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Introduction
[bookmark: _Ref473802466][bookmark: _Ref462669569]The RAN1 #110bis-e meeting approved a few Working Assumption and agreements, which is very fruitful. In this paper, we analyze the leftover issues and make some proposals accordingly.
[bookmark: OLE_LINK2]General switching scenarios
RAN #96 provided guidance on the multiple carrier scenarios as below. 
	RAN provides following guidance to RAN1/2/4.
· If Rel-18 UL Tx switching is supported, 
· RAN1/2/4 shall focus on defining necessary mechanisms and requirements for UL Tx switching across 3 or 4 different bands in Q3 2022
· Inter-band UL-CA Option 1 (i.e., switched UL) and Option 2 (i.e., dual UL) without SUL band
· Inter-band UL CA Option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s)
· UL CA framework where UL CA is performed between NULs according to current RAN4 specifications should not be changed
· Note: switching across any band in this scenario is not precluded
· Intra-band two contiguous aggregated carriers within one non-SUL band out of 3 or 4 bands
· Further check additional scenarios in RAN#97e, e.g.,
· {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}
· Simultaneous transmission across 2 bands in {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) (excluding simultaneous transmission between SUL and corresponding NUL)
· Mechanisms/requirements should not introduce restrictions on what were already supported in current specifications for UL Tx switching



This is the last RAN1 meeting for Rel-18 UL Tx switching and there are still quite a few open topics even for the high priority scenarios, we don’t think we have sufficient time to discuss the rest scenarios unless RAN Plenary could assign more TU in future meetings. Therefore, we propose to conclude that the below switching scenarios are not supported in Rel-18.
· {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}
· Simultaneous transmission across 2 bands in {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) (excluding simultaneous transmission between SUL and corresponding NUL)

Proposal 1: Due to lack of technical discussion, we propose to conclude that the below switching scenarios are not supported in Rel-18.
· {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}
· Simultaneous transmission across 2 bands in {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) (excluding simultaneous transmission between SUL and corresponding NUL)

Another potential issue is related with UE capability. According to RAN1#110bis-e meeting agreements Inter-band CA without SUL capable UE could report the UE capability of {SwitchedUL, DualUL, both}. However, the RAN guidance clearly indicates only Inter-band UL CA Option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) should be handled in WG meetings.
	Agreement
· Consider following alternatives for UE capability reporting about the supported UL Tx switching options
· Alt.1: report {switchedUL, dualUL, both} for each band pair in the band combination
· Alt.2: report {switchedUL, dualUL, both} for the band combination and report supported band pair for concurrent transmission for the band combination
· Consider following alternatives for gNB configuration regarding dual UL
· Alt.1: configure {switchedUL, dualUL} in CellGroupConfig
· Alt.2: configure {switchedUL, dualUL} for each band pair (combination of serving cells?)
· Alt.3: at least configuration of supported band pair (combination of serving cells) for concurrent transmission 
· Alt.4: No configuration of supported band pair (combination of serving cells) for concurrent transmission, i.e., UE just assumes as it reports




Due to lack of sufficient technical discussion, we propose Inter-band CA with SUL capable UE only reporting SwitchedUL for the band combination including SUL band. 
Proposal 2: Propose Inter-band CA with SUL capable UE only reporting SwitchedUL for the band combination including SUL band.

Switching cases
In RAN1 #110bis-emeeting, Alt.1 is confirmed as the agreement and dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling.
	Agreement
Confirm the following working assumption made at the RAN1#110 meeting.
Working Assumption
If Rel-18 UL Tx switching is supported, following switching mechanism is considered as baseline for the Rel-18 UL Tx switching across 3 or 4 bands
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via dynamic grant and/or RRC configuration for UL transmission




The following switching cases, in Table 1, could be used as example for UL Tx switching among three bands. For Case 1, 2, 3, the number of UL MIMO would be subject to UE capability. As agreed in RAN1 110bis-e meeting, UE could report the support of some or all of the concurrent transmission of Case 4, 5 and 6. 

