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1. Introduction
This contribution summarizes contributions submitted to AI 9.9.2 regarding the multi-carrier UL Tx switching scheme and corresponding discussion at RAN1#111 meeting.
Any announcement regarding this summary is provided in following email thread.
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3. Discussions on the assumption on supported switching cases in each scenario and applicability of the conditions where the switching gap is required
At the last RAN1 meeting, following agreements were made. Based on the agreements, companies provided their views on the supported switching cases in each scenario and applicability of the agreed conditions where the switching gap is required to each scenario.
	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 
· 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



3.1	Assumption on supported switching cases (Tx chain states) for Scenario#1 (For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination)
In contributions, following proposals were made.
	[1]
	Proposal 1: For Rel-18 UL Tx switching configured with “switchedUL”, to be in line with the agreed determination of switching gap between two bands, confirm that only switching case with 2Tx on the transmitted band is assumed for the determination of switching gap if 2-port UL transmission is reported as support on the band.

	[2]
	[bookmark: _Ref118707938]Proposal 1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, only switching cases (Tx chain states) with 2T are assumed. (Alt 1-1 in Scenario #1).

	[4]
	Observation 1: In Rel. 16 and 17 switched UL mode, if a UE is to transmit a 1-port transmission on a 2-port capable band, the UE switches two Tx to the 2-port capable band.

	[5]
	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

	[6]
	Proposal 1. 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 

	[8]
	Proposal 8: For switched UL, all the UL switching cases should be supported despite of whether 2 ports transmission is supported on a band or not. 
· For example, the switching cases summarized in Table 1 should be supported if UL Tx switching involves 4 bands.

	[9]
	· Scenario#1: Alt.1-1 (only switching cases (Tx chain states) with 2T are assumed). 
Proposal 4: Switching cases (Tx chain states) with 2T only are assumed for switched UL and band pairs not supporting concurrent transmission when dual UL is configured.

	[10]
	Proposal 1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, 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.

	[12]
	Proposal 1. Considering the supported switching cases (Tx chain states) for the following scenarios
· Scenario#1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, 
· both switching cases (Tx chain states) with 2T and switching cases (Tx chain states) with 1T-1T can be assumed
Proposal 2. If dynamic UL Tx switching across 3 and 4 bands is supported, the following switching cases can be considered.
· For UL Tx switching across 3 or 4 bands in inter-band UL Option 1 CA without SUL scenarios, the mapping between Tx chains and UL transmission antenna ports can be defined as in Table 1 and Table 2.
Table 1. 2Tx-2Tx switching across 3 bands for UL CA option 1 (switched UL)
	 
	Number of Tx chains in WID 
(band A+band B+band C)
	Number of antenna ports for UL transmission 
(band A+band B+band C)

	Case 1
	2T+0T+0T
	2P+0P+0P, 1P+0P+0P

	Case 2
	0T+2T+0T
	0P+2P+0P, 0P+1P+0P

	Case 3
	0T+0T+2T
	0P+0P+2P, 0P+0P+1P


Table 2. 2Tx-2Tx switching across 4 bands for UL CA option 1 (switched UL)
	 
	Number of Tx chains in WID 
(band A+band B+band C+band D)
	Number of antenna ports for UL transmission 
(band A+band B +band C+band D)

	Case 1
	2T+0T+0T+0T
	2P+0P+0P+0P, 1P+0P+0P+0P

	Case 2
	0T+2T+0T+0T
	0P+2P+0P+0P, 0P+1P+0P+0P 

	Case 3
	0T+0T+2T+0T
	0P+0P+2P+0P, 0P+0P+1P+0P

	Case 4
	0T+0T+0T+2T
	0P+0P+0P+2P, 0P+0P+0P+1P




	[14]
	Proposal 1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, only switching cases (Tx chain states) with 2T are assumed.

	[15]
	In Scenario #1, Alt.1-1 follows the principles and assumptions of Rel-17 UL Tx switching.

	[16]
	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

	[17]
	Proposal 1 [bookmark: _Toc118665947]Support Scenario#1 with Alt1-1 as the alternative among the agreed alternatives for switching cases.

	[19]
	Proposal #4: For switchedUL case, support Alt 1-1 for Scenario#1 and Alt 2-1 for Scenario#2 with the followings to reduce the Tx switching cases 
· When 2-port transmission is not allowed on specific two bands (or a band pair) of 3 or 4 bands, 1T-1T state can be assumed for the band pair and 2T state for those bands can be removed
· When 2-port transmission is not allowed on any of 3 or 4 bands, only 1T-1T state(s) can be assumed and all 2T states for those bands can be removed



Based on above, the situation can be summarized as below.
	· Alt.1-1 (only switching cases with 2T are assumed): [1], [2], [5], [6], [8], [9], [10], [12], [14], [15], [16], [17], [19]
· Alt.1-2 (switching cases with 1T-1T are also assumed): [12]



There is a majority support on Alt.1-1, i.e., only switching cases (Tx chain states) with 2T are assumed. It is aligned with Rel-17 assumption. In addition, Alt.1-2 increases number of supported switching cases so that complexity would be increased and ambiguity issue happens even for switched UL scenario.
The moderator would like to ask companies to provide feedback if any on the above summary and following potential FL proposal.
Proposed agreement 3.1
For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, 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
· Based on the assumption, the switching gap is required for every UL transmission with changing transmitting band from preceding transmission in this scenario

	Company
	Comment

	Xiaomi
	Actually our position is alt 1-2. We don’t see technical difficulties to support 1T-1T switching case. Regarding the complexity, supporting 2 ports on some of bands and supporting concurrent transmission on some of bands already address the complexity concerns. Reducing switching cases is not a way to reduce complexity we ever discussed. 
However, considering the situation, we are fine to gove with the proposal for sake of progress.

	NTT DOCOMO
	We support the proposal 3.1.

	vivo
	support

	CATT
	We support the FL’s proposal. In our view, for switched UL, only 2T should be assumed for one band among 3 or 4 bands, which is in line with Rel-16 and Rel-17 switched UL mode.

	LG Electronics
	Support the proposal

	OPPO
	Support the proposal

	Qualcomm
	We support FL proposal.

	CMCC
	We are fine with the proposal if majority company support only switching cases with 2T are assumed in this situation.

	Spreadtrum
	Support.

	ZTE
	Support. This is aligned with Rel-17 principle. 

	Google
	Support the idea of this proposal. With the description in the 3rd bullet, we can remove the 1st and 2nd bullet for simplicity.

	Apple
	We support the proposal

	Moderator (NTT DOCOMO)
	Thank you very much for the feedbacks and discussion in offline session!
It seems this proposal is agreeable, and it can be common understanding among companies that the last sub-bullet of the proposal is main consequence for the specifications, and it is not necessary to specify whether/how to use 2 Tx chains for 1 port transmission in one band.

	China Telecom
	Support the FL proposal.




3.2	Assumption on supported switching cases (Tx chain states) for Scenario#2 (For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands in the band combination)
In contributions, following proposals were made.
	[1]
	Proposal 2: For Rel-18 UL Tx switching configured with “switchedUL”, when a transmission is on a band that is capable of 1Tx only, the remaining idle 1Tx chain can be on any band within the configured band combination, i.e. the exact band for the idle 1Tx chain is up to UE implementation. 

	[2]
	[bookmark: _Ref118707943]Proposal 2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands (Alt 2-1 in Scenario #2)
· for the band where 2 ports UL transmission is supported, switching cases (Tx chain states) with 2T are assumed.
· for the band where 2 ports UL transmission is not supported, if one or two band in a band pair does not support 2 port UL transmission, 1T-1T state can be assumed for the band pair.

	[4]
	Observation 2: For applying switched UL mode over 3 or 4 bands with at least 1 band supports only 1-port transmission, ambiguous antenna states resolution is needed.
Proposal 2: For switched UL mode, if UL switching over 3 or 4 bands is supported, introduce a new RRC parameter to resolve ambiguous antenna states (e.g., uplinkTxSwitching-SwitchedUL-TxState).
Observation 3: For applying switched UL mode over 3 or 4 bands with at least 2 bands supports only 1-port transmission, the legacy switching period determination rule for switched UL mode might introduce an unnecessary switching period with no purpose. 
Proposal 3 (text proposal): 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 NTx1-Tx2 on any of the carriers, if neither the scheduled carrier nor the carrier of the preceding uplink transmission are on the band that supports 2-port transmission, and the UE is not able to transmit the 1-port transmission with current antenna operation state.

	[5]
	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.

	[6]
	Proposal 2. 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 

	[8]
	Proposal 8: For switched UL, all the UL switching cases should be supported despite of whether 2 ports transmission is supported on a band or not. 
For example, the switching cases summarized in Table 1 should be supported if UL Tx switching involves 4 bands.

	[9]
	· Scenario#2: Alt.2-2 (only switching cases (Tx chain states) with 2T are assumed) 
Proposal 4: Switching cases (Tx chain states) with 2T only are assumed for switched UL and band pairs not supporting concurrent transmission when dual UL is configured.

	[10]
	Proposal 2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands in the band combination, the switching period is required when the UL transmissions are switched between different bands in a band pair, and the length is as the reported value by the UE for the band pair taking into account all the Tx chain state implementation.

	[12]
	Proposal 1. Considering the supported switching cases (Tx chain states) for the following scenarios
· Scenario#2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands, 
· both switching cases (Tx chain states) with 2T and switching cases (Tx chain states) with 1T-1T can be assumed

	[14]
	Proposal 2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands in the band combination, following alternatives can be considered.
· Alt.1: only switching cases (Tx chain states) with 2T are assumed.
· Alt.2: UE capability to differentiate following assumptions is introduced.
· Assumption 1: only switching cases (Tx chain states) with 2T are assumed
· Assumption 2: for the band where 2 ports UL transmission is not supported, switching cases (Tx chain states) with 1T-1T can be assumed while switching case with 2T on the band is not assumed
· If there is only one band where 2 ports UL transmission is not supported, supported switching cases (Tx chain states) are ({1T, 1T, 0T}, {0T, 2T, 0T}, {0T, 0T, 2T}) in case of 3 bands and ({1T, 1T, 0T, 0T}, {0T, 2T, 0T, 0T}, {0T, 0T, 2T, 0T}, {0T, 0T, 0T, 2T}) in case of 4 bands
· If there are 2 bands where 2 ports UL transmission is not supported, supported switching cases (Tx chain states) are ({1T, 1T, 0T}, {0T, 0T, 2T}) in case of 3 bands and ({1T, 1T, 0T, 0T}, {0T, 0T, 2T, 0T}, {0T, 0T, 0T, 2T}) in case of 4 bands
· If there are 3 bands where 2 ports UL transmission is not supported, supported switching cases (Tx chain states) are ({1T, 1T, 0T}, {0T, 0T, 2T}) in case of 3 bands and ({1T, 1T, 0T, 0T}, {0T, 0T, 2T, 0T}, {0T, 0T, 0T, 2T}) in case of 4 bands
· If there are 4 bands where 2 ports UL transmission is not supported, supported switching cases (Tx chain states) are ({1T, 1T, 0T, 0T}, {0T, 0T, 1T, 1T}) in case of 4 bands

	[15]
	Proposal 5: For Rel-18 UL Tx Switching with 3 or 4 bands, when more than one resulting state of Tx chain configuration is possible for the UE during UL Tx switching, the UE assumes the state resulting in the smallest number of Tx switches

	[16]
	Proposal 5: For Tx state during switching, our preference for the above three scenarios are as follows:
· 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

	[19]
	Proposal #4: For switchedUL case, support Alt 1-1 for Scenario#1 and Alt 2-1 for Scenario#2 with the followings to reduce the Tx switching cases 
· When 2-port transmission is not allowed on specific two bands (or a band pair) of 3 or 4 bands, 1T-1T state can be assumed for the band pair and 2T state for those bands can be removed
· When 2-port transmission is not allowed on any of 3 or 4 bands, only 1T-1T state(s) can be assumed and all 2T states for those bands can be removed



Based on above, the situation can be summarized as below.
	· Alt.2-2 (only switching cases with 2T are assumed): [1], [6], [8], [9], [10], [14], [16]
· 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): [2], [4], [15], [19]
· Alt.2-3 (switching cases with 1T-1T are also assumed): [12]
· Alt.2-1 or 2-2: [5], [14]
· Based on gNB configuration {oneT, twoT} via uplinkTxSwitching-DualUL-TxState: [5]
· Based on UE capability: [14]



Larger number of companies supports Alt.2-2, i.e., only switching cases (Tx chain states) with 2T are assumed. It can achieve common assumption/behavior with scenario#1 irrespective of UE’s support on up to 2 ports transmission for each band in the band combination, and hence it would be good in terms of simplicity. In addition, it can avoid potential ambiguity issue with 1T-1T switching cases.
The moderator would like to ask companies to provide feedback if any on the above summary and following potential FL proposal.
Proposed agreement 3.2
For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands in the band combination, 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
· Based on the assumption, the switching gap is required for every UL transmission with changing transmitting band from preceding transmission in this scenario

	Company
	Comment

	Xiaomi
	Same comments as proposal 1.  Our preference is alt. 2-1.
However, if majority view is alt 2-2, we can live with it for sake of progress and unified solution for different scenarios.

	NTT DOCOMO
	Although one of our proposals is to support both Alt.2-1 and 2-2 based on UE capability, we are fine with the proposal 3.2 (i.e., Alt.2-2 only). As we pointed in our contribution, to support Alt.2-1, further discussion on exact supported switching cases according to number of bands supporting up to 2 ports would be necessary.

	vivo
	No, we still prefer alt 2-1 that 1T-1T can be assumed. It is weried that UE always assumes 2T for a band not supporting 2T. Additionally, allowing 1T-1T avoids uncessary TX switching and imporive effiency.

	CATT
	For the band where 2-port UL transmission is not supported, if 1T-1T can be assumed, it can reduce switch gap for the case that a 1-port UL transmission changes from on one band to another band. Meanwhile, the ambiguity issue with 1T-1T switching cases will be introduced for switched UL mode. Consider limited TU, we are ok with current proposal.

