated in Case #2, Alt 2 is better choice. 
	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



Alt 2 can provide unified solution for all the switching cases, it does not need to configure the band for another Tx chain for every ambiguous switching state. Such as another Tx chain can be at the lowest carrier frequency among bands. Alt 1 have more impacts on specification, especially considering there would more band pairs when 4 bands are configured. Since it have to give separate configuration for each band pair when there is ambiguous switching state. 
Proposal 2. Alt.2: based on predefined rule that another Tx chain is at the lowest carrier frequency among bands can be adopted for Case#2.
Switching cases for Switched UL and for Dual UL
There are some open issues related with switching cases for Switched UL and Dual UL according to the following agreements.
	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

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 
· [bookmark: OLE_LINK7]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
· [bookmark: OLE_LINK10][bookmark: OLE_LINK11]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




[bookmark: OLE_LINK9][bookmark: OLE_LINK8]For Scenario#1 switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, we support Alt.1-1, only switching cases (Tx chain states) with 2T are assumed. Since it is same as Rel-17, switching cases with 2T for switched UL is enough. 
For Scenario#2 switched UL, if UE supports up to 2 ports UL transmission only on some of the bands, we support Alt.2-2. It also reuse Rel-17 principle.
So the following switching cases (Tx chain states) are for 3 and 4 bands switched UL, if UE supports up to 2 ports UL transmission only on all or some of the bands
· 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 

For Scenario#3 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, we support Alt.3-1, corresponding switching case(s) with 1T-1T for the band pair(s) are not assumed. It is beneficial to reduce the Tx chain states since some switching cases are removed. 
Proposal 3. For Scenario#1 and #2 switched UL, if UE supports up to 2 ports UL transmission only on all or some of the bands, the following switching cases (Tx chain states) are for 3 and 4 bands
· 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 
Proposal 4. For Scenario#3 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 can be adopted
·  Corresponding switching case(s) with 1T-1T for the band pair(s) are not assumed.
Ambiguous switching period location and/or duration
For the switching period location, since 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 the combination of Opt.0 and Opt.3 aligned with RAN4. We are supportive to go with Opt.0 and Opt.3 directly, and also OK to agree Updated Proposed agreement 4.2.1 at first.
	Updated Proposed agreement 4.2.1
· Study on how to reuse Rel-16/17 approach to determine the switching period location i.e., semi-static configuration of switching period location on one of the bands for each switching band pair, and consider following options to solve the potential ambiguity issue on the switching period location for decision in RAN1#111
· Opt.0 (baseline): Switching period location can be determined based on the indication of switching period location per band pair
· Opt.1: Switching period location can be determined based on predefined rule such as switch-from or switch-to
· Opt.2: Switching period location can be determined or configured based on specific band(s)
· Opt.3: Switching period location can be determined based on the indication of switching period location {switch-from, switch-to}
· Opt.4: Switching period location can be determined based on the priority list of bands configured to the UE
· Opt.5: Switching period location can be determined based on the indication of switching period location {switch-from, switch-to} per band pair
· Other option is not precluded
· FFS whether RAN1 spec impact is needed



Proposal 5. The combination of Opt.0 and Opt.3 in Updated Proposed agreement 4.2.1 can be adopted. 

For the case where three or four bands are involved for a switching, we are supportive of Updated Proposed agreement 4.2.2 and 4.2.3. 
	Updated Proposed agreement 4.2.2
· At least for dual UL, for the case where three or four bands are involved for a switching, down-select one of following alternatives for how to determine the switching period 
· Alt.1: Switching period is determined based on the predefined rule e.g., minimum or maximum among possible switching periods
· Alt.2: Switching period is determined based on gNB indication or configuration
· FFS on other potential case where the ambiguous issue regarding switching period duration exists
Alternative Proposed agreement 4.2.3
· For the case where two Tx chains perform switching for different band pairs with different reported switching periods,
· Send LS to ask RAN4 to discuss and decide how to determine the resulting switching period 
· [bookmark: OLE_LINK12][bookmark: OLE_LINK13]Example#1 (no ambiguity issue on switching pattern for each Tx chain): when switching from 2T on band A to 1T-1T on band B and C is performed, if UE reported different switching periods between band pair A-B and band pair A-C, how to determine the resulting switching period?
Example#2 (there is ambiguity issue on switching pattern for each Tx chain): when switching from 1T-1T on band A and B to 1T-1T on band C and D is performed, if UE reported different switching periods among band pairs A-C, A-D, B-C and B-D, how to determine the resulting switching period?



