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1. Introduction
The work item on supporting Multi-carrier enhancements for NR was approved in RAN 94 meeting [1] and the scope was revised in RAN 97 meeting [2]. The objects of WI on Multi-carrier UL Tx switching are listed as in the followings
	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.


In this document, the UL Tx switching schemes across up to 3 or 4 bands are discussed, including the scheme analysis of Tx switching across up 3 or 4 bands and the issues to be resolved in work item phase.
2. Discussion
2.1 Discussions on complexity reduction options for Rel-18 multi-carrier UL Tx switching
[bookmark: _Hlk116459733]In RAN1#110b-e meeting [3], the issue on complexity reduction option 2 (Option 2: UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching)  was discussed, and following agreement was agreed.
	Agreement(RAN1#110b-e)
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



[bookmark: _GoBack]In Rel-16/Rel-17, PUSCH transmission on 2 ports has wide application scenarios, when UE is close to gNB and has good channel condition, rank=2 can be used, which can improve uplink throughput efficiently. When UE is far from the gNB, rank=1 with diversity transmission can be used to improve the coverage performance. Moreover, for uplink Tx switching of Rel-16，1TX-2TX UL TX switching between two bands  has been already supported. Although Alt-1 can make UE reporting capability more flexible, the capability of uplink Tx switching seem to back off. In another words, Alt-1 will cause the UL Tx switching of Rel-18 is lower than that of Rel-16. Alt-3 requires improving UE capability and causes more complexity of implement. So it is suggested that Alt-2 is proposed if there is no new issues to consider.
As for the details on whether/how to additionally indicate 2 ports UL transmission mode for a band/cell, RAN1 can wait until RAN2 gives a response.

Proposal 1：If Rel-18 UL Tx switching for 3 or 4 bands is supported, 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) is preferred 
On complexity reduction option 3 (Option 3: UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns), the following conclusion and working assumption was reached in [4]
	Conclusion(in RAN1#110B)
No consensus in RAN1 on complexity reduction option 3

Working assumption(in RAN1#110B)
Study the following alternatives for the minimum separation time between two UL Tx switching 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 switching
· 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 RAN1#110e meeting [3], complexity reduction option 3 was discussed, and sub-issue of minimum interval between two succeeding UL Tx switching was introduced (e.g. FFS: whether/how long minimum interval between two succeeding UL Tx switching is necessary).  Since RAN1 has reached the conclusion that there is no consensus in RAN#1 on complexity reduction option 3, it is not clearly for us the motivation of working assumption above.
One possible understanding is that the minimum separation time in work assumption is applied to new cases of Tx switching schemes for across 3 or 4 bands, which don’t exist in Rel-16/Rel-17 UL Tx switching.
Proposal 2：The definition of minimum separation time between two UL TX switching is only applied to new cases of Tx switching across up to 3 or 4 bands, which don’t exist in Rel-16/Rel-17 UL Tx switching.
When 3/4 bands are configured for UL TX switching for UE, it can be assumed that the UE implementation is based Rel-16/Rel-17 architecture and processing capability. It also can be assumed that one memory unit can store one band configuration of RF parameter, including 1 port transmission and 2 port(s) transmission. And the definition of minimum separation time between two UL Tx switching need considering when the number of memory unit storing band configuration is more than number of bands configured for Tx switching. The number of memory unit depends on UE capability. Generally, the following possible conditions of capability may occur 
· Condition 1：only one memory unit for 3/4 bands UL Tx switching
If there is only one memory unit for storing RF parameter configuration of UL Tx switching, the minimum separation time between two UL Tx switching is needed even only 2 bands are configured, so it is not reasonable to discuss this issue for the Rel-16/Rel-17 switching case. And this condition shall be excluded.
· Condition 2;  two memory unit(s) for 3/4 bands UL Tx switching 
When the UE has two memory unit(s) for storing the switching bands RF parameter configuration, there is no issues of more preparation procedure time for 2 bands case. But for 3/4 bands operation, the minimum separation time between two UL Tx switching is needed when the new transmission band RF parameter is not stored in memory units, two cases as shown followings
· Case 1: three bands are involved in UL Tx switching in total. One new band is involved on the next transmission state, and the new band is not any of current UL TX switching band pair. For example, new uplink transmission will occur on band 3, and the current switching band pair is {band 1, band 2}. 
· Case 2: four bands are involved in UL Tx switching in total. Two new bands are involved on the next transmission state, and the two new bands are all not same as current UL TX switching band pair. For example, new transmission band is {band 3, and band 4}, and the current switching band pair is {band 1, band 2}.
Condition 3: three memory unit(s) for 3/4 bands UL Tx switching
When the UE has three memory unit(s) for storing the switching bands RF configuration, there is no issue of minimum separation time between two UL Tx switching for 3 bands. But for 4 bands operation, the minimum separation time between two UL Tx switching is needed when the new transmission band RF parameter is not stored in the any of three memory units, the case is shown followings
· Case 2: four bands are involved in UL Tx switching in total. Two new bands are involved on the next transmission state, and the two new bands are all not same as current UL TX switching band pair. For example, new transmission band is {band 3, and band 4}, and the current switching band pair is {band 1, band 2}. 
· Condition 4: four memory unit(s) for  4 bands UL Tx switching
When the UE has four memory unit(s) for storing the switching bands RF configuration, there is no issue of minimum separation time between two UL Tx switching for 3 bands.
Observation 1：The requirement of minimum separation time between two UL Tx switching may be different for different UE capability.
On alternatives selecting for the minimum separation time between two UL Tx switching for Rel-18 UL Tx switching schemes across up to 3 or 4 bands, some analysis are discussed as followings 
· Alt.1: define 14 symbols based on a SCS (FFS on SCS) as minimum separation time between two UL Tx switching.
The scheme of Alt.1 is simple for specification and gNB/UE implementation. The value of minimum separation time is used for all new switching case of 3/4 bands UL Tx switching. In aother word, the minimum value is specified based on Rel-17 capability and no considering the optimization issue according to different UE capability reporting .So the Alt.1 can be as candidate considering the limited TU.