	LG Electronics
	Prefer Alt 2-1. In Rel-18, 2 port UL transmission may not be allowed in some bands by UE capability, as in the previous agreement. It is a newly introduced UE capability than the Rel-16/17, so it may make the assumptions on switched UL for Rel-18 defer from that for Rel-16/17. We need to discuss whether 2T state should still be maintained for band or band pair where 2 port transmission is not allowed. It should be noted that if switchedUL is configured and 1T-1T is assumed for a band pair where 2T state is not maintained and 2 port transmission is not allowed at the same time, the overall swithiching case may decrease.

	OPPO
	ok with the principle. We wonder why Proposals 3.1 and 3.2 are discussed separately, since Proposal 3.1 looks like a special case of 3.2.   

	Qualcomm
	We support FL proposal.

	CMCC
	We also think both Alt.2-1 and Alt.2-2 can be supported, but we are fine with the proposal if majority company support only switching cases with 2T are assumed in this situation.

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Spreadtrum
	Support.
It aligns with scenario#1.

	ZTE
	The above proposal is not aligned with the Rel-16/17 design according to the WID and RAN4 specification (copied below). If one band only supports up to 1port transmission, how 2T is used for 1port transmission should be clarified. For example, is it used for full power transmission, Tx diversity or any other kind of useage? Can we assume all the UEs can support full power transmission or Tx diversity?
In any case, we think the same handling should be supported for proposal 3.2 and proposal 3.3. 

Appendix:
----------Rel-16 UL Tx switching WID-----------------
· Specify UE requirements to allow switching between case 1 and case 2 as below for two uplink carriers case inter-band EN-DC without SUL, inter-band UL CA and standalone SUL for UE supporting maximum two concurrent transmission 
	Case 1 
	1 Tx on carrier 1 and 1 Tx on carrier 2

	Case 2 
	0 Tx on carrier 1 and 2 Tx on carrier 2 




------------ Rel-17 UL Tx switching WID ---------------
· Specify UE requirements to enable Tx switching between cases, where 1 carrier on band A and 2 contiguous aggregated carriers on band B, and band A is for SUL or non-SUL and band B is a non-SUL band
· The scenarios include
· For Tx switching based on SUL band combination, or uplink CA band combination
	 
	Number of Tx chains in WID (band A + band B)

	Case 1
	1T+1T

	Case 2
	0T+2T


and
	 
	Number of Tx chains in WID (band A + band B)

	Case 2
	0T+2T

	Case 3
	2T+0T


· For Tx switching based on uplink CA band combination
	 
	Number of Tx chains in WID (band A + band B)

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T




------------ RAN4 spec ---------------
6.3A.3.3.2	Time mask for switching between two uplink carriers
In addition to the requirements in 6.3A.3.3.1 and the maximum output power requirement specified in Table 6.2A.1.3-1 with uplink assigned to two NR bands, the switching time mask specified in this clause is applicable for an uplink band pair of a inter-band UL CA configuration when the capability uplinkTxSwitchingPeriod is present, and is only applicable for uplink switching mechanisms specified in clause 6.1.6 of TS 38.214 [10], where NR UL carrier 1 is capable of one transmit antenna connector and NR UL carrier 2 is capable of two transmit antenna connectors with 3dB boosting on the maximum output power for CA power class 3 when the capability uplinkTxSwitching-PowerBoosting is present and the IE uplinkTxSwitchingPowerBoosting is enabled, and the two uplink carriers are in different bands with different carrier frequencies. The UE shall support the switch between single layer transmission with one antenna port and two-layer transmission with two antenna ports on the two uplink carriers following the scheduling commands and rank adaptation, i.e., both single layer and two-layer transmission with 2 antenna ports, and single layer transmission with 1 antenna port shall be supported on NR UL carrier 2.


	Google
	One question for clarification. Given an example that there are 4 carriers/bands support 1T-1T-2T-2T and a UE is in the state of 1T-1T-0T-0T. Why the switching period is needed when the UE is to transmit signals in 1P-0P-0P-0P, and the preceeding transmission is in 0P-1P-0P-0P?

	Apple
	We support the proposal

	Moderator (NTT DOCOMO)
	Thank you very much for the feedbacks and discussion in offline session!
Based on the discussion, it can be common understanding among companies that the last sub-bullet of the proposal is main consequence for the specifications, and it is not necessary to specify whether/how to use 2 Tx chains for 1 port transmission in one band (same as proposal 3.1).
In Rel-16, 1T-1T switching case is assumed, but the switching case is only for 1P transmission on band A(carrier 1) and 1P transmission on band B needs to be realized by another switching case 0T-2T. The consequence is as in the last sub-bullet of the proposal and hence the moderator and many companies think the proposal is aligned with Rel-16/17 principle.
If there is strong need to support Alt.2-1 in addition to Alt.2-2, we can consider corresponding UE capability.
Companies are encouraged to provide their views on such possibility.

	China Telecom
	Agree the specification only needs to specify the last sub-bullet, which is aligned with Rel-16/17 principle.

	Vivo2
	We are ok with this proposal to have a unfied design for switched UL if this is the majority’s preference.




3.3	Assumption on supported switching cases (Tx chain states) for 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)
In contributions, following proposals were made.
	[1]
	Proposal 3: For Rel-18 UL Tx switching configured with “dualUL”, when an UL Tx switching is triggered between a band pair where concurrent transmission is not supported, the switching case with 1T-1T for the band pair should not be assumed.

	[2]
	[bookmark: _Ref118707951]Proposal 3: For dual UL, if UE does not support concurrent transmission on specific band pair(s), corresponding switching case(s) with 1T-1T for the band pair(s) are assumed. (Alt 3-2 in Scenario #3 and Scenario #3a)
· Assumed switching cases are same as the case where UE supports dual UL for all band pairs in the band combination.

	[5]
	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

	[6]
	Proposal 3. 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.

	[8]
	Proposal 9: For dual UL, all the UL switching cases should be supported on specific band pairs not supporting concurrent UL transmission despite of whether 2 ports transmission is supported or not. 
· For example, the switching cases summarized in Table 2 should be supported if UL Tx switching involves 4 bands.

	[9]
	· Scenario#3: Alt.3-1 (corresponding switching case(s) with 1T-1T for the band pair(s) are not assumed) 
Proposal 4: Switching cases (Tx chain states) with 2T only are assumed for switched UL and band pairs not supporting concurrent transmission when dual UL is configured.

	[10]
	Proposal 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, corresponding switching case(s) with 1T-1T for the band pair(s) are not assumed.

	[12]
	· 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: corresponding switching case(s) with 1T-1T for the band pair(s) can also be assumed

	[14]
	Proposal 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, following alternatives can be considered.
· Alt.1: all possible switching cases (Tx chain states) are assumed irrespective of band pair(s) where concurrent transmission is not supported.
· Alt.2: UE capability to differentiate following assumptions is introduced.
· Assumption 1: all possible switching cases (Tx chain states) are assumed irrespective of band pair(s) where concurrent transmission is not supported
· Assumption 2: switching case(s) with 1T-1T for the band pair(s) where concurrent transmission is not supported are not assumed

	[16]
	Proposal 5: For Tx state during switching, our preference for the above three scenarios are as follows:
· 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

	[17]
	Proposal #5: For dualUL case, it can be further discussed whether 2T state can be assumed for bands which are not allowed with 2-port transmission and whether 1T-1T state can be assumed for band pairs which are not allowed with concurrent transmission on those band pairs



Based on above, the situation can be summarized as below.
	· Alt.3-1 (corresponding switching case(s) with 1T-1T for the band pair(s) where concurrent transmission is not supported are not assumed): [1], [6], [9], [10], [16]
· Alt.3-2 (corresponding switching case(s) with 1T-1T for the band pair(s) where concurrent transmission is not supported are assumed): [2], [5], [8], [12], [14]
· Alt.3-1 or 3-2 based on UE capability: [14]



Companies’ views are split between Alt.3-1 and Alt.3-2. However, some companies argued that it would be impossible to set Tx chain state to 1T-1T on a certain band pair in some implementation so that the UE reports concurrent transmission on the band pair is not supported. In that sense, it would be difficult to take Alt.3-2 only. We should select Alt.3-1 or introduce capability to select between Alt.3-1 and 3-2. We can first check whether Alt.3-1 is acceptable or not.
The moderator would like to ask companies to provide feedback if any on the above summary and following potential FL proposal.
Proposed agreement 3.3
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, corresponding switching case(s) with 1T-1T for the band pair(s) where concurrent transmission is not supported are not assumed

	Company
	Comment

	xiaomi
	Our position is alt 3-2.
However, we think a unified solution should be persued across scenarios. If 1T-1T is not supported for scenario#1 and scenario#3, we are fine with the proposal for sake of progress.

	NTT DOCOMO
	Although our proposals are Alt.3-2 or both Alt.3-1 and 3-2 based on UE capability, we can accept the proposal 3.3 (i.e., Alt.3-1). 

	vivo
	Not support. cocurrent transmission only means 1P+1P, if cocurrent transmission is not supported, only 1P+1P is ruled out, meanwhile it is still possible for UE to switch to 1P+0P, 0P+1P for 1T-1T state.

	CATT
	Alt. 3-2 is perffered. 
For dual UL, a unified soltion should be persued for the following cases:
(1) The UE supports concurrent transmission on all band pairs and support up to 2 port UL transmission on all the bands.
(2) The UE only support concurrent transmission on some special band pairs and support up to 2-port UL transmission on all the bands.
(3) The UE supports concurrent transmission on all band pairs and support up to 2 port UL transmission on some of bands.
(4) The UE only support concurrent transmission on some special band pairs and support up to 2-port UL transmission on some of the bands.
We think the swiching case 1T-1T should be assumed for all the cases, which is a significant property of dula UL mode. Otherwise, different TX chain states will be assumed for different UE capability.

	LG Electronics
	Support the proposal. 
In addition, we prefer to adopt the unified principle across. This unified principle can be applied to both switchedUL and dualUL.

	OPPO
	Fine with FL proposal. 

	Qualcomm
	We support FL proposal.

	CMCC
	We prefer Alt 3-2. For dual UL, if UE does not support concurrent transmission on specific band pair(s), switching case(s) with 1T-1T for the band pair(s) can also be assumed by precluding 1P+1P UL transmission associated with the cases. 

	Spreadtrum
	Support.
It is beneficial to reduce the Tx chain states since some switching cases are removed.

	ZTE
	Based on our understanding, if UE doesn’t support concurrent transmission on specific band pair, network won’t schedule UL Tx switching within this band pair. In this sense, it doesn’t make sense to discuss whether 1T+1T is supported for this band pair or not. Thus, no mixed operation is supported. 
In any case, we think the same handling should be applied for proposal 3.2 and proposal 3.3.

	Apple
	We support the proposal

	Moderator (NTT DOCOMO)
	Thank you very much for the feedbacks and discussion in offline session!
Based on the discussion, if there is strong need to support Alt.3-2 in addition to Alt.3-1, we can consider corresponding UE capability.
Companies are encouraged to provide their views on such possibility.

	Huawei, HiSilicon
	OK with the FL proposal.
@ZTE, Since a UE already reports support of switchedUL for one certain band pair, it means a gNB can schedule UL Tx switching within the band pair. Could you elaborate a bit your concern for it? It is OK for a gNB to decide no scheduled transmission in the band pair, but the gNB still can schedule it. 

	China Telecom
	Support the proposal.

	Vivo2
	We still think 1T+ 1T can be assumed as 1T+1T is supported in R16/17 DUALuplink,  and we are ok to support both Alt.3-1 and 3-2 based on UE capability.
e.g.: 
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, it is subjected to UE capability whether corresponding switching case(s) with 1T-1T for the band pair(s) where concurrent transmission is not supported are or are not assumed




3.4	Assumption on supported switching cases (Tx chain states) for other scenarios
In contributions, following proposals were made.
	[2]
	[bookmark: _Ref118707971]Proposal 4: For dualUL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, besides that 2T state can be assumed for each band, switching cases (Tx chain states) with 1T-1T can also be assumed. (Alt 4-2 in Scenario #4)
[bookmark: _Ref118707983]Proposal 5: For dualUL, if UE supports up to 2 ports UL transmission only on some of the bands in the band combination, besides that 2T state can be assumed for the band which support up to 2 ports transmission, switching cases (Tx chain states) with 1T-1T can also be assumed for dualUL. (Alt 5-3 in Scenario #5)

	[8]
	Proposal 9: For dual UL, all the UL switching cases should be supported on specific band pairs not supporting concurrent UL transmission despite of whether 2 ports transmission is supported or not. 
· For example, the switching cases summarized in Table 2 should be supported if UL Tx switching involves 4 bands.

