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Introduction
[bookmark: _Hlk510705081]RAN#94 in December 2021 approved a new WI on Multi-carrier enhancements, and the WID was further revised (schedule update and WI identifier) in RAN#95 in [1] and yet again in RAN#96 [2] (clarifying the applicability of the two-TAG note). The second objective of the updated WID [3] (copied below) is to be further worked on in RAN1#111 under the agenda item 9.9.2 Multi-carrier UL Tx switching scheme.
	2. Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Note: The number of TAGs is limited to up to 2.
· Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope. The work is limited to RAN4.
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed



1 Discussion on complexity reduction schemes
RAN1#110 made a working assumption to support one or more complexity reduction options and RAN1#110bis worked on all of them
	Working Assumption [RAN1#110]
· 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

	· RAN1 will support one or more of following complexity reduction options, considering at least the potential additional preparation time, additional interruption time, and RF complexity for certain switching cases/patterns, if Rel-18 UL Tx switching is supported based on Alt.1, and companies are encouraged to investigate options with striving for down-selection at RAN1#110bis-e.

	· Option 1: UE is allowed to support only some of concurrent UL cases (band pairs)
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: potential capability/RRC signaling

	· Option 2: UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching
· FFS: at least two bands should support up to 2 Tx as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for both switched UL and dual UL cases or only for dual UL case
· FFS: whether/how to reuse or extend existing capability/RRC signaling

	· Option 3: UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns
· FFS: specific switching cases/patterns where more preparation procedure time (or interruption time) is necessary, e.g., switching patterns not existed in Rel-17
· FFS: how long preparation procedure time and/or interruption time is necessary, and whether RAN4 involvement is necessary
· FFS: whether/how to report/indicate the specific switching cases/patterns and/or value(s) of preparation procedure time (or interruption time)
· FFS: what is the definition of preparation procedure time or interruption time, including whether interruption happens during the preparation procedure time and whether it includes switching period
· FFS: whether/how long minimum interval between two succeeding UL Tx switching is necessary

	· Option 4: UE is allowed to support only some of band pairs for tx switching
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for switched UL and/or dual UL 
· FFS: potential capability/RRC signaling

	· Other options are not precluded



Option 1: UE is allowed to support only some of concurrent UL cases (band pairs)
RAN1#110bis made the following agreement on option 1:
	Agreement
Ask RAN2 to 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
· Note：If there is no report on the supported band pair(s) for concurrent transmission while the UE reports “dualUL” or “both” for the band combination, gNB may assume that the UE supports concurrent transmission on all the band pairs within the band combination
· Alt.3: report {dualUL} for each band pair in the band combination
· Note: Within the band combination, the UE shall be capable of being operated in switched UL mode for all band pairs



Observation 1: The UE complexity reduction option 1 UE is allowed to support only some of concurrent UL cases (band pairs) was agreed in RAN1#110bis. RAN1 asked RAN2 to define the signalling. No further RAN1 discussion needed

Option 2: UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching
RAN1#110bis made the following agreement on alternatives to down-select on option 2: 
	Agreement
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



Rel-16 UL Tx Switching requires that one of the two bands supports 2-port transmission. Rel-17 UL Tx Switching extended the feature to support 2-port transmission on both of the bands in the configuration. Rel-18 UL Tx Switching should be understood to be building on top of the Rel-16/17 framework allowing more bands in the combination. Hence at minimum the Rel-16 requirement for 1 band with 2-port capability should be retained while the Rel-17 extension would be a more natural baseline.
Proposal 1: Complexity reduction Option 2 UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching is supported as follows: 
· Do not require the UE to support 2-port transmission in all the bands in a UL Tx Switching band combination 
· At least two bands should support up to 2 ports UL transmission for both switched UL and dual UL

Option 3: UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns
RAN1 concluded the discussion in RAN1#110bis as below, No need to discuss further
Conclusion
No consensus in RAN1 on complexity reduction option 3
Observation 2: The UE complexity reduction option 3 UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns was concluded in RAN1#110bis. No further RAN1 discussion needed