· Alt.2: define that no more than one uplink Tx switching within a reference slot based on a SCS (FFS on SCS)
The scheme of Alt.2 is not new issue for uplink Tx switching, it has been introduced in Rel-16/Rel-17.We think this alternative does not resolve the issue of new switching case of 3/4 bands UL Tx switching, because the value of minimum separation time can be less than 14/7 or according to definition of Alt 2 limitation. 

· 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)
The scheme of Alt.3 can make gNB schedule more flexible, and scheduling limitation also can adapt according to different UL Tx switching cases and different UE capability. The detailed benefit depends value of X and. So it is suggested that value of X and Y can be discussed firstly before determining which alternative is adopted. In our view, there can be two possible X/Y values combination that UE reports, combination -1 ( X=1, Y=1), combination-2 ( X=0, Y=1).

· Alt.4: report the minimum separation time for different switching cases
The scheme of Alt.4 will introduce more discussing on UE capability reporting, and it is not sure whether a benefit can be obtained.

Proposal 3：The working assumption on minimum separation time can be confirmed if it is only applied to new switching cases of Rel-18.
Proposal 4：On alternatives for the minimum separation time between two UL Tx switching for Rel-18 UL Tx switching schemes across up to 3 or 4 bands, following Alt.1 or Alt.3 can be as candidate alternatives to down select. Detailed selecting depending on X or Y value
· Alt.1: define 14 symbols based on a SCS (FFS on SCS) as minimum separation time between two UL Tx switching.
· 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)
2.2 Discussions on the detailed mechanisms for Rel-18 multi-carrier UL Tx switching

	Working Assumption(ran1#110be)
Specify UL Tx switching schemes across up to 4 bands in Rel-18
Working Assumption(ran1#110be)
If Rel-18 UL Tx switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported



When the up to 3/4 bands are configured for UL Tx switching case, number of  the cases of Tx chain and corresponding antenna port states are increased comparing with Rel-16/17.For example, if 4 bands are configured for UL TX switching, there are total 10 cases of UL Tx switching. If 3 bands are configured for UL TX switching, there are total 6 cases of UL Tx switching.  The solution of reducing UE/gNB complexity of UL TX switching was disused and Option-1 and option-2 are agreed as described above sections. For the high capability UEs, all switching cases can be supported. For the low capability UEs, only sub-set of switching cases can be supported. But for specification, All 10 UL Tx switching cases should be specified for UL Tx switching schemes across up to 4 bands in Rel-18 as following table 1.