	[12]
	Proposal 2. If dynamic UL Tx switching across 3 and 4 bands is supported, the following switching cases can be considered.
· For UL Tx switching across 3 or 4 bands in inter-band UL Option 2 CA without SUL scenarios, the mapping between Tx chains and UL transmission antenna ports can be defined as in Table 3 and Table 4.
Table 3. 2Tx-2Tx switching across 3 bands for UL CA option 2 (dual UL)
	 
	Number of Tx chains in WID 
(band A+band B+band C)
	Number of antenna ports for UL transmission 
(band A+band B+band C)

	Case 1
	2T+0T+0T
	2P+0P+0P, 1P+0P+0P

	Case 2
	0T+2T+0T
	0P+2P+0P, 0P+1P+0P 

	Case 3
	0T+0T+2T
	0P+0P+2P, 0P+0P+1P

	Case 4
	1T+1T+0T
	1P+0P+0P, 1P+1P+0P, 0P+1P+0P

	Case 5
	1T+0T+1T
	1P+0P+0P, 1P+0P+1P, 0P+0P+1P

	Case 6
	0T+1T+1T
	0P+1P+0P, 0P+1P+1P, 0P+0P+1P


Table 4. 2Tx-2Tx switching across 4 bands for UL CA option 2 (dual UL)
	 
	Number of Tx chains in WID 
(band A+band B+band C+band D)
	Number of antenna ports for UL transmission 
(band A+band B +band C+band D)

	Case 1
	2T+0T+0T+0T
	2P+0P+0P+0P, 1P+0P+0P+0P

	Case 2
	0T+2T+0T+0T
	0P+2P+0P+0P, 0P+1P+0P+0P 

	Case 3
	0T+0T+2T+0T
	0P+0P+2P+0P, 0P+0P+1P+0P

	Case 4
	0T+0T+0T+2T
	0P+0P+0P+2P, 0P+0P+0P+1P

	Case 5
	1T+1T+0T+0T
	1P+0P+0P+0P, 1P+1P+0P+0P, 0P+1P+0P+0P

	Case 6
	1T+0T+1T+0T
	1P+0P+0P+0P, 1P+0P+1P+0P, 0P+0P+1P+0P

	Case 7
	1T+0T+0T+1T
	1P+0P+0P+0P, 1P+0P+0P+1P, 0P+0P+0P+1P

	Case 8
	0T+1T+1T+0T
	0P+1P+0P+0P, 0P+1P+1P+0P, 0P+0P+1P+0P

	Case 9
	0T+1T+0T+1T
	0P+1P+0P+0P, 0P+1P+0P+1P, 0P+0P+0P+1P

	Case 10
	0T+0T+1T+1T
	0P+0P+1P+0P, 0P+0P+1P+1P, 0P+0P+0P+1P




	[14]
	Proposal 4: For dual UL, 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 in the band combination, following alternatives can be considered.
· Alt.1: all possible switching cases (Tx chain states) are assumed irrespective of band pair(s) where concurrent transmission is not supported and band(s) where up to 2 ports UL transmission is not supported.
· Alt.2: UE capabilities to differentiate following assumptions are introduced
· Assumption 1: all possible switching cases (Tx chain states) are assumed irrespective of band pair(s) where concurrent transmission is not supported and band(s) where up to 2 ports UL transmission is not supported
· Assumption 2: switching case(s) with 1T-1T for the band pair(s) where concurrent transmission is not supported are not assumed, while switching cases with 2T on each band in the band pair are assumed even if up to 2 ports UL transmission is not supported for the band(s)
· Assumption 3: switching case(s) with 1T-1T even for the band pair(s) where concurrent transmission is not supported are assumed, while switching case with 2T on a band in the band pair is not assumed if up to 2 ports UL transmission is not supported for the band

	[16]
	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.



Based on above, the situation can be summarized as below.
	· For dual UL, if UE supports concurrent transmission on all band pairs and supports up to 2 ports UL transmission on all the bands in the band combination
· All 6 (10) switching cases in case of 3 (4) bands are assumed: [2], [8], [12], [16]
· For dual UL, if UE does not support concurrent transmission on some band pair(s) and supports up to 2 ports UL transmission only on some of the bands in the band combination
· Alt.4-1: All 6 (10) switching cases in case of 3 (4) bands are assumed: [2], [8], [14]
· Alt.4-2: corresponding switching case(s) with 1T-1T for the band pair(s) where concurrent transmission is not supported are not assumed: [14]
· Alt.4-3: corresponding switching case(s) with 2T for the band(s) where up to 2 ports transmission is not supported are not assumed: [14]
· Alt.4-1 or 4-2 or 4-3 based on UE capability: [14]



There are two additional scenarios we would support, one is dual UL with supporting up to 2 ports for all bands and concurrent transmission for all band pairs in the band combination, another is dual UL with supporting up to 2 ports for only some band(s) and concurrent transmission for only some band pair(s) in the band combination. Supported switching cases for the first scenario could be simply derived as all possible switching cases. For the second scenario, since it is mixed scenario of scenario#2 and #3, proposals in 3.2 and 3.3 can be referred to derive the proposal for the scenario.
The moderator would like to ask companies to provide feedback if any on the above summary and following potential FL proposals.
Proposed agreement 3.4-1
For dual UL, if UE supports concurrent transmission on all band pairs and supports up to 2 ports UL transmission on all the bands in the band combination, all possible switching cases with 1T-1T and 2T are assumed
· In case of 3 bands, 6 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}, {1T, 1T, 0T}, {1T, 0T, 1T}, {0T, 1T, 1T}) are assumed 
· In case of 4 bands, 10 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}, {1T,1T,0T,0T}, {1T,0T,1T,0T}, {1T,0T,0T,1T}, {0T,1T,1T,0T}, {0T,1T,0T,1T}, {0T,0T,1T,1T}) are assumed

	Company
	Comment

	Xiaomi
	Support.

	NTT DOCOMO
	We support the proposal 3.4-1 and this scenario should be supported (i.e., complexity reduction options 1 and 2 are optional).

	vivo
	support

	CATT
	Support FL’s proposal,

	LG Electronics
	Support the proposal. 

	OPPO
	Support the proposal. 

	Qualcomm
	We support FL proposal.

	CMCC
	Support

	Spreadtrum
	Support

	ZTE
	Support

	Apple
	We support the proposal 

	Moderator (NTT DOCOMO)
	Thank you very much for the feedbacks!
It seems the proposal is agreeable.

	China Telecom
	Support.



Proposed agreement 3.4-2
For dual UL, if UE supports up to 2 ports UL transmission only on some of the bands in the band combination, corresponding switching case(s) with 2T for the band where up to 2 ports transmission is not supported are assumed
· If the UE does not support concurrent transmission on specific band pair(s) in the band combination, corresponding switching case(s) with 1T-1T for the band pair(s) where concurrent transmission is not supported are not assumed

	Company
	Comment

	Xiaomi
	For the main bullet, we are OK.
For the subbullet, 1T-1T is not assumed for the specific band pair(s) for which concurrent transmission is not supported or for all the band pairs? 


	NTT DOCOMO
	If proposals 3.2 and 3.3 are agreed, it should be natural consequence, i.e., main bullet is aligned with proposal 3.2 and sub-bullet is aligned with proposal 3.3.

	vivo
	Similar view as we commented in 3.3.

	CATT
	Similar to proposed agreement 3.3.
We prefer to assume switching case 1T-1T for the band where up to 2 ports transmission is not supported and for the special band pairs where concurrent transmission is not supported.

	LG Electronics
	We do not support the proposal. 
We prefer to adopt the unified principle on assming 1T-1T state for band pairs according to the concurrent UL transmission configuration and assuming 2T state for the band according to the 2 port UL transmission configuration to that band. However, the current proposal tends to apply the different principle to each case. We do not see why they should be differentiated.

	OPPO
	Support the proposal

	Qualcomm
	We support FL proposal.

	CMCC
	Similar comment as the Proposed agreement 3.3. 

	Spreadtrum
	Support

	ZTE
	Similar comments as for proposal 3.3.

	Apple
	We support the proposal

	Moderator (NTT DOCOMO)
	Thank you very much for the feedbacks!
This proposal may be affected by the situation on proposal 3.3 i.e., whether Alt.3-2 can also be supported based on UE capability in addition to Alt.3-1.
If the capability is introduced, it can be applied to this scenario as well.



3.5	Applicability of the conditions where the switching gap is required to each scenario
In contributions, following proposals were made.
	[1]
	Observation 5: reusing this existing solution in Rel-17 for “switchedUL” has the following advantages, 
· The UE implementation is simple and gets more flexibility because no restriction is required for the idle Tx chain state when only the band capable of 1Tx is scheduled for transmission.
· The simplest implementation of gNB for UL-CA “SwitchedUL”, because gNB can reuse the Rel-16/17 implementation.
· Minimized specification impact to support Rel-18 UL Tx switching. The Rel-17 mechanism to determine the length of switching gap is reused, i.e. the switching gap in TS 38.214 is determined by the reported switching period only.
Proposal 9: Reuse the R17 triggering mechanism of UL Tx switching specified in S6.1.6.2 of TS 38.214 for UL-CA Option 1 for dynamic UL Tx switching across 3 or 4 bands.

	[2]
	[bookmark: _Ref115444661]Proposal 6: The Tx switching between different cases for 3 or 4 bands can at least include these situations that are almost identical to the Tx switching cases between 2 bands specified in Rel-16/Rel-17.
· Situation 1: switching between case 1 and case 2, for both switchedUL and dualUL when band A does not support up to 2 ports UL transmission and band B supports up to 2 ports UL transmission.
	
	Number of Tx chains (band A + band B + band C)

	Case 1
	1T+1T+0T

	Case 2
	0T+2T+0T


· Situation 2: switching between case 2 and case 3, for switchedUL when band A and band B support up to 2 ports UL transmission.
	
	Number of Tx chains (band A + band B + band C)

	Case 2
	0T+2T+0T

	Case 3
	2T+0T+0T


· Situation 3: switching among case 1, case 2 and case 3, for dualUL when band A and band B support up to 2 ports UL transmission.
	
	Number of Tx chains (band A + band B + band C)

	Case 1
	1T+1T+0T

	Case 2
	0T+2T+0T

	Case 3
	2T+0T+0T


[bookmark: _Ref118707991]Proposal 7: The following Tx switching between different cases for 3 or 4 bands can be supported in Rel-18:
· Situation 4: switching between case 1 and case 4, when band A and/or band B does not support up to 2 ports transmission, and band C supports up to 2 ports transmission for switchedUL, or for the case of dualUL where at least band C supports up to 2 ports transmission.
	
	Number of Tx chains (band A + band B + band C)

	Case 1
	1T+1T+0T

	Case 4
	0T+0T+2T


· Situation 5: switching between case 1 and case 5 for dualUL, or for switchedUL when band A and/or band B does not support up to 2 ports transmission, and band A and/or band C does not support up to 2 ports transmission.
	
	Number of Tx chains (band A + band B + band C)

	Case 1
	1T+1T+0T

	Case 5
	1T+0T+1T


[bookmark: _Ref118708017][bookmark: _Ref118708001]Proposal 8: The following Tx switching between different cases for 4 bands can be supported in Rel-18:
· Situation 6: switching between case 1 and case 6 for dualUL, or for switchedUL when band A and/or band B does not support up to 2 ports transmission, and band C and/or band D does not support up to 2 ports transmission.
	Case 1
	1T+1T+0T+0T

	Case 6
	0T+0T+1T+1T


Proposal 11: For switchedUL, the following new condition is 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) in case that one or two of the 2nd band and the 3rd band does not support up to 2 ports UL transmission.

	[8]
	Proposal 10: For switched UL, existing conditions where the switching period is required can be reused.
Proposal 11: For dual UL, if the UE does not support concurrent transmission on the band pair, switching period is required 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.
Observation: Regarding to switching period for existing conditions and new conditions, two scenarios needs to be considered separately:
· If existing conditions and new conditions are applied to different band pairs, it is up to UE implementation to report same or different switching period.
· If existing conditions and new conditions are applied to same band pair, it is covered RAN4’s discussion.

	[9]
	Proposal 1: RAN1 assumes the switch period is different between “Existing conditions” and “New conditions”.
· Such difference can be incorporated into UE capability that is reported for existing condition and new condition separately.  

	[14]
	Proposal 5: Applicable scenarios for the new conditions where the switching gap is required should be discussed once supported switching cases for each scenario are determined.
· In scenario#1 (switched UL, all bands support up to 2 ports), new conditions are not applicable
· In case of Alt.1 or Assumption 1 in Alt.2 in Proposal 2 for scenario#2 (switched UL, only some of the bands support up to 2 ports), new conditions are not applicable
· In case of Assumption 2 in Alt.2 in Proposal 2 for scenario#2 (switched UL, only some of the bands support up to 2 ports), some or all of new conditions may be applicable
· In case of Alt.1 or Assumption 1 in Alt.2 in Proposal 3 for scenario#3 (dual UL, only some of the band pairs support concurrent transmission, all bands support up to 2 ports), new conditions are applicable
· In case of Assumption 2 in Alt.2 in Proposal 3 for scenario#3 (dual UL, only some of the band pairs support concurrent transmission, all bands support up to 2 ports), some of new conditions may not be applicable
· In case of Alt.1 or Assumption 1 in Alt.2 in Proposal 4 for mixed scenario#2/3 (dual UL, only some of the band pairs support concurrent transmission, only some of the bands support up to 2 ports), new conditions are applicable
· In case of Assumption 2 or 3 in Alt.2 in Proposal 4 for mixed scenario#2/3 (dual UL, only some of the band pairs support concurrent transmission, only some of the bands support up to 2 ports), some of new conditions may not be applicable



Based on above, the situation can be summarized as below.
	· New conditions are not applicable to switched UL: [1], [8]
· Some of new conditions are also applicable to switched UL: [2]
· Depends on discussion in 3.2/3.3/3.4: [14]

· Switching periods for existing conditions and new conditions can be different based on reported UE capability on switching period: [8], [9]



Whether agreed new conditions are applicable to switched UL or not can be determined based on the outcome of discussions in 3.1 and 3.2, i.e., whether switching cases with 1T-1T are assumed or not. Based on the proposals in 3.1 and 3.2, the moderator would like to propose that the agreed new conditions are not applicable to switched UL scenarios.
Regarding switching periods for existing conditions and new conditions, it seems RAN1 discussion would not be necessary. RAN4 has been discussing the switching periods and capability aspects would be discussed in RAN2/4.
The moderator would like to ask companies to provide feedback if any on the above summary and following potential FL proposal.
Proposed agreement 3.5
Following new conditions are applicable to dual UL only (i.e., not applicable to switched UL)
· 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)

	Company
	Comment

	Xiaomi
	Support.

	NTT DOCOMO
	This proposal is also natural consequence if proposals 3.1 and 3.2 are agreed.

	vivo
	As FL explained, this proposal depends on the outcome of proposals in 3.1 and 3.2. the discussion should be deferred until the two proposals are concluded.
If it is agreed that switched UL allowes 1T+1T, the first new condition would be applicable to switched UL as well.

	CATT
	Support

	LG Electronics
	The 1st bullet should be revisited after discussions in section 3.3 and 3.4.
The remaining three bullets can be dependent on the result of how report/configure switchedUL/dualUL. It can be depropritized for the time being.

	OPPO
	Support the proposal. 

	Qualcomm
	We support FL proposal.

	Spreadtrum
	Support

	ZTE
	This depends on the discussion of whether 1T+1T is supported for switched UL CA and SUL. If yes, then the first bullet in the proposal is also applicable to switched UL CA and SUL.

	Apple
	Support the proposal

	Moderator (NTT DOCOMO)
	Thank you very much for the feedbacks!
As some companies pointed, this proposal relies on the outcome of proposals 3.1/3.2. Based on the latest situation on the proposals, if capability to allow 1T-1T even for switched UL is agreed, first sub-bullet is applicable to switched UL with the capability.