Table 1 Example Switching Cases for 3 bands UL Tx Switching
	Switching Case
	Band A
	Band B
	Band C

	
	Tx chain status

	Case 1
	1 or 2
	0
	0

	Case 2
	0
	1 or 2
	0

	Case 3
	0
	0
	1 or 2

	Case 4
	1
	0
	1

	Case 5
	1
	1
	0

	Case 6
	0
	1
	1



The following switching cases, in Table 2, could be used as examples for UL Tx switching among four bands. For Case 1, 2, 3, and 4, the number of UL MIMO would be subject to UE capability. As agreed in RAN1 110bis-e meeting, UE could report the support of some or all of the concurrent transmission of Case 5, 6, 7, 8, 9 and 10.


Table 2 Example Switching Cases for 4 bands UL Tx Switching
	Switching Case
	Band A
	Band B
	Band C
	Band D

	
	Tx chain status

	Case 1
	1 or 2
	0
	0
	0

	Case 2
	0
	1 or 2
	0
	0

	Case 3
	0
	0
	1 or 2
	0

	Case 4
	0
	0
	0
	1 or 2

	Case 5
	1
	1
	0
	0

	Case 6
	0
	1
	1
	0

	Case 7
	1
	0
	1
	0

	Case 8
	0
	0
	1
	1

	Case 9
	1
	0
	0
	1

	Case 10
	0
	1
	0
	1




Note that in both Table 1 and Table 2, more cases could be listed if more than 2 simultaneous transmissions can be supported in a single carrier or across carriers. 

Observation: At least the above switching cases should be supported for Rel-18 UL Tx switching. The MIMO layer capability and concurrent transmission capability are subject to UE capability.

Switching period location
RAN4 sent the LS [2] to ask RAN1 to discuss the location of switching period. 
	Issue 4: Location of switching period
· 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.



In Rel-16/17, one of the two bands is configured to take the switching period by RRC IE - uplinkTxSwitchingPeriodLocation. This switching period location could be configured on one of carriers of two CA bands or one of NUL & SUL band. The configured band would be impacted, and no scheduling is expected during the switching period. 
For Rel-18 UL Tx switching, the dynamic switching would involve more than two bands. The current RRC configured switching period location needs to be revisited. Take three bands switching as an example, if the RRC configuration indicates band A to take the switching period but the dynamic switching is scheduled between band B and C, there would be ambiguity as none of them is configured with switching period location. 
In Rel-18 the switching is between two different switching cases and the switching cases might concern 3 or 4 bands. Per our understanding, there are two alternatives to configure the switching period location:
a) Configure the switching period location per band pair, while the band pair includes one band before switching and one band after switching
b)  Configure the switching period location per switching case pair, while the switching cases are in Table 1 & 2. 

For Alternative a) above, there would be 3 band pairs for 3 band switching and 6 band pairs for 4 band switching. Table 3 is an example proposal for 3 band pairs. For each switching band pair, the switching period location Lswitch_x_y needs 2 bits to indicate the band index. If the switch band order doesn’t need to be differentiated, the network could configure the same location for switching from Band A to Band B and switching from Band B to Band A. Therefore, for 3 band switching, there would be 3 candidate locations for all band pairs. 

Table 3 Switching period location is configured per switching band pair for 3 band switching
	Switching band pair
	Example configuration

	Band A + Band B
	Lswitch_A_B

	Band A + Band C
	Lswitch_A_C

	Band B + Band C
	Lswitch_B_C



Table 4 is an example proposal for Alternative b) for 3 bands switching scenario. The switching case is defined in Table 1 and the Lswitch_x_y is the band index where the switching period location is. For each switching case pair, the switching period location Lswitch_x_y needs 2 bits to indicate the band index. If the switch case order doesn’t need to be differentiated, the network could configure the same location for switching from Case 1 to Case 5 and switching from Case 5 to Case 1. Therefore, for 3 band switching, there would be 15 candidate locations for all case combination. 