Table 1: UL Tx switching cases should be specified for UL Tx switching across up to 4 bands in Rel-18
	
	Number of Tx chains 
(carrier 1 + carrier 2+ carrier 3+carriers 4)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2+ carrier 3+carriers 4)

	Case 1
	0T+0T+1T+1T
	A1={0P+0P+0P+1P},A2={0P+0P+1P+0P},A3={0P+0P+1P+1P}

	Case 2
	0T+1T+0T+1T
	A1={0P+0P+0P+1P},A4={0P+1P+0P+0P},A5={0P+1P+0P+1P}

	Case 3
	0T+1T+1T+0T
	A2={0P+0P+1P+0P},A4={0P+1P+0P+0P},A6={0P+1P+1P+0P}

	Case 4
	1T+1T+0T+0T
	A4={0P+1P+0P+0P},A8={1P+0P+0P+0P},A12={1P+1P+0P+0P}

	Case 5
	1T+0T+1T+0T
	A2={0P+0P+1P+0P},A8={1P+0P+0P+0P},A10={1P+0P+1P+0P}

	Case 6
	1T+0T+0T+1T
	A1={0P+0P+0P+1P},A8={1P+0P+0P+0P},A9={1P+0P+0P+1P}

	Case 7
	0T+0T+0T+2T
	B1={0P+0P+0P+2P},A1={0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	B2={0P+0P+2P+0P},A2={0P+0P+1P+0P}

	Case 9
	0T+2T+0T+0T
	B4={0P+2P+0P+0P},A4={0P+1P+0P+0P}

	Case 10
	2T+0T+0T+0T
	B8={2P+0P+0P+0P},A8={1P+0P+0P+0P}



The total UL Tx switching cases above means that all four bands can support up to 2 ports UL transmission and each band pair(s) can support concurrent transmission. It is suggested to modify the working assumption as following
· Specify UL Tx switching schemes across up to 4 bands in Rel-18 assuming all four bands can support up to 2 ports UL transmission and each band pair(s) can support concurrent transmission
Proposal 5: Modify and confirm the following working assumption 
· Specify UL Tx switching schemes across up to 4 bands in Rel-18 including all four bands can support up to 2 ports UL transmission and each band pair(s)  can support concurrent transmission
Proposal 6: Confirm the following working assumption 
· If Rel-18 UL Tx switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported
If up to 3/4 bands are configured for UL Tx switching case, following agreements was made regarding detailed switching cases in [4].
	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




For scenario#1, all the configured 3/ 4 bands can perform  up to 2 ports transmission , so switching cases (Tx chain states) with 2T are assumed are supported naturally. As for Alt.1-2 scheme, 1T-1T case is not necessary since the 1-port of antenna configuration has been supported for corresponding 2T transmission of carrier. An example that all four bands support up to 2 ports transmission and no band pair supporting concurrent transmission is shown as following table 

Table 2: Cases supported for scenario#1 (assuming no band pair supporting concurrent transmission)
	
	Number of Tx chains 
(carrier 1 + carrier 2+ carrier 3+carriers 4)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2+ carrier 3+carriers 4)

	Case 7
	0T+0T+0T+2T
	B1={0P+0P+0P+2P},A1={0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	B2={0P+0P+2P+0P},A2={0P+0P+1P+0P}

	Case 9
	0T+2T+0T+0T
	B4={0P+2P+0P+0P},A4={0P+1P+0P+0P}

	Case 10
	2T+0T+0T+0T
	B8={2P+0P+0P+0P},A8={1P+0P+0P+0P}




Proposal 7: Scenario#1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, the following Alt.1-1 is supported
· Alt.1-1: only switching cases (Tx chain states) with 2T are assumed