4. Discussions on the ambiguous state issue
At the last RAN1 meeting, following working assumption was made. Based on the working assumption, companies provided their views on the solution for the ambiguous state issue, e.g., for Case#2 and other potential cases.
	[bookmark: _Hlk119002547]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



4.1	Solution for Case#2 if oneT is indicated
In contributions, following proposals were made.
	[1]
	Proposal 11: For Case#2 of UL-CA Option 2 (i.e., 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 oneT is indicated, which Tx chain is switched to band C should be based on predefined rule (i.e., the Tx chain with smaller carrier index is switched to band C).

	[2]
	[bookmark: _Ref118708032]Proposal 15: Confirm the working assumption for ambiguity issue, a new RRC parameter can be used to indicate the Tx state after Tx switching.

	[3]
	Proposal 4: The legacy RRC configuration {oneT, twoT} via uplinkTxSwitching-DualUL-TxState is reused to address the ambiguity issue.
· 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.1-1: based on gNB’s RRC configuration
· Alt.1-2: based on gNB’s indication, e.g., DCI or MAC-CE indication
· Alt.2: based on band with a lowest/highest carrier frequency among the bands other than the band with UL scheduling

	[4]
	Observation 4: For determining solutions to resolve ambiguous switching state, SCell enable/disable procedures (e.g. by MAC CE or timer) should be considered.
Proposal 4: For ambiguous antenna state resolution, UE determines the antenna operation state according to the carriers/bands priories configured by the gNB.

	[5]
	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

	[6]
	Proposal 4. Alt.2: based on predefined rule that another Tx chain is at the lowest carrier frequency among bands can be adopted for Case#2.

	[8]
	Proposal 13: For dual UL, introduce a new RRC parameter to indicate UE the expected Tx chain switching when three bands are involved.

	[9]
	Proposal 2: For ambiguous issue for case #2, gNB’s configuration (Alt.1) subject to UE capability is preferred.

	[10]
	Proposal 4: Confirm the working assumption to reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state for dual UL.
· When two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, one Tx chain is switched to band C if oneT is indicated by uplinkTxSwitching-DualUL-TxState, a new RRC parameter is used to indicate whether another Tx chain remains on band A or band B.

	[12]
	Proposal 3. 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, and which band another Tx chain associated with can depend on gNB’s configuration.

	[14]
	Proposal 6: Following working assumption can be confirmed with updates.
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: determined based on gNB’s configuration/indication of two prioritized bands (serving cells)e.g., new RRC parameter
· If next transmission is 1 port transmission on the first prioritized band, another Tx chain is associated with second prioritized band.
· If next transmission is 1 port transmission on the band other than the first prioritized band, another Tx chain is associated with first prioritized band.
· Alt.2: based on predefined rule
· Other alternative is not precluded
· FFS for other potential cases

	[15]
	Proposal 4: For Case#2 if oneT is indicated, ambiguity how to determine the associated band for the other Tx chain is resolved via Alt.1 gNB configuration/indication, e.g., new RRC parameter

	[16]
	Proposal 4: Define a new RRC parameter to indicate which Tx should be unchanged or switched for Case#2 with oneT indicator.

	[19]
	Proposal #6: A pre-defined rule can be adopted to determine one state of Tx chain when the states of Tx chains after Tx switching is not unique even configured with uplinkTxSwitching-DualUL-TxState (i.e., configured as oneT).



Based on above, the situation can be summarized as below.
	· Alt.1 (based on gNB configuration via new RRC parameter): [2], [3], [4], [5], [8], [9], [10], [12], [14], [15], [16]
· Priorities among carriers/bands are configured: [4], [15]
· Top two prioritized carriers/bands are configured: [14]
· Associated carrier is configured for each carrier: [5], [10], [16]
· Alt.1a (based on gNB indication via DCI or MAC-CE): [3]
· Alt.2 (based on predefined rule): [1], [3], [6], [19]
· Tx chain with smaller carrier index is switched to transmitting band while another Tx chain is not switched: [1]
· Tx chain with lower (or higher) carrier remains unchanged: [19]
· Tx chain is associated with lowest (or highest) carrier frequency among bands other than transmitting band: [3], [6]



There is a majority support on Alt.1, i.e., based on gNB’s configuration/indication e.g., new RRC parameter. However, there are several detailed proposals that can solve the issue in Case#2 with oneT. One solution should be down-selected in RAN1 (or RAN2 if RAN1 cannot reach consensus to down-select one solution). 
The moderator would like to ask companies to provide feedback if any on the above summary and following potential FL proposal.
Proposed agreement 4.1
In Case#2 where two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, if oneT is indicated via uplinkTxSwitching-DualUL-TxState, one Tx chain is switched to band C and associated band for another Tx chain is determined by new RRC parameter which is down-selected from following alternatives.
· Alt.1: priorities among carriers/bands are configured, and one of the Tx chains associated with higher priority remains unchanged
· Alt.2: top two prioritized carriers/bands are configured, and another Tx chain is associated with carrier/band with first priority unless transmitting carrier/band has the first priority so that Tx chain is associated with carrier/band with second priority
· Alt.3: associated carrier is configured for each carrier so that another Tx chain is associated with the indicated carrier

	Company
	Comment

	Xiaomi
	We are fine with the proposal and our preference is alt.1. 
From our understanding, alt.2 is basically same as alt.1 as the consequence of both alt are another Tx chain is associated with the carrier with higher priority.

	NTT DOCOMO
	We support the proposal 4.1 and slight preference is on Alt.2 or Alt.3. Different from Alt.1 where the band associated with another Tx chain is selected from two bands currently associated with Tx chains, Alt.2 or 3 can indicate a certain band such as anchor band to be associated with another Tx chain irrespective of bands currently associated with Tx chains. It may be preferable if there is a certain band frequently used as anchor.

	CATT
	We prefer Alt.3. 
It can up to gNB configuration which carrier is associated with band C. It’s a simple and straight method to solve the issue in case#2.

	LG Electronics
	Not support Alt 2 and Alt 3. If Alt 2 or Alt 3 is adopted, unnecessary Tx switching can be expected. For example, on the formulatioin in the proposal, another Tx chain should be associated with band A or band B, but Alt 2/3 can allow two Tx chains are located in band C and band D. It is undesirable.

	OPPO
	Comparing with alt 1 and alt 2, Alt3 follows legacy rule  with simplest logic, i.e. RRC configuration and  provides  flexible carrier combination

	Qualcomm
	We prefer Alt. 3.

	vivo
	We are ok with resolving the issue based on priority, but we are confused why the priority is per band configured in the listed alternatives. In our view, after determining the band pair with 1TX+1TX, the switching path can be determined, and the TX to switch and the TX that remains unchanged would also be determined, thus the priority should be per pair configured. We suggest adding alt4. 
Proposed agreement 4.1
In Case#2 where two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, if oneT is indicated via uplinkTxSwitching-DualUL-TxState, one Tx chain is switched to band C and associated band for another Tx chain is determined by new RRC parameter which is down-selected from following alternatives.
· Alt.1: priorities among carriers/bands are configured, and one of the Tx chains associated with higher priority remains unchanged
· Alt.2: top two prioritized carriers/bands are configured, and another Tx chain is associated with carrier/band with first priority unless transmitting carrier/band has the first priority so that Tx chain is associated with carrier/band with second priority
· Alt.3: associated carrier is configured for each carrier so that another Tx chain is associated with the indicated carrier
· Alt4. priorities among bands pairs are configured, the TX chain that is switched to band C and the TX chain that remains unchanged are determined according to the band pair with highest priority.
e.g. , if two Tx chains are currently associated with band A and B, and the next transmission is 1 port transmission on band C. There are multiple possible switching cases where 1P on band C is supported: case4<0T+0T+2T >, case5<1T+0T+1T>, case6<0T+1T+1T >. 
· if oneT is indicated, one Tx chain is switched to band C. However, how to determine the associated band for another Tx chain is still ambiguous between case5<1T+0T+1T>, case6<0T+1T+1T >.  In this two cases, 2 TX are on band pair A+C and band pair B+C, respectively.
· Alt4 means that Priorities are configuredfor band pair A+C and band pair B+C, if the pair A+C has higher priority, then the target switching case is case5<1T+0T+1T>, thus TX chain switching to band C and the TX chain that remains unchanged are associated with band B and band A respectively.
[bookmark: _Ref118313781]Table 5 The mapping between UL transmission ports and Tx chains for 3 bands with dualUL
	 
	Number of Tx
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2) + band C (carrier 3))

	Case 1
	1T+1T+0T
	1P+0P+0P, 0P+1P+0P, 1P+1P+0P

	Case 2
	0T+2T+0T
	0P+2P+0P, 0P+1P+0P

	Case 3
	2T+0T+0T
	2P+0P+0P, 1P+0P+0P

	Case 4
	0T+0T+2T
	0P+0P+2P, 0P+0P+1P

	Case 5
	1T+0T+1T
	1P+0P+0P, 0P+0P+1P, 1P+0P+1P 

	Case 6
	0T+1T+1T
	0P+1P+0P, 0P+0P+1P, 0P+1P+1P




	Spreadtrum
	We support Alt 1. It is the simplest choice for all related cases.

	ZTE
	Regarding Alt.2, we are not sure whether Alt.2 can work well. For example, if UE considers band A and band B as first priority band and second priority band, respectively. If UE performs B+C  D, in this case, it is still not clear whether the 1Tx on band B or 1Tx on band C should be switched to band D.
Regarding Alt.3, we think it is straightforward and we can go with Alt.3.


	Moderator (NTT DOCOMO)
	Thank you very much for the feedbacks!
It seems companies are fine with the principle of the proposal i.e., solving the issue based on gNB configuration.
Among alternatives, situation is summarized as below.
· Alt.1: Xiaomi, (LG), SPRD
· Alt.2: DCM
· Alt.3: DCM, CATT, OPPO, QCM, ZTE
· Alt.4: vivo
Basically Alt.1/4 are configuring priorities so that UE can determine which one of Tx chains remains unchanged, while Alt.2/3 are basically configuring a certain band(s) to be associated with another Tx chain. We can discuss which direction is preferable before down-selecting one of the alternatives.
Companies’ further inputs will be appreciated.

	China Telecom
	We think the new RRC parameter needs to indicate a band from the two bands associated with previous Tx chain state, i.e. either band A or band B for the formulation in the proposal, so that the band of another Tx chain can be not changed. The band set which can be indicated by the new RRC parameter should depend on the two bands the switching is from.
However, for Alt.2/3, the prioritized carrier/band or the associated carrier is indicated and changed semi-statically. If band D is the indicated prioritized band or the associated band of band C, another Tx chain needs to be switched to band D even the previous associated two bands are band A and band B. It is more switching for another Tx chain. 
For Alt.4, if 4 bands are configured for Tx switching and band pair C+D has highest priority, there is still addtionnal switching for anther Tx chain to switch to band D for the the formulation in the proposal.
For Alt. 1, we think configuring priority for each band requires more signalling and is not necessary. We would like to discuss another Alt. 5 for the first direction.
Alt.5: Either Tx chain associated with lower or higher carrier frequency is configured to remain unchanged.

	Vivo2
	We can support alt3 and alt4




4.2	Other potential cases with ambiguous state issue
In contributions, following proposals were made.
	[1]
	Observation 6: The motivation of solving Tx state ambiguity is to solve whether switching gap is needed in one switching. For UL-CA Option 1 (switchedUL), a switching gap is always needed when current UL transmission band is different from the preceding band in Rel-16 and Rel-17, which is independent of Tx states. As a result, UL-CA Option 1 has no Tx state ambiguity issue.

	[3]
	Proposal 5: For SUL and switchedUL CA, for band combination A (up to 1 port transmission) +B (up to 1 port transmission) + C (up to 2 ports transmission), if UE needs to transmit firstly 2-port transmission on band C, secondly 1-port transmission on band B and thirdly 1-port transmission on band A, RRC configuration or predefined rule is required to determine the following options. 
· Opt.1 (two switching periods): After the 1st 2-port transmission, UE switches 1Tx on band C to band B to transmit the 1-port transmission on band B. 
· Opt.1-1: Then, UE switches another 1Tx on band C to band A to transmit the 1-port transmission on band A;
· Opt.1-2: Then, UE switches the 1Tx on band B to band A to transmit the 1-port transmission on band A;
· Opt.2 (one switching period): After the 1st 2-port transmission, UE switches 1Tx on band C to band B and switches another 1Tx on band C to band A simultaneously. 

	[8]
	Proposal 12: For switched UL, there is no ambiguous issue on switching state.



Based on above, the situation can be summarized as below.
	· No ambiguity issue in switched UL: [1], [8]
· Other case with ambiguity issue in switched UL: [3]
· When UE switches from 2 ports on band C to 1 port on band B and then 1 port on band A



Based on the proposals in 3.1 and 3.2, if proposals are agreed, we can also conclude that there is no ambiguity issue in switched UL.
The moderator would like to ask companies to provide feedback if any on the above summary and following potential FL proposal.
Proposed conclusion 4.2
There is no ambiguous state issue in switched UL.

	Company
	Comment

	Xiaomi
	Support.

	NTT DOCOMO
	If  proposals 3.1, 3.2 and 3.5 are agreed, we can reach to this conclusion.

	vivo
	this proposal also depends on the outcome of proposals in 3.1 and 3.2. thus, discussion should be deferred until the two proposals are concluded. 

	CATT
	Support

	LG Electronics
	This can be revisited after discussion in section 3.1 and 3.2.

	OPPO
	Support

	CMCC
	This can be discussed after the Proposed agreement 3.1 and 3.2 are reached.

	Spreadtrum
	Support

	ZTE
	This issue depends on whether 1T+1T is applied to switchedUL as well. At least the following two issues need to be considered. 
Issue#1 (1T-2T-2T scenario): For band combination A+B+C where band A supports up to 1port transmission, then if UE is going to transmit 1-port transmission on band A, network and UE have to align their understandings on which band should the another Tx be associated with.
Issue#2 (1T-1T-2T scenario): For SUL and switchedUL CA, for band combination A (up to 1 port transmission) +B (up to 1 port transmission) + C (up to 2 ports transmission), if UE needs to transmit firstly 2-port transmission on band C, secondly 1-port transmission on band B and thirdly 1-port transmission on band A, RRC configuration or predefined rule is required to determine the following options. 
· Opt.1 (two switching periods): After the 1st 2-port transmission, UE switches 1Tx on band C to band B to transmit the 1-port transmission on band B. 
· Opt.1-1: Then, UE switches another 1Tx on band C to band A to transmit the 1-port transmission on band A;
· Opt.1-2: Then, UE switches the 1Tx on band B to band A to transmit the 1-port transmission on band A;
· Opt.2 (one switching period): After the 1st 2-port transmission, UE switches 1Tx on band C to band B and switches another 1Tx on band C to band A simultaneously. 