Table 4 Switching period location is configured per switching case pair for 3 band switching
	Switching case
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6

	Case 1
	\
	Lswitch_1_2
	Lswitch_1_3
	Lswitch_1_4
	Lswitch_1_5
	Lswitch_1_6

	Case 2
	-
	\
	Lswitch_2_3
	Lswitch_2_4
	Lswitch_2_5
	Lswitch_2_6

	Case 3
	-
	-
	\
	Lswitch_3_4
	Lswitch_3_5
	Lswitch_3_6

	Case 4
	-
	-
	-
	\
	Lswitch_4_5
	Lswitch_4_6

	Case 5
	-
	-
	-
	-
	\
	Lswitch_5_6

	Case 6
	-
	-
	-
	-
	-
	\



For Alternative a), there will be some ambiguity issue if the switching includes 3 or 4 bands. An example is switching from 1 Tx on Band A and 1 Tx on Band B -> 1Tx on Band C and 1Tx on Band D, the determination of which band should take the switching period location is unclear. Therefore, some additional technical mechanism would be needed to determine the switching period location for these 3 bands or 4 bands switching case pairs.
Alternative b) doesn’t have such issue as the configuration is per switching case pair. Therefore, we propose to configure the switching period location per switching case pair. 

Proposal 3: Network semi-static configures the switching period location on one of the bands for each switching case pair.

Switching ambiguity resolution 
In RAN1#110bis-emeeting, RAN1 decided to leverage Rel-17 RRC signaling as much as possible for Rel-18 UL Tx switching. 
	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



The major leftover issue is for Case #2, if twoT is indicated, both of two Tx chains are switched to band C. However, 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. The major difference between oneT and twoT is whether to ask both Tx chains switching to the target bands. Our understanding the FFS case is which band’s Tx should switch to the target band and which band’s Tx should remain unchanged. There are two possibilities as below, which are Case #2_1 and #2_2. Given that the network is already using {oneT, twoT} to indicate the target switching case since Rel-17, the best approach is to introduce an additional RRC parameter to indicate which Tx should be unchanged or switched.

Proposal 4: Define a new RRC parameter to indicate which Tx should be unchanged or switched for Case#2 with oneT indicator.

Table 5 Example solution for Case #2 – two Tx on band A and B and next transmission is 1 port on band C
	Network configuration
	Tx state of current slot
	Tx state of next slot

	twoT (solved)
	1Tx on band A, 1Tx on band B
	2Tx on band C

	oneT (FFS)
	Case #2_1
	
	1Tx on band A, 1 Tx on band C

	
	Case #2_2
	
	1Tx on band B, 1Tx on band C


 

Tx status during switching
In RAN1#110bis-emeeting, the following alternatives on supported switching cases for each scenario got approved. The intention to discuss the below issues is to decide when the switching period is needed for below scenarios. 

	Agreements:
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





Since Rel-16 the Switched UL is supported and any transmission on another band would require UL interruption during the switching periods.  As the major differentiation, the following text is captured in Section 6.1.6.2 of TS 38.214.
-	For the UE configured with uplinkTxSwitchingOption set to ‘switchedUL’, when the UE is to transmit a 1-port transmission on one uplink carrier on one band and if the preceding uplink transmission was a 1-port transmission on another uplink carrier on another band, then the UE is not expected to transmit for the duration of  on any of the carriers.
We suggest not change the Tx state assumption during switching for Switched UL. 
In RAN1#110bis-emeeting, it’s agreed that UE is allowed to support only some of band pairs for concurrent UL transmission based on UE capability. For the above Scenario #3, if UE reports not support concurrent transmission for certain band pair(s), we prefer not assuming 1T-1T for this/these band pairs as UE likely already excludes the implementation.   
Our preference for the above three scenarios is as follows:
· 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
· Scenario#2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands, 
· Alt.2-2: only switching cases (Tx chain states) with 2T are assumed
· Assumed switching cases are same as Scenario#1
· 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