For Scenario#2, not all configured 3/4 bands can perform up to 2 ports transmission. For the bands that support up to 2 ports transmission, the switching cases including 2T is assumed. For the bands that only support 1 port transmission, what kind of switching case is supported according to indication of oneT /twoT indication of uplinkTxSwitching-DualUL-TxState parameter defined in R16 as following 
· If  “oneT” is indicated, the switching case  (Tx chain states) with 1T-T is  assumed.
· If “twoT” is indicated, the switching case (Tx chain states) with 2T is  assumed.
If there is no uplinkTxSwitching-DualUL-TxState parameter configuration, the switching case (Tx chain states) with 2T is assumed

Table 3 shows that the cases are supported for the scenario #2. It is assumed that no band pair supporting concurrent transmission and only carrier-4 supporting up to 2 ports transmission and uplinkTxSwitching-DualUL-TxState parameter is indicated as “twoT”

Table 3: cases supported for scenario#2 (assuming no band pair supporting concurrent transmission and only carrier-4 supporting up to 2 ports transmission and  “twoT” is configured)
	
	Number of Tx chains 
(carrier 1 + carrier 2+ carrier 3+carriers 4)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2+ carrier 3+carriers 4)

	Case 7
	0T+0T+0T+2T
	B1={0P+0P+0P+2P},A1={0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	B2={0P+0P+2P+0P},A2={0P+0P+1P+0P}

	Case 9
	0T+2T+0T+0T
	B4={0P+2P+0P+0P},A4={0P+1P+0P+0P}

	Case 10
	2T+0T+0T+0T
	B8={2P+0P+0P+0P},A8={1P+0P+0P+0P}


Note: The item of red color with deleting line shall not exist and UE does not support them.

Proposal 8: Scenario#2: For the band where 2 ports UL transmission is not supported, switching cases (Tx chain states) with 1T-1T or 2T depend on uplinkTxSwitching-DualUL-TxState indication
· If  “oneT” is indicated, the switching case  (Tx chain states) with 1T-T is  assumed
· If “twoT” is indicated, the switching case  (Tx chain states) with 2T is  assumed
· If there is no uplinkTxSwitching-DualUL-TxState parameter configuration for a special carrier, the switching case (Tx chain states) with 2T is assumed.

For Scenario#3, all configured bands can support up to 2 ports transmission, only some specific band pair(s) support concurrent transmission, and some other band pair(s) does not support concurrent transmission. To simple operation to select switching case, the following scheme can be used 
· For band pair that supporting concurrent transmission, corresponding switching case(s) with 1T-1T for the band pair(s) are assumed. And corresponding antenna ports number of 1P+1P is supported.
· For band pair that not supporting concurrent transmission, corresponding switching case(s) with 1T-1T for the band pair(s) are assumed. But corresponding antenna ports number of 1P+1P is not supported.
For following table 4 shows that the cases shall be supported for the scenario #3, it is assumed that only the band pair (carrier-1, carrier-2) support concurrent transmission and all carriers supporting up to 2 ports transmission.

Table 4: Cases supported for scenario#3 (assuming only band pair (carrier-1, carrier-2) supporting concurrent transmission and all carriers supporting up to 2 ports transmission)
	
	Number of Tx chains 
(carrier 1 + carrier 2+ carrier 3+carriers 4)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2+ carrier 3+carriers 4)

	Case 1
	0T+0T+1T+1T
	A1={0P+0P+0P+1P},A2={0P+0P+1P+0P},A3={0P+0P+1P+1P}

	Case 2
	0T+1T+0T+1T
	A1={0P+0P+0P+1P},A4={0P+1P+0P+0P},A5={0P+1P+0P+1P}

	Case 3
	0T+1T+1T+0T
	A2={0P+0P+1P+0P},A4={0P+1P+0P+0P},A6={0P+1P+1P+0P}

	Case 4
	1T+1T+0T+0T
	A4={0P+1P+0P+0P},A8={1P+0P+0P+0P},A12={1P+1P+0P+0P}

	Case 5
	1T+0T+1T+0T
	A2={0P+0P+1P+0P},A8={1P+0P+0P+0P},A10={1P+0P+1P+0P}

	Case 6
	1T+0T+0T+1T
	A1={0P+0P+0P+1P},A8={1P+0P+0P+0P},A9={1P+0P+0P+1P}

	Case 7
	0T+0T+0T+2T
	B1={0P+0P+0P+2P},A1={0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	B2={0P+0P+2P+0P},A2={0P+0P+1P+0P}