	Moderator (NTT DOCOMO)
	Thank you very much for the feedbacks!
As some companies pointed, this proposal relies on the outcome of proposals 3.1/3.2. Based on the latest situation on the proposals, if capability to allow 1T-1T even for switched UL is agreed, probably ambiguous state issue may happen even in switched UL, and it would be potential concern to introduce the capability.

	Huawei, HiSilicon
	OK for the FL proposal. The key issue is whether a switching gap is needed when an UL Tx switching is triggered between two bands for switchedUL. In our understanding, it is always needed.



4.3	Confirming the working assumption
In contributions, following proposals were made.
	[2]
	Proposal 15: Confirm the working assumption for ambiguity issue, a new RRC parameter can be used to indicate the Tx state after Tx switching.

	[5]
	Proposal 11: Working assumption on the issue of ambiguous switching state is confirmed.

	[10]
	Proposal 4: Confirm the working assumption to reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state for dual UL.
When two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, one Tx chain is switched to band C if oneT is indicated by uplinkTxSwitching-DualUL-TxState, a new RRC parameter is used to indicate whether another Tx chain remains on band A or band B.

	[14]
	Proposal 6: Following working assumption can be confirmed with updates.
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: determined based on gNB’s configuration/indication of two prioritized bands (serving cells)e.g., new RRC parameter
· If next transmission is 1 port transmission on the first prioritized band, another Tx chain is associated with second prioritized band.
· If next transmission is 1 port transmission on the band other than the first prioritized band, another Tx chain is associated with first prioritized band.
· Alt.2: based on predefined rule
· Other alternative is not precluded
FFS for other potential cases

	[15]
	Proposal 3: Confirm the above RAN1-110b-e working assumption that at least for dual UL the existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState is reused to solve the issue on ambiguous switching state at least for the identified Case#1 and Case#2



Based on above and proposals in 4.1, it seems companies are fine to confirm the working assumption.
After the discussion in 4.1 and 4.2 i.e., if proposals are agreed, the working assumption can be confirmed with corresponding updates.
The moderator would like to ask companies to provide feedback if any on the above summary.
Proposed agreement 4.3
(TBD) Confirm the working assumption with following updates.

	Company
	Comment

	
	

	
	

	
	




5. Discussions on remaining details on the complexity reduction options
At the last RAN1 meeting, following agreements, working assumption and conclusion were made regarding complexity reduction options for Rel-18 UL Tx switching mechanism. Companies provided their views on remaining issues e.g., minimum separation time, potential restriction on the number of bands supporting up to 2 ports UL transmission, etc.
	Agreement
If Rel-18 UL Tx switching for 3 or 4 bands with dual UL is supported, UE is allowed to support only some of band pairs for concurrent UL transmission based on UE capability
· The supported band pair for concurrent transmission requires the support of UL CA on the corresponding band pair(s) by the UE
· Details on the UE capability such as how to report the support of dual UL and the supported band pair(s) for concurrent UL transmission are further discussed 
· Details on the gNB configuration/indication such as how to indicate the band pair(s) UE should expect for concurrent UL transmission are further discussed 
· Note: UE is also allowed to support all band pairs for concurrent transmission, and the design of Rel-18 UL Tx switching for 3 or 4 bands with dual UL does not impose any restriction

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

Conclusion
No consensus in RAN1 on complexity reduction option 3

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

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

Agreement
Ask RAN2 to consider following alternatives and specify gNB configuration
· Alt.1: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination)
· Alt.2: configure {switchedUL, dualUL} for combination(s) of serving cells (i.e., for each band pair in the band combination)
· Alt.3: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination), and configure combination(s) of serving cells (i.e., as supported serving cell pair(s) for each band pair in the band combination) for concurrent transmission

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

Agreement
LS on UE capability and gNB configuration for UL Tx switching across 3 or 4 bands in Rel-18 is endorsed. Final LS in R1-2210724.



5.1	Minimum separation time between two UL Tx switchings
In contributions, following proposals were made.
	[1]
	Proposal 6: The Rel-16/17 scheduling restriction of no more than one uplink Tx switching within a reference slot of SCS µUL is a baseline for Rel-18 dynamic UL Tx switching across 3 or 4 bands and should be reused as much as possible. Only the new scheduling and configuration cases that are dedicated to Rel-18 UL Tx switching can be discussed for any new scheduling restriction.
· The SCS µUL is the maximum SCS of the active UL BWPs across all configured bands.
Observation 4: The scheduling and configuration cases of only 2 bands involved in two succeeding UL Tx switching and the configured band combination where the aggregated number of supported Tx across all bands is no more than 4 have been supported in Rel-17 UEs without the new scheduling restriction Alt. 1, which can be taken as the UE capability baseline of UE RF management for Rel-18.
Proposal 7: For Rel-18 UL Tx switching, if a new scheduling and configuration restriction other than the existing Rel-16 restriction is introduced, then the new restriction can only be applied on all the conditions that
· The configured band combination whose aggregated number of supported Tx across all bands is large than 4.
· E.g. 2Tx-2Tx-2Tx band combination and 1Tx-1Tx-2Tx-2Tx band combination
· 3 or 4 bands involved in two succeeding UL Tx switching.
· More than 2 bands have UL transmissions within two consecutive reference slots where the SCS of reference slot is the maximum SCS of the active UL BWPs across all configured bands.
Proposal 8: For Rel-18 UL Tx switching, if the minimum separation time between two triggered UL Tx switching is introduced as a new scheduling and configuration restriction, then its value can be reported by UE capability with a range of {0us, 500us} for both 3-band and 4-band cases.

	[2]
	[bookmark: _Ref118747878]Proposal 16: No more than one uplink Tx switching within a reference slot based on a SCS (i.e., alt2) is supported. The SCS can be the maximum SCS of the carriers which are involved in the UL Tx switching.

	[3]
	Proposal 6: RAN1 considers the following for Rel-18 UL Tx switching
· for Rel-18 UL Tx switching among 3 bands, the UE does not expect to perform more than one uplink switching in a slot with µUL = max (µUL, 1, µUL, 2, µUL, 3), where the µUL, 1, µUL, 2 and µUL, 3 correspond to the subcarrier spacing of the active UL BWP of the first band, second band and the third band, respectively.
· for Rel-18 UL Tx switching among 4 bands, the UE does not expect to perform more than one uplink switching in a slot with µUL = max (µUL, 1, µUL, 2, µUL, 3, µUL, 4), where the µUL, 1, µUL, 2, µUL, 3 and µUL, 4 correspond to the subcarrier spacing of the active UL BWP of the first band, second band, third band and the fourth band, respectively.

	[5]
	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.
Observation 1：The requirement of minimum separation time between two UL Tx switching may be different for different UE capability.
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 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 =  

	[6]
	Proposal 5. 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)

	[7]
	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

	[8]
	Proposal 14: For Rel-18 UL Tx switching across 3 or 4 bands, UE does not more than one uplink Tx switching within a reference slot based on a SCS.
Proposal 15: For Rel-18 UL Tx switching across 3 or 4 bands, the SCS of a reference slot is the maximum value among those bands.

	[9]
	Proposal 3: No more than one uplink Tx switching is expected within a reference slot based on a µUL  =min(max(µUL,1, µUL,2),max(µUL,3, µUL,4)), where {µUL,1, µUL,2} correspond to Tx bands before Tx switch, and {µUL,3, µUL,4} correspond to Tx bands after Tx switch.

	[10]
	Proposal 6: For Rel-18 UL Tx switching across up to 3 or 4 bands, if only the same two bands are involved in total for consecutive two UL Tx switchings, the consecutive two UL Tx switchings does not happen within a reference slot based on the maximum SCS of the involved two bands.
Proposal 7: For Rel-18 UL Tx switching across up to 3 or 4 bands, if consecutive two UL Tx switchings involve 3 or 4 bands in total, the applicable cases for the minimum separation time should be limited to the cases the UE really has additional burden to switch the Tx frequently.

	[13]
	Observation 1: Different values of minimum separation time between two UL Tx switching instances is beneficial corresponding to different values of switching gaps for different switching cases
· For switching cases involving more than 1 band pair transition, switching gap can be longer and therefore corresponding minimum separation time could also be longer to avoid frequent instances of switching cases
Proposal 7: RAN1 should confirm the working assumption on the minimum separation time between two UL Tx switching instances
Proposal 8: For supporting the minimum separation time between two UL Tx switching instances, support one of the two alternatives:
· 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
· RAN4 can discuss set of values for minimum separation time
· UE can report specific value from the set corresponding to specific switching cases

	[14]
	Proposal 8: Following restriction is applied for Rel-18 UL Tx switching across 3 or 4 bands.
· [bookmark: _Hlk119106134]The UE does not expect to perform more than one uplink switching in a reference slot based on µUL = max(µUL, 1, µUL, 2, µUL, 3) in case of 3 bands, µUL = max(µUL, 1, µUL, 2, µUL, 3, µUL, 4) in case of 4 bands, where µUL, 1, µUL, 2, µUL, 3, µUL, 4 are SCSs of active bandwidth parts of the bands in the band combination
· Additionally, when the UE is to perform uplink switching where more than two bands are involved, the UE does not expect to perform the uplink switching unless it is equal to or larger than [14] symbols based on µUL  separated from the last uplink switching, where µUL = max(µUL, 1, µUL, 2, µUL, 3) in case of 3 bands, µUL = max(µUL, 1, µUL, 2, µUL, 3, µUL, 4) in case of 4 bands, and µUL, 1, µUL, 2, µUL, 3, µUL, 4 are SCSs of active bandwidth parts of the bands in the band combination

	[16]
	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. 

	[17]
	Proposal 2 [bookmark: _Toc118665948]For determining the minimum separation time between two UL Tx switching for Rel-18 UL Tx switching schemes across up to 3 or 4 bands, only switching cases that are not supported by legacy procedures should be considered (not supported by Alt1/Alt2, while possible with Alt3/Alt 4).  
Proposal 3 [bookmark: _Toc118665949]For determining the minimum separation time between two UL Tx switching for Rel-18 UL Tx switching schemes across up to 3 or 4 bands, realize Alt 3/Alt4 by introducing an anchor band.
Proposal 4 [bookmark: _Toc118665950] Apply the following procedures for dynamic UL Tx switching across 3 or 4 bands based on introduction of anchor band(s):
i. [bookmark: _Toc118665951]Indicate N band(s) among 3 or 4 bands are configured as anchor band(s). 
1. [bookmark: _Toc118665952]N = 1 for dynamic UL TX switching across 3 bands
2. [bookmark: _Toc118665953]N = 2 for dynamic UL TX switching across 4 bands (FFS N=1)
ii. [bookmark: _Toc118665954]For an indicated UL transmission, if after the preceding UL transmission, the UE is under operation state that is different from the ending state, and if none of the bands in the ending and operation states are an anchor band, the UE expects that the indicated UL transmission to occur after at least a minimum separation time after the end of the proceeding transmission.  
1. [bookmark: _Toc118665955]Note: Operation state refers to the state of Tx chains on two bands before an indicated UL transmission
2. [bookmark: _Toc118665956]Note: Ending state refers to the state of Tx chains on two bands after transmission of an indicated UL transmission
3. [bookmark: _Toc118665957]Ask RAN4 to decide for the minimum separation time

	[18]
	Proposal 1: RAN1 should not define minimum separation time between two UL Tx switchings for Rel-18 UL Tx switching.

	[19]
	Proposal #3: Adopt Alt 3 with the following revision
· Alt.3_rev: no more than one uplink Tx switching where 3 or 4 bands are involved in total within a reference duration (FFS on SCS)
· Define 2 slots as a reference duration between two UL Tx switchings where 3 bands are involved in total
· Define 3 slots as a reference duration between two UL Tx switchings where 4 bands are involved in total



Based on above, the situation can be summarized as below.
	· Alt.2 (no more than one UL Tx switching within a reference slot) is applied: [1], [2], [3], [5], [6], [8], [9], [10], [14]
· SCS for the reference slot is maximum SCS of the active UL BWPs across all configured carriers: [1], [3], [8], [14]
· SCS for the reference slot is maximum SCS of the carriers involved in the UL Tx switching: [2]
· SCS for the reference slot is minimum SCS of the reference slot in Rel-16/17 for all of two bands combinations: [5]
· SCS for the reference slot is minimum SCS of the reference slot in Rel-16/17 for band pairs before/after Tx switch: [9]
· Other Alt than Alt.2 can be considered only for specific cases: [1], [5], [10], [14], [17], [19]
· Only when 3 or 4 bands are involved in two succeeding UL Tx switchings in two consecutive reference slots: [1], [5], [10], [14], [19]
· 0 or 500 us minimum separation time based on UE capability is applied: [1]
· Alt.1 (14 symbols) is applied as minimum separation time: [5], [14]
· Alt.3 (X/Y slots when 3/4 bands are involved) is applied as minimum separation time: [5], [14], [19]
· Alt.4 (UE report minimum separation time for different switching cases) and ask values to RAN4: [17]
· Anchor band(s) is configured and if none of the bands involved for a switching is anchor band, minimum separation time is applied: [17]
· Alt.4 (UE report minimum separation time for different switching cases): [13], [16]
· Alt.3 (X/Y slots when 3/4 bands are involved) is applied as minimum separation time: [13], [16]
· Alt.1 (14 symbols) is applied as minimum separation time: [16]
· Minimum separation time is 6(12) symbols based on 15(30) kHz SCS: [7]
· No minimum separation time is defined: [18]



It seems majority of companies consider at least existing restriction (no more than one UL Tx switching within a reference slot) should be kept for Rel-18. In addition, many companies consider additional minimum separation time restriction only for specific cases such as when 3 or 4 bands are involved in two succeeding UL Tx switchings. However, regarding concrete minimum separation time for such specific cases, companies’ views are diverse. The moderator would like to check whether above principle based on many companies’ views is acceptable or not and which is preferred Alt for concrete minimum separation time.
The moderator would like to ask companies to provide feedback if any on the above summary and following potential FL proposal.
Proposed agreement 5.1
Following restrictions are applied for Rel-18 UL Tx switching across 3 or 4 bands.
· The UE does not expect to perform more than one uplink switching within a reference slot based on µUL = max(µUL, 1, µUL, 2, µUL, 3) in case of 3 bands, µUL = max(µUL, 1, µUL, 2, µUL, 3, µUL, 4) in case of 4 bands, where µUL, 1, µUL, 2, µUL, 3, µUL, 4 are SCSs of active UL bandwidth parts of the bands in the band combination
· The UE does not expect to perform more than one uplink switching involving 3 or 4 bands within a minimum separation time
· Alt.1: minimum separation time is 14 symbols (FFS on SCS)
· Alt.3: minimum separation time is X slot(s) in case of 3 bands involved for a switching and Y slot(s) in case of 4 bands involved for a switching (FFS on X, Y and SCS)
· Alt.4: minimum separation time is reported by UE for different switching cases (candidate values are to be discussed/decided in RAN4 and capability details are to be discussed/decided in RAN2)
· Alt.5: minimum separation time is reported by UE and candidate values are (0 us, 500 us)
· Alt.6: minimum separation time is 6 (12) symbols based on 15 (30) kHz SCS

	Company
	Comment

	Xiaomi
	We are supportive with the first bullet. 
For the second one, we don’t quite understand why there is a necessity to introduce minimum separation between two switching. 