Proposal 6. We are supportive of Updated Proposed agreement 4.2.2 and 4.2.3.
Complexity reduction methods
Regarding to all the complexity reduction methods provided in the working assumption, some of them are good methods to be supported but with some FFS point. 
Two ports transmission
During last RAN1 meeting, it was agreed that UE is allowed to support only some of band(s) for up to 2 ports UL transmission based on UE capability.
	Agreement
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]If Rel-18 UL Tx switching for 3 or 4 bands is supported, UE is allowed to support only some of band(s) for up to 2 ports UL transmission based on UE capability
· Further down-select from the following alternatives
· Alt.1: no restriction for both switched UL and dual UL and for both 3 bands and 4 bands
· Alt.2: at least one band should support up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands
· Alt.3: at least two bands should support up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands
· Details on the UE capability such as whether existing per-FS UL-MIMO capability can be reused or not are further discussed
· Details on the gNB configuration/indication such as whether/how to additionally indicate 2 ports UL transmission mode for a band/cell are further discussed
· Existing MIMO mechanism for MIMO mode indication should be reused
· Note: UE is also allowed to support all bands for up to 2 ports UL transmission, and the design of Rel-18 UL Tx switching for 3 or 4 bands does not impose any restriction



For the three alternatives, we support Alt 1. There is no clear explanations why there should be at least one or two bands supporting up to 2 ports UL transmission.  Some companies quoted one band supporting 2 ports in Rel-16, two bands supporting 2 ports in Rel-17. However, Rel-18 UL Tx switching have changed a lot comparing with 2 bands. There are more band pairs, more switching cases, Tx chain states. There would be more complex to support 2 ports transmission for cell combination. So the restriction is not needed. 
Proposal 7. UE is allowed to support only some of band(s) for up to 2 ports UL transmission based on UE capability, and Alt.1 is adopted
· No restriction for both switched UL and dual UL and for both 3 bands and 4 bands
Minimum separation time between two UL Tx switchings
According to the minimum separation time between two UL Tx switching, at least Alt 2 can be applied. One reason is it reuse 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. Alt 3 gives separate time between two UL tx switching for 3 bands and 4 bands. It is over detail for a separation time. We propose to define a generic minimum separation time for 2/3/4 bands which are involved in a switching.  
	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



Proposal 8. For the minimum separation time between two UL Tx switchings for Rel-18 UL Tx switching schemes across up to 3 or 4 bands, Alt.2 can be adopted
· Alt. 2: define that no more than one uplink Tx switching within a reference slot based on a SCS (FFS on SCS)
[bookmark: _GoBack]Conclusion
In this contribution, we made the following observations and proposals.
Proposal 1. Confirm those two working assumptions: 
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
Proposal 2. Alt.2: based on predefined rule that another Tx chain is at the lowest carrier frequency among bands can be adopted for Case#2.
Proposal 3. For Scenario#1 and #2 switched UL, if UE supports up to 2 ports UL transmission only on all or some of the bands, the following switching cases (Tx chain states) are for 3 and 4 bands
· 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 
Proposal 4. For Scenario#3 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 can be adopted
·  Corresponding switching case(s) with 1T-1T for the band pair(s) are not assumed.
Proposal 5. The combination of Opt.0 and Opt.3 in Updated Proposed agreement 4.2.1 can be adopted. 
Proposal 6. We are supportive of Updated Proposed agreement 4.2.2 and 4.2.3.
Proposal 7. UE is allowed to support only some of band(s) for up to 2 ports UL transmission based on UE capability, and Alt.1 is adopted
· No restriction for both switched UL and dual UL and for both 3 bands and 4 bands
Proposal 8. For the minimum separation time between two UL Tx switchings for Rel-18 UL Tx switching schemes across up to 3 or 4 bands, Alt.2 can be adopted
· Alt. 2: define that no more than one uplink Tx switching within a reference slot based on a SCS (FFS on SCS)
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