	Case 9
	0T+2T+0T+0T
	B4={0P+2P+0P+0P},A4={0P+1P+0P+0P}

	Case 10
	2T+0T+0T+0T
	B8={2P+0P+0P+0P},A8={1P+0P+0P+0P}


 Note: The item of red color with deleting line shall not exist and UE does not support.

Proposal 9: 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 3-2 is proposed 
· 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
The ambiguity issue on switching period location with current RRC parameter was discussed, but there is not any agreement due to lack of sufficient discussion time. The latest proposals are copied as following
	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: 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




In our understanding, the current existing RRC parameter of uplinkTxSwitchingPeriodLocation is designed only for two bands Tx switching, and gNB can configure either TRUE of FALSE for a special carrier. The TRUE means that uplink TX switching period is located on the carrier, the FALSE means that uplink Tx switching period is not located on carrier. Generally, in Rel-16/Rel-17, if one carrier is configured as FALSE, the other carrier shall be configured as TRUE. If one carrier is configured as TRUE, the other carrier shall be configured as FALSE.
When UE is configured up to 3/4 bands Tx switching operation, the ambiguity issue will occur, which results to UE cannot determine the switching period location. The possible ambiguity cases examples are given as following figure  



Figure 1 Ambiguity cases for switching period location determining 

As shown in figure 1, gNB configures 3 bands for UL Tx switching. For current RRC parameter value of uplinkTxSwitchingPeriodLocatio, carrier-1 is set as TRUE, carrier-2 is set as TRUE, and carrier-3 is set as FALSE. There are two possible ambiguity cases for switching period location determining
· Ambiguity-1： Switching happens between carrie-1 and carrier-2. Since both two carriers are configured as TRUE, UE doesn’t know how to determine the switching period location.
· Ambiguity-2： Switching happens among three carriers. The “switching from” is carrier-2 and it is set as TRUE, the “switching to” are carrier-1 and carrier-3, but the two carriers are set as different values. UE doesn’t know how to determine the switching period location.
For the Ambiguity-1, Opt.0 (Switching period location can be determined based on the indication of switching period location per band pair) can resolve the ambiguity issue. But the Opt.0 does not resolve the ambiguity-2. As described in proposed agreement 4.2.1, the option 1/3/5 can work and can be candidate schemes. To simplify the specification, the option 1 is recommended, and we slightly prefer to the switching period is located on “switching from” carrier.
For the several options described in proposed agreement 4.2.1, we understand that the “indication” is semi-static value which is configured by RRC.
Proposal 10: Following option 0 and 1 are adopted to solve the potential ambiguity issue on the switching period location.
· Opt.0: Switching period location can be determined based on the semi-static 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
2.3 Discussions on other general aspects for Rel-18 multi-carrier UL Tx switching
2.3.1 Ambiguity on switching case

If UE reported capability as dualUL mode for specific band pair(s), issue on ambiguity switching will be occurred if only 1-port transmission is scheduled. The scheme was discussed and following working assumption was reached.  

	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 lA
· 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




If the value of RRC parameter is configured as ‘twoT’, UE can determine unique state to switch. If the value of RRC parameter is configured as ‘oneT’, there are still more than one possible candidate switching states, and there are two possible alternatives as shown followings
· Alt.1: based on gNB’s configuration/indication e.g., new RRC parameter
For this alternative, new RRC parameter will be added to indicate the associated band for another Tx chain; it can make gNB more flexible configuration. Moreover, the scheme of new RRC parameter and can be used for both 3 bands and 4 bands uplink Tx switching configuration. 
In our view, the indication is not based cell group but based a specific serving cell configuration because different carrier may associate different carrier. An example of new RRC parameter (associateCarrierForAmbiguity) configuration as following