	NTT DOCOMO
	We support the first bullet as baseline restriction similar to Rel-16/17. We are open to second bullet as additional restriction only for some concerned cases. We should discuss on concrete proposals at this meeting, and hence proponent of each alternative should provide SCS, values of X and Y.

	vivo
	We support the first bullet, this is alignd with R16/17 TX switching
Regarding the 2nd bullet, clarification is needed. First, th definition of minimum separation time seems different from the WA in the last meeting.
The minimum separation time in the WA is the gap between send of the first TX switching and the start of the 2nd  TX switching. But the minimum separation time in the proposal seems to refer to the gap between the start time of the two TX switching, could FL please clarify?
‘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’
For alt5, when UE reports 0us, does it mean that UE must be able perform two consecutive TX switching without gap, or does it mean that no separation time is to further considered for scheduling?

	CATT
	We support the first bullet. 
For the second bullet, it’s not clear for us the meaning of uplink switching involving 3 or 4 bands. Per our understanding, the minimum separation time is introduced for the new cases of UL TX switching among the 3 or 4 bands. 
If the ‘uplink switching involving 3 or 4 bands’ refers to the cases of 3 bands or 4 bands are involved in a UL TX switching, we are ok to down-selection among the above alternatives. But, if that refers to all the cases for UL Tx switching among the 3 or 4 bands, we can only support Alt.3. 

	LG Electronics
	Support the 1st bullet, but it should be discussed after the 2nd bullet discussion.
For the 2nd bullet, we support Alt 3

	OPPO
	We do not support the formula in 1st bullet. In our view, the two formula in 1st bullet are not compatible with the existing specification logic. Take 3-band as an example, where gNB happens to configure 3 bands {A,B,C} to UE but always uses {A,B} for UL Tx switching (i.e., Band C is kind of symbolic). Even if Band C never gets involved in real UL-Tx switching and all Tx-switching directed by gNB in real time is the same as in legacy system, it is still possible with formula in 1st bullet to make UE to do the same thing as in legacy but meanwhile to be required with shorter separation time than in legacy system if Band C happens to have the largest SCS. In our thinking, the R18 UE that faces to do more complicated task than R17 UE cannot be given shorter separation time than R17 UE. Our preference is that “SCS for the reference slot is minimum SCS of the reference slot in Rel-16/17 for band pairs before/after Tx switch”

	Qualcomm
	The first bullet (used to be Alt.2) is extending Rel-16/17 principle from two bands switching to four bands switching, which doesn’t consider the switching complexity when bands increasing. We have strong concern on back to back switching for 3 or 4 bands switching 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.  Meanwhile, we believe frequent switching within a short time period is not the intention to introduce the UL Tx switching as too many time is consumed as switching period. Among rest alternatives, we slight prefer Alt. 1 but also ok with Alt. 3 or 4. 

	CMCC
	We are fine with first bullet to align with the principle of R16/R17 UL Tx switching. For the second bullet, we are open to discuss the new cases that may need a minimum separation time and make a down-selection.

	ZTE
	We are ok with the first bullet, which is aligned with the existing rule defined since Rel-16. The existing rule should be the starting point before introducing any kind of new rule.

	Apple
	In our view, adding more alternatives at this stage is not reasonable. We should rather strive for reduced number of alternatives.
In our view, the most straightforward method is that it is up to UE capability to report the minimum separation time. For this, we can either UE reporting the minimum separation time for each of the switching case from the set of values. Or alternatively, UE can report one value of minimum separation time for 3-band case and second value of minimum separation time for 4-band case.

	Moderator (NTT DOCOMO)
	Thank you very much for the feedbacks!
The feedbacks can be summarized as below.
· Fine with first bullet: Xiaomi, DCM, vivo, CATT, LG, CMCC, ZTE
· Concern on the equation: OPPO
· Concern if only the first bullet: QCM
· Fine with second bullet: DCM, (vivo), CATT, LG, QCM, CMCC
· Concern on the second bullet: Xiaomi
· Concern on some unclear points (SCS, X, Y): DCM
· Clarification questions: vivo, CATT
Regarding the question from vivo, the definition of “minimum separation time” can be clarified for each of proposed alternatives. Whether it is either from the start of first Tx switching or from the end of first Tx switching to the start of second Tx switching can be impacted by the proposed value of minimum separation time.
Regarding Alt.5, based on the context of the proposal, 0us is candidate value for the additional separation time on top of the first bullet restriction.
Regarding the question from CATT, “uplink switching involving 3 or 4 bands” refers to new cases such as conditions listed in proposal 3.5.
Based on the above situation, the moderator suggests going to the proposed direction. If there is any company having strong concern on the proposed direction, please provide comments with reasons. Companies further inputs on preference/details on alternatives for second bullet and/or other possible equation for first bullet will also be appreciated.




5.2	Potential restriction on the number of bands supporting up to 2 ports UL transmission
In contributions, following proposals were made.
	[2]
	[bookmark: _Ref118708024]Proposal 13: 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, the following two alternatives are more preferred.
· 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

	[4]
	Proposal 1: For UE supporting only some band(s) for up to 2-port UL transmission, there is no restriction on the minimum number of band(s) for 2-port UL transmission. 

	[5]
	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 

	[6]
	Proposal 6. 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

	[7]
	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

	[8]
	Proposal 5: For Rel-18 UL Tx switching, there is no restriction on the number of bands supporting 2 ports UL transmission for both switched UL and dual UL for both 3 bands and 4 bands.

	[11]
	Proposal 3: For a case that UE is allowed to support only some of band(s) for up to 2 ports UL transmission based on UE capability, Alt 1 (no restriction for both switched UL and dual UL and for both 3 bands and 4 bands) should be supported

	[14]
	Proposal 7: Following potential restriction on number of supported bands for up to 2 ports transmission is applied.
· In case of switched UL with 3 bands, at least one band should support up to 2 ports UL transmission.
· In case of switched UL with 4 bands and dual UL with 3 or 4 bands, there is no restriction on the number of bands supporting up to 2 ports UL transmission.

	[15]
	Proposal 2: Support Alt.1: no restriction for both switched UL and dual UL and for both 3 bands and 4 bands

	[18]
	Proposal 2: For UL Tx switching among 3/4 bands, adopt Alt-1 for the number of bands with 2 ports UL transmission; “Alt.1: no restriction for both switched UL and dual UL and for both 3 bands and 4 bands”.



Based on above, the situation can be summarized as below.
	· Alt.1 (no restriction on number of bands supporting up to 2 ports UL Tx): [2], [4], [6], [8], [11], [15], [18]
· Alt.2 (at least one band should support up to 2 ports UL Tx): [2], [5]
· Alt.3 (at least two bands should support up to 2 ports UL Tx): [7]
· Alt.2 for 3 bands with switched UL, Alt.1 for other scenarios: [14]



There is a majority support on Alt.1 (no restriction on number of bands supporting up to 2 ports UL Tx). However, it is same situation as last RAN1 meeting that there are several companies supporting Alt.2 or 3 concerning performance gain from Rel-16/17 in case of Alt.1. Therefore, the moderator would like to check again whether Alt.1 is acceptable to all, and if it is still not acceptable to some companies, we may try to find some compromised approach.
The moderator would like to ask companies to provide feedback if any on the above summary and following potential FL proposal.
Proposed agreement 5.2
There is no restriction on number of bands supporting up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands.
· It is up to UE capability to support 2 ports UL transmission on none/some/all of the 3 or 4 bands

	Company
	Comment

	Xiaomi
	Support.

	NTT DOCOMO
	Although we prefer Alt.2 at least for 3 bands with switched UL, we can live with proposal 5.2 for the sake of progress.

	vivo
	Support

	CATT
	Support

	LG Electronics
	Support

	OPPO
	Support

	Qualcomm
	We support FL’s proposal.

	CMCC
	Support

	Spreadtrum
	Support

	ZTE
	Similar comment as in RAN1#110bis-e meeting. If all the bands only support up to 1 port transmission, the R18 UL Tx switching performance may be even worse than the Rel-16/17 one.
In addition, if all the bands only support up to 1 port transmission, does it mean UE equipped with only 1Tx can perform UL Tx switching? We don’t think this is aligned with the WID. This should be clearly prelcuced. For example, adding the following restriction: 
Note: UE with only 1 Tx chain is not expected to perform UL Tx switching.

	Apple
	Support

	Moderator (NTT DOCOMO)
	Thank you very much for the feedbacks!
It seems there is still strong concern at least from one company. As the moderator commented, in such case, we would need to try to find some compromised approach, e.g., allowing no restriction only for some specific cases where complexity concern is larger e.g., 4 bands and/or dual UL.
Companies’ further inputs on such possibility will be appreciated.




5.3	Details on capability and configuration on complexity reduction options
In contributions, following proposals were made.
	[2]
	[bookmark: _Ref118708020]Proposal 12: The concurrent transmission capability can be implicitly derived by the capabilities of dualUL and UL CA.
[bookmark: _Ref118708029]Proposal 14: For the UE capability, existing per-FS UL-MIMO capability can be reused.

	[7]
	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

	[8]
	Proposal 3: UE should report the band pair(s) on which concurrent UL transmission is expected.
Proposal 4: Additional configuration/indication to configure/indicate UE the band pairs supporting concurrent UL transmission is not needed, i.e. the current mechanism is sufficient.
Proposal 6: For Rel-18 UL Tx switching, the existing per-FS UL-MIMO capability can be reused.
Proposal 7: There is no need to additionally indicate 2 ports UL transmission mode for a band/cell for a Rel-18 UL Tx switching capable UE.

	[12]
	Proposal 4. 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
· The existing per-FS UL-MIMO capability can be reused for UE capability report
· Existing MIMO mechanism for MIMO mode indication should be reused

	[13]
	Proposal 1: If it is agreed to support the UE capability reporting to indicate dualUL for a 3 or 4 band combination (instead per band pair), then the following should be supported:
· For the band pairs in a 3 or 4 band combination, UE can additionally report that concurrent UL transmission is NOT supported on specific band pairs
· If no additional report on concurrent UL transmission is indicated, then by default, concurrent transmission is assumed to be supported by UE for all the band pairs in a 3 or 4 band combination
Proposal 2: For the band pairs for which UE has NOT indicated the support of concurrent UL transmission, the default assumption should be that gNB cannot configure/indicate/schedule concurrent UL transmission on those band pairs
Proposal 3: For the band pairs for which UE has indicated the support of concurrent UL transmission, gNB can configure/indicate to UE that it is not required to support concurrent UL transmission on those bands
· This can further help to relax UE complexity/implementation
Proposal 4: For UE’s reporting capability on restriction of 2-port (2T) transmission on bands within a 3 or 4 band combination, one or both of the following options can be supported:
· Option 1: If UE reports UL Tx switching support {switchedUL, dualUL, both} modes for 3 or 4 band combination, then UE can additionally report for certain band or band pairs that 2T transmission is not supported
· Option 2: Two new UL Tx switching modes can be introduced including {switchedULwithout2T, dualULwithout2T} for reporting the switching modes without the support of 2T transmission
· These modes can either be reported for a 3 or 4 band combination or for specific bands or band pairs 
Proposal 5: For the bands for which UE has NOT indicated the support of 2-port (2T) transmission, the default assumption should be that gNB cannot configure/indicate/schedule 2-port (2T) transmission on those bands
Proposal 6: For the bands for which UE has indicated the support of 2-port (2T) transmission, gNB can configure/indicate to UE that it is not required to support 2-port (2T) transmission on those bands
· This can further help to relax UE complexity/implementation
Proposal 9: For UE capability reporting for the support UL Tx switching modes, one of the following two modes should be supported:
· (modified) Alt.2: report {switchedUL, dualUL, both} for the band combination and report supported band pair for which concurrent transmission is not supported for the band combination
· If dualUL or both is indicated for a band combination, then the default assumption should be that concurrent UL transmission is supported for all the band pairs, unless addition report according to Alt 2 is provided
· Alt. 3: report {switchedUL} for the band combination and report {dualUL} for the band pair
Proposal 10: For gNB configuration/indication for the support UL Tx switching modes, Alt. 4 should be the default option i.e., no configuration of supported band pair (combination of serving cells) for concurrent transmission, i.e., UE just assumes as it reports. Additionally, modified Alt 4 can be supported:
· Alt.3: at least configuration of supported band pair (combination of serving cells) for which concurrent transmission is not supported




Although there are above proposals in RAN1 contributions, some of the proposals are related to what RAN1 already agreed to ask RAN2 to decide as RAN1 sent LS to RAN2 at the last RAN1 meeting. Other proposals are also details on capability and RRC configuration that could be discussed in RAN2. Therefore, the moderator would like to deprioritize the discussion on the proposals unless it is identified as essential remaining issue for RAN1.
The moderator would like to ask companies to provide feedback if any on the above summary and above proposals in contributions.