Option 4: UE is allowed to support only some of band pairs for tx switching
RAN1#110bis moderator proposed conclusion (proposed conclusion 3.4) was not to support option 4, while it was noted in the discussion that limitations for simultaneous transmission on some band pairs is part of complexity reduction option 1. However, no concrete conclusion or agreement was minued,
Proposal 2: Complexity reduction Option 4 UE is allowed to support only some of band pairs for tx switching is not supported: 
· Limitations for simultaneous transmission on some band pairs is part of complexity reduction option 1 UE is allowed to support only some of concurrent UL cases (band pairs)

1.1 Minimum separation time between two switches
On the “Other options are not precluded” option working assumption of RAN1#110 for complexity reduction, RAN1#110bis made the following agreement on minimum duration between two UL Tx Switches:
	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



Alt.1 and Alt.2 may lead to too restrictive operation. The following three figures illustrate cases where the switching gap is either absorbed by FDD carrier, both, or the TDD carrier.
Considering a 30 kHz FDD carrier with DDDSU (S-slot 10:2:2) and a 15 kHz FDD carrier with switching gaps of 35, 140 and 210 us, the following table can be devised. 
Table 1; Distance from the end of the FDD-to-TDD switch to the start of the TDD-to-FDD switch
	Location of the switching gap
	Time from the end of the 1st switch to the start of the 2nd switch

	
	15 kHz symbols
	30 kHz symbols

	Switching gap impact
	35us
	140us
	210us
	35us
	140us
	210us

	FDD always (Figure 1)
	8
	8
	8
	16
	16
	16

	FDD+TDD (Figure 2)
	8
	7
	6
	16
	14
	12

	TDD always (Figure 3)
	7
	5
	3
	15
	10
	6


FDD: 15 kHz SCS, TDD: 30 kHz SCS, DDDSU with S-slot D:G:U 10:2:2 symbols
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Figure 1: FDD15-TDD30 CA with DDDSU (10:2:2), switch always absorbed by the FDD UL (140/210us gap)
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Figure 2: FDD15-TDD30 CA with DDDSU (10:2:2), FDD-to-TDD switch absorbed by the TDD UL, TDD-to-FDD switch absorbed by the FDD UL (140/210us gap)
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Figure 3: FDD15-TDD30 CA with DDDSU (10:2:2), switch always absorbed by the TDD UL (140/210us gap)

We don’t see a need for more than one switching pair per TDD cycle, where the minimum assumption would be a 14 symbol UL-phase on the TDD pattern, with 30 kHz SCS. If the switching gap is absorbed by the TDD uplink the usable UL region on the TDD carrier becomes too small to be practical especially with 140 and 210 us switching gaps. 
Proposal 3: The minimum distance from the end of one switching gap to the start of the next switching gap is 6 symbols of 15 kHz SCS / 12 symbols of 30 kHz SCS
Conclusion
In this contribution the following observations and proposals are made:
Observation 1: The UE complexity reduction option 1 UE is allowed to support only some of concurrent UL cases (band pairs) was agreed in RAN1#110bis. RAN1 asked RAN2 to define the signalling. No further RAN1 discussion needed
Proposal 1: Complexity reduction Option 2 UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching is supported as follows: 
· Do not require the UE to support 2-port transmission in all the bands in a UL Tx Switching band combination 
· At least two bands should support up to 2 ports UL transmission for both switched UL and dual UL
Observation 2: The UE complexity reduction option 3 UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns was concluded in RAN1#110bis. No further RAN1 discussion needed
Proposal 2: Complexity reduction Option 4 UE is allowed to support only some of band pairs for tx switching is not supported: 
· Limitations for simultaneous transmission on some band pairs is part of complexity reduction option 1 UE is allowed to support only some of concurrent UL cases (band pairs)
Proposal 3: The minimum distance from the end of one switching gap to the start of the next switching gap is 6 symbols of 15 kHz SCS / 12 symbols of 30 kHz SCS
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