	UplinkTxSwitching ::=              SEQUENCE {
   
uplinkTxSwitchingCarrier     ENUMERATED {carrier1, carrier2,carrier3，carrier4}
associateCarrierForAmbiguity ENUMERATED {carrier1, carrier2,carrier3，carrier4}}



In the example, Rel-16 parameter of uplinkTxSwitchingCarrier is reused and extend from {carrier1，carrier 2} to  {carrier1，carrier 2,carrier 3，carrier4} due to 4 bands UL Tx switching can be configured. It is assumed that current serving cell is indicated as carrier-1. The new RRC parameter is defined in UplinkTxSwitching  as associateCarrierForAmbiguity, and the value of this parameter is carrier-2. Based this configuration, when 1 port uplink transmission is scheduled, the next transmission will be transmit to state that supports 1T (carrier 1) +1T (carrier 2).

· Alt.2: based on predefined rule
For this alternative, new RRC parameter is avoided. But it will reduce flexibility of gNB scheduling. For example, the predefined rule is “Remaining 1T is on the lowest carrier frequency among bands”, when the UE is scheduled uplink transmission on 1 port of carrier 2, the next transmission always will be transmit to state that supports 1T(carrier 1)+1T(carrier 2), although there are total three candidate switching cases if 4 bands are configured.

Proposal 11: Working assumption on the issue of ambiguous switching state is confirmed.

Proposal 12: If the value of RRC parameter is configured as ‘oneT’, the following Alt.1 is preferred, and the parameter is configured based on serving cell specific.
· Alt.1: based on gNB’s configuration/indication e.g., new RRC parameter

2.3.2 Restriction of scheduling considering RAN4’s LS
RAN4 has discussed LS of RAN1 on the interplay between two TX chains switching and gave following response [5] [6]
	RAN4 Answer: 
RAN4 has discussed the UE assumption/behavior considering two cases:
· Case 1: One of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), and the other Tx chain is maintained on either band A or band B.
For Case 1, RAN4 agreed that neither of Tx chains is expected to be used for transmission during the switching period. 
· Case 2: One of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), and the other Tx chain is maintained on a different band (named “band C”).
For Case 2, RAN4 agreed that, as baseline UE assumption, neither of Tx chains is expected to be used for transmission on band C during the switching period.



	Issue 2: Impact from switching of one Tx chain on the other Tx chain
When one of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), the other Tx chain is maintained on a different band (named “band C”) and the number of Tx chain on band C is unchanged due to the switching:
· In addition to the baseline UE assumption agreed in RAN4 #104e, RAN4 has not concluded on whether to introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged (i.e., one Tx chain is maintained on the band) during UL switching.



For the case-1 and case-2 baseline of UE implement, one Tx channel switching will interrupt the ongoing uplink transmission on another Tx channel. The interruption may cause undesirable performance decreasing, especially for short duration transmission. So for the case-1 and case-2 baseline UE implement, UE is not expected to receive scheduling signal resulting to interrupting ongoing uplink transmission due to Tx switching. The example is shown as figure 2.


Figure 2 interruption scenario caused by Tx switching 

As shown in figure 2, the DCI-1schedules the 1-por uplink transmissions on carrier-3, which will trigger one Tx channel to switch from carrier-1 to carrier-3. The DCI-2 schedules the 1-port transmission on carrier-2. Because receiving time of DCI-2 is later than T0-T_offset, DCI-2 will trigger one Tx channel to switch from carrier-1 to carrier-2 during uplink transmission on carrier-3.  The ongoing transmission on carrier-3 will be interrupted.

Proposal 13: For the case-1 and case-2 baseline UE implement, UE is not expected to receive scheduling signal resulting into interrupting ongoing uplink transmission due to TX switching.