	Company
	Comment

	
	

	
	

	
	




6. Discussions on the ambiguity issue on switching period location
At the last RAN1 meeting, following proposal was discussed, but it has not been agreed. Companies provided their views on the ambiguity issue on switching period location, including preference among options captured in the proposal.
	Updated Proposed agreement 4.2.1
· Study on how to reuse Rel-16/17 approach to determine the switching period location [when the scheduled gap between two transmissions is smaller than the reported switching gap] 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 contributions, following proposals were made.
	[1]
	Proposal 10: Confirm that the victim carrier presents only when the scheduled switching gap is smaller than reported switching period. It has no RAN1 impact.

	[2]
	[bookmark: _Ref118708045]Proposal 21: Switching period location can be determined based on indication of switching period location per band pair (Opt.0) or based on the priority list of bands configured to the UE (Opt.4).

	[3]
	Observation 1: Adding “when the scheduled gap between two transmissions is smaller than the reported switching gap” for switching period location is not aligned with RAN4 specification.
Proposal 3: For Rel-18 UL Tx switching, further down-select among the following options to configure the switching period location.
· Opt.0: Switching period location can be determined based on the indication of switching period location per band pair
· Opt.3: Switching period location can be determined based on the indication of switching period location {switch-from, switch-to}
· Opt.5: Switching period location can be determined based on the indication of switching period location {switch-from, switch-to} per band pair

	[4]
	Observation 5: Options of configuring/indicating switch-from and switch-to (i.e., Option 1, 3, and 5) are not feasible to avoid interruption to a protected carrier/band. For example, a back and forth switching between the protected carrier/band and another carrier/band will lead to having switching period location on the protected carrier/band.
Observation 6: Options of configuring specific band(s) for switching period location (i.e., Option 2) might result in contradict conditions. For example, switching between 2 carriers that are configured not to have switching period, or between 2 carriers that are configured to have switching period.
Observation 7: For the scenario that a UE is to transmit a 1-port transmission on a 1st carrier on a 1st band and a 1-port transmission on a 2nd carrier on a 2nd band (e.g., 1P-1P-0P), and preceding transmissions are a 1-port transmission on a 3rd carrier on a 3rd band and a 1-port transmission on a 4th (or 2nd) carrier on the 2nd carrier (e.g., 0P-1P-1P), the switching period location could be 2 shorter consecutive switching periods in different slots or 1 longer switching period in one slot, depending on different UE implementations.
Proposal 5: UE determines the switching period location based on carrier/band priorities configured by the gNB, with the principle that not to have the switching period location on the band with the higher/highest priority (e.g., Option 0 or 4). 
· FFS: How to address the different switching period location patterns due to different UE implementation.

	[5]
	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

	[6]
	Proposal 7. The combination of Opt.0 and Opt.3 in Updated Proposed agreement 4.2.1 can be adopted. 

	[10]
	Proposal 5: When the scheduled gap between two transmissions is smaller than the reported switching gap, the switching period is located on the band with highest priority, among the indicated switching period located bands for all the possible involved band pairs by the switching.

	[14]
	Proposal 9: For potential ambiguity issue on the switching period location, existing semi-static configuration of switching period location (uplinkTxSwitchingPeriodLocation-r16 in ServingCellConfig) is reused, and additional semi-static configuration of priority list is also used to determine the switching period location.
· Further details on the configurations can be discussed and decided in RAN2

	[16]
	Proposal 3: Network semi-static configures the switching period location on one of the bands for each switching case pair.

	[19]
	Proposal #8: In Rel-18 UL Tx switching, the switching gap location is determined based on RRC configuration of switching period location per band pair and a simple pre-defined rule (e.g., When TRUE is configured to multiple bands involved with Tx switching, only the lowest (or highest) frequency band among the bands is assumed to be configured as TRUE)



Based on above, the situation can be summarized as below.
	· Opt.0 (switching period location is configured per band pair): [2], [3], [4], [5], [6], [19]
· Opt.0 alone is not sufficient: [5], [6], [10], [14], [19]
· Opt.4 (switching period location is determined based on the priority list of bands): [2], [4], [10], [14]
· Opt.3 (switching period location is determined based on the indication {switch-from, switch-to}): [3], [6]
· Opt.5 (switching period location is determined based on the indication {switch-from, switch-to} per band pair): [3]
· Opt.1 (switching period location is determined based on predefined rule switch-from or switch-to): [5]
· Switching period location is determined based on predefined rule on priorities: [10], [19]
· Switching period location is configured to one of the bands for each switching case pair: [16]
· No RAN1 impact: [1]



Several companies pointed that although RAN4 LS indicates that RAN4 agreed to reuse the Rel-16/17 approach (i.e., semi-static configuration of switching period on one of the bands for each switching band pair), such approach (Opt.0) alone is not sufficient to solve the ambiguity issue. Several companies proposed to combine Opt.0 with other option such as simple predefined rule while some other companies proposed to take Opt.4 (configuring priority list of bands). Both approaches can work and solve the ambiguity issue without any serious issue. Therefore, the moderator would like to check which approach is more preferred. 
The moderator would like to ask companies to provide feedback if any on the above summary and following potential FL proposal.
Proposed agreement 6
Down-select a solution for the ambiguity issue on switching period location from following alternatives.
· Alt.1: switching period location is configured per band pair
· if there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to lowest carrier frequency among the bands configured with switching period location as TRUE
· Alt.2: switching period location is configured per band pair, and the priority list of bands is also configured
· if there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to the band with highest priority among bands configured with switching period location as TRUE

	Company
	Comment

	Xiaomi
	Either way is OK to us. One clairification: for alt.1, as explained in the subbullet, swithing period locates on the lowest carrier freqeucny among the bands configured with swithing period location as TRUE. It is a predefined rule instead of a new per-band pair configuration. What is the per band pair configuration here?

	NTT DOCOMO
	We prefer Alt.2, but as Alt.1 also works, we can live with Alt.1 as well if majority prefers.

	vivo
	We support alt.1 for simplicity 

	CATT
	Don’t support. 
Opt.1 can be one potation solution for the issue of switching period location. We don’t see any technical reasons to preclude option.1. At this stage, all potential solutions should have a chance to be discussed. So, we suggest adding the following Opt.1 in the proposal for further discussion.
Opt.1 (switching period location is determined based on predefined rule/gNB configuration switch-from or switch-to)

	Qualcomm
	We prefer configuring the switching period location per switching case pair as this is the most straightforward way.
The above per band pair configuration would be not standalone workable when switching involves more than 2 bands and the switching period location is not unique. The above proposed sub-bullets could solve the issue in some level but still with some drawbacks. For example, Alt. 1 always asks lowest carrier to take the swiching period, but if the switching is among TDD bands, the lowest carrier/band would be likely with similar bandwidth & higher importance than higher frequency. Alt. 2 has similar issue and both of the above alternatives lose flexibility compared with per switching case pair configuration.

	LG Electronics
	Support Alt 1

	OPPO
	We prefer to switching period indication per{switch-from, switch-to}, which is simple and  follows legacy logic.

	ZTE
	Based on our understanding, the following alternatives can also address this issue with straightforward solution.
Alt.3: switching period location is configured per each switching case. This is the same as what mentioned by Qualcomm.
For example, network can configure switching period location on band A for A+B C, A+CB, B+CA.

Alt.4: switching period is configured as “switching-to band” or “switching-from band”
For example, if switching period is configured as “switching-to band”, then the switching period is located at the switching-to band for all the switching cases.


	Apple
	We also support QC’s proposal to hhave the switching period location per each switching case

	Moderator (NTT DOCOMO)
	Thank you very much for the feedbacks!
The moderator would like to clarify that the proposal is derived based on contributions, i.e., options supported by larger number of companies. Although other option can also work, companies should not stick to their own preference at this stage as long as the proposal based on majority has no significant issue.
Regarding the question from Xiaomi, the per band pair configuration is switching period location. For example, there are three bands A/B/C and switching period location is configured as TRUE on band A for band pair A-B, on band A for band pair A-C and on band B for band pair B-C. The sub-bullet is predefined rule for the case where band A/B/C are involved for a switching, e.g., when switching is from band B-B to band A-C, whether switching period is located on band B or band A is determined based on predefined rule such as lower frequency between A and B.
Regarding the concern from Qualcomm, at least Alt.2 would achieve sufficient flexibility with reasonable signaling overhead. The proposal from Qualcomm i.e., switching period location per switching case pair would require too much signaling as number of switching case pairs is many.
Companies are encouraged to provide further feedbacks.

	Huawei, HiSilicon
	Alt.2 is preferred for the following reasons,
· respect RAN4’s decision
· a configurable setting allows gNB to avoid any UL interruption from PUCCH carrier when a UE has to pick one victim carrier due to unsufficient scheduled switching gap.

If a proposal to be agreed, then it should be clear that the proposal is only applicable to the case where the scheduled switching gap is less than the reported switching period required for the UL Tx switching.
It has no technical need to pick any victim carrier if a gNB has scheduled sufficient switching gap to a UE.

	China Telecom
	Alt.1 to use the lowest carrier frequency is not preferred. The switching period location determination should be able to let gNB to choose the protected more important carrier from UL interruption considering to maximize the performance gain brought by the switching. The carrier with lowest frequency may not always be the carrier gNB wants to protect.





7. Discussions on other aspects
7.1	Confirming the working assumption on the support of Rel-18 UL Tx switching
At the last RAN1 meeting, following working assumptions were made.
	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



In contributions, following proposals were made.
	[1]
	Observation 1: For dynamic UL Tx switching among 4 bands, UL-CA Option 1 can bring average UPT gain up to 44.8% compared with Rel-17 UL Tx switching. However, UL-CA Option 2 has small additional average UPT gain compared with UL-CA Option 1.
Observation 7: UL-CA Option 1 has smaller specification impacts than UL-CA Option 2 and provides most of potential performance gains.

	[3]
	Proposal 1: Confirm the following working assumption reached in RAN1#110bis-e meeting.
	Working Assumption
· If Rel-18 UL Tx switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported




	[5]
	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

	[6]
	Proposal 8. 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

	[8]
	Proposal 1: Confirm the following working assumption achieved in RAN1#110bis e-meeting.
	Working Assumption
Specify UL Tx switching schemes across up to 4 bands in Rel-18.


Proposal 2: Confirm the following working assumption achieved in RAN1#110bis e-meeting.
	Working Assumption
If Rel-18 UL Tx switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported




	[11]
	Proposal 1: RAN1 should confirm the following working assumption
· Specify UL Tx switching schemes across up to 4 bands in Rel-18
Proposal 2: RAN1 should 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

	[15]
	Proposal 1: Confirm the RAN1#110bis-e working assumptions
· Specify UL Tx switching schemes across up to 4 bands in Rel-18
· Both Switched UL and Dual UL are supported in Rel-18 UL Tx Switching

	[17]
	Proposal 5 [bookmark: _Toc118665945]Dynamic UL TX switching across 3 or 4 bands should include 2 TX transmission (i.e. 0/1/2 ports transmission) on any of the 3 or 4 bands.
Proposal 6 [bookmark: _Toc118665946]Dynamic UL TX switching across 3 or 4 bands for UL CA should include concurrent transmission on any two bands among 3 or 4 bands.

	[19]
	Proposal #1: Confirm the following working assumptions which were made at RAN1#110bis-e meeting.
· 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



It seems majority of companies are fine to confirm the working assumption.
The moderator would like to ask companies to provide feedback if any on the above summary and following potential FL proposal.
Proposed agreement 7.1
Confirm the following 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

	Company
	Comment

	Xiaomi
	Support.

	NTT DOCOMO
	We support proposal 7.1

	vivo
	Support.

	CATT
	Support

	LG Electronics
	Support

	OPPO
	Support

	Qualcomm
	We support FL’s proposal.

	CMCC
	Support

	Spreadtrum
	Support

	ZTE
	We are supportive to confirm these working assumptions. However, we hope that companies have the same understanding on the detailed scenarios covered by “switched UL” and “dual UL”. 

	Apple
	Support

	Moderator (NTT DOCOMO)
	Thank you very much for the feedbacks!
It seems the proposal is agreeable.

	Huawei, HiSilicon
	Don’t see a value to confirm the second WA. But it is benifical to confirm that RAN1 mechanism is band aganostic because RAN1 has not identified any issues specific to band type. If any technical issue, then we suggest to clarify it before confirming the WA.
Proposal: confirm the revised WA below
Working Assumption
If Rel-18 UL Tx switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported
· RAN1 mechanism for Rel-18 UL Tx switching is band aganostic. 





7.2	Whether to support additional target scenarios
In contributions, following proposals were made.
	[1]
	Observation 3: The mapping tables between Tx chains and antenna ports are same for UL-CA Option 1 with or without SUL. Furthermore, inter-band UL-CA Option 1 for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) and inter-band UL-CA Option 1 for {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band} are both the scenario of CA+SUL.
Proposal 4: The following scenarios are confirmed within the scope for Rel-18 UL Tx switching:
· Inter-band UL-CA Option 1 without SUL band
· Inter-band UL-CA Option 1 for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s)
· Inter-band UL-CA Option 1 for {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}
Proposal 5: Current CA framework can be directly reused in UL Tx switching among 3 or 4 bands for the scenarios with or without SUL, where the current CA framework is that the same UE behaviors across serving cells are applied irrespective of FDD/TDD/SUL band, e.g. UL Tx chain sharing across cells, and the UE behavior between SUL and paired NUL within a serving cell refers to the UE behaviors specified on the context of one serving cell. 

	[16]
	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 SwitchedUL for the band combination including SUL band.



Based on the discussion and situation at RAN#97-e, the moderator thinks that additional target scenarios should not be discussed before completing the design for current target scenarios as we did so at the last RAN1 meeting. 
The moderator would like to ask companies to provide feedback if any on the above summary and proposals in the contributions.