 Proposal 5: For Tx state during switching, our preference for the above three scenarios are as follows:
· Scenario#1: For switched UL, if UE supports up to 2 port 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
· Scenario#2: For switched UL, if UE supports up to 2 port UL transmission only on some of the bands, 
· Alt.2-2: only switching cases (Tx chain states) with 2T are assumed
· Assumed switching cases are same as Scenario#1
· FFS: Scenario#3: For dual UL, if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 port 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 port UL transmission only on some of the bands

Minimum Separation time between two consecutive switches
From system performance perspective, frequent switching within a short time period would unnecessarily degrade the throughput as the switching period might be 70us or 210us. RAN1#110bis-emeeting agreed below WA which includes several alternative proposals.
	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





Figure 1 provides illustrative examples for the alternative solutions. Alt. 2 is similar as Rel-16/17 solution which allows no more than 1 switch per slot. The worst case for Alt. 2 is the first switch is on end of previous slot and the next switch is beginning of current slot, this would result back-to-back switches with limited or even no separation time between the two switches. As Rel-18 UE would be scheduled a switch among 3 or 4 bands, this back-to-back switching would be much more challenge compared with 2 band switching of Rel-16/17. Therefore, we propose to consider some restriction on minimum preparation time between two consecutive switches.
As illustrated in Figure 1, Alt. 1 & Alt. 3 might be equivalent if X = 1 and the reference SCS is same. We don’t have strong preference between Alt. 1 and 2 and think both are workable. Alt. 4 allows UE to report the minimum separation time as UE capability, which could provide more flexibility to UE implementation. 

Band A
Band B
Band C
Atl. 1: 14 symbols between two switches
Atl. 2: <=1 switch per slot, the worst case is back2back switches in two consecutive slots
Atl. 3: X slot(s) between two switches. X >= 1
Scheduled UL Tx 

Figure 1 Illustrative examples of alternative proposals for minimum separation between two consecutive switches

Proposal 6: RAN1 specify the minimum separation time between two UL Tx switches for Rel-18 UL Tx switching schemes across up to 3 or 4 bands. Among the listed Alternatives in WA, at least adopt one of Alt. 1, 2, and 4. 

Conclusions
In this paper, we have provided our views on Rel-18 UL Tx switching and made the following proposals.
Observation: At least the switching cases shown in Tables 1 and 2 should be supported for Rel-18 UL Tx switching. The MIMO layer capability and concurrent transmission capability are subject to UE capability.
Proposal 1: Due to lack of technical discussion, we propose to conclude that the below switching scenarios are not supported in Rel-18.
· {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}
· Simultaneous transmission across 2 bands in {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) (excluding simultaneous transmission between SUL and corresponding NUL)
Proposal 2: Propose Inter-band CA with SUL capable UE only reporting Switched UL for the Rel-18 UL Tx Switching band combination with SUL band. 
Proposal 3: Network semi-static configures the switching period location on one of the bands for each switching case pair.
Proposal 4: Define a new RRC parameter to indicate which Tx should be unchanged or switched for Case#2 with oneT indicator.
Proposal 5: For Tx state during switching, our preference for the above three scenarios are as follows:
· Scenario#1: For switched UL, if UE supports up to 2 port 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
· Scenario#2: For switched UL, if UE supports up to 2 port UL transmission only on some of the bands, 
· Alt.2-2: only switching cases (Tx chain states) with 2T are assumed
· Assumed switching cases are same as Scenario#1
· FFS: Scenario#3: For dual UL, if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 port 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 port UL transmission only on some of the bands
Proposal 6: RAN1 specify the minimum separation time between two UL Tx switches for Rel-18 UL Tx switching schemes across up to 3 or 4 bands. Among the listed Alternatives in WA, at least adopt one of Alt. 1, 2, and 4. 
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