Moreover, for the case 2 as described in LS[5], RAN4 are still discussing whether to introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged (i.e., one Tx chain is maintained on the band) during UL switching. For RAN1, the working  on Tx switching mechanism for 3/4 bands can be based on following assumption 
· “When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain which is in any of bands is also not expected to be used for transmission during the switching period.”
RAN1 can check whether new issues/optimization is needed if RAN4 determine to support optional UE capability, since there is information in RAN4 LS as following
	In addition to the baseline UE assumption agreed in RAN4 #104e, RAN4 has not concluded on whether to introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged (i.e., one Tx chain is maintained on the band) during UL switching.



Proposal 14: RAN 1 can check whether/what new issues/optimization are needed if RAN4 determine to support optional UE capability
2.3.2  UL Tx switching restriction within a slot
In R17, the switching period was defined, the range of value is {35us, 140 us, 210us}, and detailed value is based on UE capability report. During the switching period, UE cannot transmit anything on the switching band pair. Frequently switching will cause performance decreasing, so gNB is not allowed to schedule more than one uplink switching in a reference  slot, the reference slot is with µUL = max(µUL, 1, µUL, 2), where the µUL, 1 corresponds to one subcarrier spacing of involved switching, and the µUL, 2 corresponds to the other  subcarrier spacing of involved switching,
In R18, when 3/4 bands are configured for UL Tx switching; the current formula to describe UL Tx switching restriction is not suitable. Generally, following two simple options can be used for 4 bands operation 
· Option 1： µUL = max(µUL, 1, µUL, 2, µUL,3, µUL,4,);
In this option, the formula just extends from 2 SCS(s) to 4 SCS(s); the advantage is that the modification is simple for R18 specification. The disadvantage is that times of switching within a slot will increase comparing to R17, it will increase more interruption time and increase UE complexity. An example is shown as following


Figure 3 UL Tx switching restriction within a slot (option 1)
As shown in figure 3, 3 bands are configured for UL Tx switching operation, both carrier -1 and carrier-2 are 15 kHz SCS, and carrier-3 is 60 kHz SCS. When the switching is performed on band pair-1 {carrier-2， carrier-3}, the reference slot is  µUL = max(µUL, 1, µUL, 2, µUL,3,,) =2，and action of switching can occur one time within 0.25ms, it is reasonable since the carrier-3 is 60 kHz, which is included in current switching band pair-1. When the switching is performed on band pair-2 {carrier-2， carrier-1}, the reference slot is still  µUL = max(µUL, 1, µUL, 2, µUL,3,,) =2，and action of switching can occur one time within 0.25ms, it means that 4 times Tx switching are allowed within 1ms,comparing to Rel-17 rule, it may cause more interruption even the switching only occurs between carrier-1 and carrier-2 for a long time.

· Option 2：µUL =  
In option2, the UE is not expected to perform more than one uplink switching in a reference slot, where the SCS   of the reference slot for 3/4 bands is determined by the minimum SCS of the reference slot in Rel-16/Rel-17 for combinations of any two bands among 3 or 4 bands. 
· Case 1: if the UE is configured with 3 bands for UL Tx switching, and the SCS of the carriers on 3 bands are 15kHz, 15kHz and 60kHz respectively, the SCS of reference slot for 3 bands shall be as below:
µUL = .
· Case 2: If the UE is configured with 4 bands for UL Tx switching, and the SCS of the carriers on 4 bands are 15kHz, 15kHz, 60kHz and 60kHz respectively, the reference slot shall be as below:
µUL = .
Taking the UE is configured with 3 bands for UL Tx switching for example, as shown in Figure 3, when the UE is scheduled to perform UL Tx switching between band pari-1{carrier-2, carrier-3} or band pair-2{carrier-1,carrier-2}, the UE is allowed to perform at most one uplink switching in the slot with 15 kHz (1ms). 
In our view, option 2 has two advantages. One advantage is that the formula of Rel-16/Rel-17 can be reused with a little modification. Another advantage is that, compared with Rel-16/Rel-17 for switching between carrier 1 and carrier 2, the switch times within the reference duration doesn’t increase. From the UE perspective, it is preferred to apply option 2 to define the reference slot, which can reduce UE complexity for UL Tx switching among 3 or 4 configured bands.
[image: ]
[bookmark: _Ref115103204]Figure 4 UL Tx switching restriction within a slot (option 2)
Proposal 15: The UE is not expected to perform more than one uplink switching in a reference slot, where the SCS  of the reference slot for 3/4 bands is determined by the minimum SCS of the reference slot in Rel-16/Rel-17 for combinations of any two bands among 3 or 4 bands. 
· Case 1: if the UE is configured with 3 bands for UL Tx switching, and the SCS of the carrier n is the SCS of reference slot for 3 bands shall be as below:
µUL = 
· Case 2: If the UE is configured with 4 bands for UL Tx switching, and the SCS of the carrier n is , the reference slot shall be as below:
µUL =  
3. Conclusion 
In this document, the UL Tx switching schemes across up 3 or 4 bands are discussed, which includes the discussion on uplink Tx switching scheme and uplink Tx switching cases, and some proposals are given as follows.

Observation 1：The requirement of minimum separation time between two UL Tx switching may be different for different UE capability.
Proposal 1：If Rel-18 UL Tx switching for 3 or 4 bands is supported, 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) is preferred 
Proposal 2：The definition of minimum separation time between two UL TX switching is only applied to new cases of Tx switching across up to 3 or 4 bands, which don’t exist in Rel-16/Rel-17 UL Tx switching.
Proposal 3：The working assumption on minimum separation time can be confirmed if it is only applied to new switching cases of Rel-18.
Proposal 4：On alternatives for the minimum separation time between two UL Tx switching for Rel-18 UL Tx switching schemes across up to 3 or 4 bands, following Alt.1 or Alt.3 can be as candidate alternatives to down select. Detailed selecting depending on X or Y value
· Alt.1: define 14 symbols based on a SCS (FFS on SCS) as minimum separation time between two UL Tx switching.
· 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)
Proposal 5: Modify and confirm the following working assumption 
· Specify UL Tx switching schemes across up to 4 bands in Rel-18 including all four bands can support up to 2 ports UL transmission and each band pair(s)  can support concurrent transmission
Proposal 6: Confirm the following working assumption 
· If Rel-18 UL Tx switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported
Proposal 7: Scenario#1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, the following Alt.1-1 is supported
· Alt.1-1: only switching cases (Tx chain states) with 2T are assumed
Proposal 8: Scenario#2: For the band where 2 ports UL transmission is not supported, switching cases (Tx chain states) with 1T-1T or 2T depend on uplinkTxSwitching-DualUL-TxState indication
· If  “oneT” is indicated, the switching case  (Tx chain states) with 1T-T is  assumed
· If “twoT” is indicated, the switching case  (Tx chain states) with 2T is  assumed
And if there is no uplinkTxSwitching-DualUL-TxState parameter configuration for a special carrier, the switching case (Tx chain states) with 2T is assumed.
Proposal 9: 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 3-2 is proposed 
· 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
Proposal 10: Following option 0 and 1 are adopted to solve the potential ambiguity issue on the switching period location.
· Opt.0: Switching period location can be determined based on the semi-static 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
Proposal 11: Working assumption on the issue of ambiguous switching state is confirmed.
Proposal 12: If the value of RRC parameter is configured as ‘oneT’, the following Alt.1 is preferred, and the parameter is configured based on serving cell specific.
· Alt.1: based on gNB’s configuration/indication e.g., new RRC parameter
Proposal 13: For the case-1 and case-2 baseline UE implement, UE is not expected to receive scheduling signal resulting into interrupting ongoing uplink transmission due to TX switching.
Proposal 14: RAN 1 can check whether/what new issues/optimization are needed if RAN4 determine to support optional UE capability
Proposal 15: The UE is not expected to perform more than one uplink switching in a reference slot, where the SCS  of the reference slot for 3/4 bands is determined by the minimum SCS of the reference slot in Rel-16/Rel-17 for combinations of any two bands among 3 or 4 bands. 
· Case 1: if the UE is configured with 3 bands for UL Tx switching, and the SCS of the carrier n is the SCS of reference slot for 3 bands shall be as below:
µUL = 
· Case 2: If the UE is configured with 4 bands for UL Tx switching, and the SCS of the carrier n is , the reference slot shall be as below:
µUL =  
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