	Company
	Comment

	Qualcomm
	Given we are in last RAN1 meeting and no more time to discuss the deprioritized scenario, we propose to RAN1 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 SwitchedUL for the band combination including SUL band.

	Moderator (NTT DOCOMO)
	Thanks for the feedback, but it seems other companies share the same understanding/view with the moderator that it should be discussed after completing the design for current target scenarios (in RAN1 or RAN).

	
	




7.3	Issues related to RAN4 LS
RAN1 received LS from RAN4 informing their agreements and situation as below [20].
	Issue 1: Length of switching period
For the same band pair, RAN4 discussed whether the same or a different value can be reported for the specific band pair involved in Tx switching across 3 or 4 bands in Rel-18 compared to Tx switching across 2 bands specified in Rel-16/17, and will further discuss based on the following options:
· Option 1: Reuse the same switching period for each band pair as UE reported in Rel-16/17, i.e., UE does not need to report new or larger switching period per band pair for Rel-18.
· Note: with the understanding that the switching period in Rel-18 could be different for different band pairs, according to the granularity of per band pair per BC agreed in the last meeting.
· Option 2: Although the set of switching periods is the same as in Rel-16/17, a different value can be reported for each band pair in Rel-18 band combination with 3/4 bands. 
· Option 3: Option 1 for switchedUL, and Option 2 for dualUL.

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.

Issue 3: Issue of two Tx chains switched between two different band pairs
When the two Tx chains are switched between two different band pairs with different lengths of switching periods, RAN4 reached the following agreements:
· As baseline UE assumption, neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods. 
· In addition to the baseline UE assumption, RAN4 has not concluded on whether advanced optional UE ability can be considered, with further discussions ongoing.

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.

Issue 5: Applicability of DL interruption
In general, RAN4 agreed to reuse the Rel-16/17 agreement, and reached the following agreements:
· For combinations of SUL+TDD and TDD+TDD CA with the same UL-DL pattern, DL interruption is not required.
· For the other duplex mode combinations, define different capabilities for UEs with and without DL interruption.
· UE capability is defined as per band per band combination for each band pair supporting UL Tx switching.

Issue 6: UL-MIMO coherence
RAN4 agreed that: 
· For Rel-18 Tx switching across 3 or 4 bands, apply per band per BC capability on UL-MIMO coherence for the 2Tx-capable UL band(s). If the per band per BC capability on UL-MIMO coherence is absent, the existing Rel-15 per band UE capability pusch-TransCoherence is applicable to each of the 2Tx-capable UL band(s) for Tx switching. 
· It is up to RAN2 discussion on whether the Rel-17 per band per BC signalling on UL-MIMO coherence capability for 2Tx-2Tx switching can be reused for Rel-18 Tx switching.



In contributions, following proposals were made.
	[1]
	Proposal 12: For solving switching ambiguity issue, exact switch-from band(s) can be indicated clearly by DCI.

	[2]
	[bookmark: _Ref118747880]Proposal 17: RAN4’s agreement to apply the larger switching period when the two Tx chains are switched between two different band pairs is for the case of one Rel-18 TX switching with two Tx chains switched, instead of two Rel-18 TX switching with 2TX chains switched, thus the definition of ‘one Rel-18 Tx switching’ should be clarified. 
[bookmark: _Ref118747881]Proposal 18: When the two Tx chains are switched between two different band pairs (e.g., band A + band B->band C + band D), UE determines how to perform TX switching, (i.e., whether to perform one TX switching or two TX switching), based on grants that are received by UE before T0-Toffset, where T0 is the earlier UL transmission in the UL transmissions after TX switching, Toffset is the UE processing procedure time defined for the uplink transmission triggering. 
[bookmark: _Ref118747882]Proposal 19: The DL/UL reference SCS to determine the Toffset need to be specified, for example, the minimum SCS among the downlink carriers where DCI triggers the UL transmission for Tx switching is regarded as the reference DL SCS. The minimum SCS among the UL carriers involved in Tx switching is the reference UL SCS.
[bookmark: _Ref118747883]Proposal 20: “one Rel-18 Tx switching” include the cases where two UL transmissions with Tx switching are triggered, and the gap between the starting time (or the triggering time) of one UL transmission on one band and another UL transmission on another band does not exceed a range, e.g., 1 slot, or the two UL transmissions are partially overlapped in time domain.

	[3]
	Proposal 2: For Rel-18 UL Tx switching among 4 bands, when switching from 1T+1T on band A and B to 1T+1T on band C and D is performed, if it is not clear whether UE performs Tx switching {from band A to C + B to D} or {from band A to D + B to C}, one of following options can be considered.
· Option 1: Resolve the ambiguity issue of the switching pattern for each Tx chain in RAN1, e.g., by RRC configuration or predefined rule. In this case, neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods associated with the switching pattern.
· Option 2: No need to resolve the ambiguity issue of the switching pattern for each Tx chain in RAN1 and determine the switching gap based on the worst case, i.e., neither of the two Tx chains is expected to be used for transmission during the maximum of the four switching periods, i.e., max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C}.
· Note: Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C is the switching period reported by the UE for band pair A&C, B&D, A&D and B&C, respectively.

	[5]
	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


	[8]
	Proposal 16: When more than 2 bands are involved for UL Tx switching and different switching periods are reported for different band pairs, the maximum switching period is assumed among the uplink transmissions across 3 or 4 bands.

	[19]
	Proposal #7: Introduce RRC configuration to resolve the ambiguous Tx chain switching patterns for a Tx switching case and determine the switching gap for the switching case as a larger one of two switching periods between two band pairs involved with the switching case.



Although there are above proposals in RAN1 contributions, the RAN4 LS describes only Issue 4 (switching period location) as “discuss further details for Rel-18 Tx switching scenario in RAN1”. Therefore, the moderator captures proposals in contributions regarding switching period location issue in section 6 while all other proposals related to RAN4 LS are captured in this section. As RAN4 is discussing issues listed in the LS, it is not high priority discussion in RAN1 except for the switching period location issue.
The moderator would like to ask companies to provide feedback if any on the above summary and proposals in the contributions.

	Company
	Comment

	NTT DOCOMO
	We can check RAN4 situation in this week if there is any issue missing in RAN4.

	vivo
	We need to clarify the definition of ‘one R18 TX switching’ as well as the switching case in issue3 in RAN3 LS 
‘When the two Tx chains are switched between two different band pairs with different lengths of switching periods, RAN4 reached the following agreements:
· As baseline UE assumption, neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods. ’
In our view, this agreement is only applied when the switching between two band parirs are implemented as ‘one R18 TX switching’
For example, TX1 switches from A to C, TX2 switches from B to D. When the gap between the transmission on C and B is larger than 0 but is smaller than any reported switching period, it is not clear the switching should be treated as twice of ‘one R18 TX switching with 2 bands invovled’ or ‘one R18 TX switching with 4 bands invovlded’. In our view, if UE implements in the first way, there should be two witching periods, which correspond to switching period for A+C and B+D respectively,  but in the latter case, the RAN4 agreement that the larger period for the two pair is applied should be followed.

	LG Electronics
	RAN4 agreement on Issue3 above is a guideline for when only two band pairs are involved in one Tx switching. Meawhile, the switching case as the last bullet in section 3.5 (i.e., A(1T)+B(1T) -> C(1P)+D(1P)), there are two possible switching patterns which results in up to 4 band pairs may involve in the Tx switching. This is not covered by RAN4 agreement above. We believe that this ambiguity should be addressed in RAN1. Once the ambiguity is resolved, the maximum number of band pairs involved in one Tx switching is two so that RAN4 agreement can be directly applied to.

	ZTE
	Based on the following moderator observation from RAN4 in last RAN4 meeting, it seems companies are trying to ask RAN1 to discuss how to determine the switching period for switching from band pair A+B  C+D. 
	· Moderator’s observation
· Related ambiguity issue: For the example given above, when Tx switching is conducted across 4 bands and the status of Tx chains before and after Tx switching is:
· Before Tx switching: (band A, band B, band C, band D) = (1, 0, 1, 0)
· After Tx switching: 	(band A, band B, band C, band D) = (0, 1, 0, 1)
It is possible that the Tx switching can be conducted from band A->B + C->D or band A->D + C->B, and the lengths of switching periods can be different. To moderator’s understanding, this ambiguity issue can be discussed and resolved in RAN1 together with the switching mechanism.



Will we discuss this issue in RAN1 with the following two examples? 
· 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?


	Moderator (NTT DOCOMO)
	Thank you very much for the feedbacks!
Based on the feedbacks, some specific issue related to Issue 3 in RAN4 LS i.e., when two Tx chains are switched between different band pairs such as switching from A-B to C-D, whether it is A->C and B->D or A->D and B->C, can be discussed in RAN1 if RAN4 has never discussed on the issue and no plan to discuss.
Companies’ further inputs will be appreciated.

	vivo2
	Thanks for FL’s summary. Besides the ambiguity of switching path as mentioned above, we think there are still ambiguity in UE implemention on whether to perform 1 or 2 switching, we would like to clarify our intention for the "how to indentify one Rel-18 UL Tx switching". As is figured below:
[image: ]
For example, the preceding uplink transmission is a 1-port transmission in band A and 1-port transmission in band B, and UE is indicated by DCI#1 and DCI#2 to transmit 1-port UL transmission on band C and 1-port UL transmission in band D, respectively. 
For simplicity, let’s just assume there no swiching is ambiguity on swiching path, e.g, TXs are swiched A->C and B->D. This case meets the RAN4 issue3 condition “When the two Tx chains are switched between two different band pairs with different lengths of switching periods”, but it is not clear if RAN4’s conclusion that the larger switching period is used should be applied because there are two ways for UE Tx switching implementations.
implementation 1: UE implements this case as twice of “one Rel-18 Tx switching with 2 bands involvded” as shown in the left part, then it is not sure whether two Tx switching operations should apply the reported switching period reported for the corresponding band pair A+C and band B+D respectively, or both apply the larger switching period. In this approach, UE determines to perform two TX switching, in a similar way to R16/R17 TX switching, according to DCIs received before T0,1-Toffset and T0,2-Toffset for each band pair respectively.  T0,1 and T0,2 correspond to the starting time of UL transmission on band C and band D respectively, while Toffset is the UE processing procedure time defined for the uplink transmission triggering. Consequently, all bands will suffer two UL interruptions.
implementation 2: UE implements this case as “one Rel-18 Tx switching with 4 bands involvded” as shown in the right part, then there will only be one switching gap and the larger one between the two switching period values for the two band pairs should be applied according to RAN4 conclusion. In this case, UE determines the TX switching based on DCI(s) received before T0-Toffset, where T0 corresponds to the starting time of the earlier one in the UL transmissions on band C and D. 
In our understanding, both implementations are possible if no restriction is defined, but they may happen in different cases. For example, when the two UL on C/D are overlapped or close to each other, then there is no reason to go with implementation 1, UE should perferm implementation 2. However, this requires some restriction on the condition on when implementation2 must be applied, and when RAN4’s conclusion should be applied.

	LGE
	As ZTE pointed out, an ambiguity issue for Tx switching from A-B to C-D should be discussed in RAN1. Once the ambiguity is resolved, RAN4 agreement related to switching period can be directly applied to this switching case.
Regarding vivo’s question on whether Tx switching from A-B to C-D is one switching or two switchings, we think this should be regarded as one switching otherwise the UE never expects such switching case is triggered due to the following spec
The UE does not expect to perform more than one uplink switching in a slot with µUL = max(µUL, 1, µUL, 2), where the µUL, 1 corresponds to the subcarrier spacing of the active UL BWP of one uplink carrier before the switching gap and the µUL, 2 corresponds to the subcarrier spacing of the active UL BWP of the other uplink carrier after the switching gap.

We are open to discuss how to handle two Tx switchings which are partially overlapped in time-domain (i.e., for the case in that the starting time of the 2nd UL transmission on one band is before than the ending time of the 1st UL transmission on another band)




7.4	Other proposals
In contributions, following proposals were made.
	[13]
	Observation 2: For Rel-16/Rel-17 UL Tx switching, the duration from the end of the scheduling DCI to the start of PUCCH, for which the UL Tx switching is triggered (by the scheduling DCI), is not sufficient to perform UL Tx switching for all the scheduling cases, if uplink switching gap is reported by UE
· Total available duration from the end of DCI of the start of PUCCH is calculated for respective numerology  by taking into account the corresponding  value,  and the gap from the end of DCI to the end of PDSCH
Observation 3: For Rel-16/Rel-17 UL Tx switching, the issue (available timeline duration) is more pronounced for following cases (shown in the table):
· When the scheduling DCI and corresponding PDSCH are partially or fully overlapping
· and/or reported switching gap value is higher
· and/or higher numerology is applied
Observation 4: NR Rel-16/Rel-17 specification is not able to handle all the supported PDSCH scheduling scenarios, when UL Tx switching is triggered for PUCCH carrying HARQ-ACK (triggered by DCI that schedules corresponding PDSCH)
· It is assumed same switching gap value (as reported by UE) is needed regardless of whether it is applied for PUSCH or PUCCH
Proposal 11: RAN can adopt following solution to resolve UL Tx switching issues for PUCCH with HARQ-ACK:
· if UL Tx switching is triggered for PUCCH with HARQ-ACK by scheduling DCI (for PDSCH) and switching gap () is reported by the UE, then gNB scheduling ensures that the duration from the last symbol of the scheduling DCI to the first symbol of the PUCCH with HARQ-ACK is equal or longer than the combined duration of  and 

	[19]
	Proposal #9: Consider additional UL Tx switching conditions to handle the case when simultaneous UL transmissions occur on more than 2 bands (e.g. based on the priority of the transmitted UL channels).



Each of above proposals has been provided by single company, and it seems the proposals could not attract a lot of attention so far probably due to other essential remaining issues. We can check companies’ interest on the proposals, and if they are identified as essential issues, we should discuss proposals in this meeting. Otherwise, we should deprioritize these proposals to focus on other essential remaining issues to complete RAN1 work on this objective.
The moderator would like to ask companies to provide feedback if any on the above summary and proposals in the contributions.

	Company
	Comment

	Apple
	As commented during the offline session, we think that this issue related to PDSCH processing timeline will become more pronounced for Rel-18 switching cases, when UL Tx switching is triggerd for PUCCH with HARQ-ACK. From this point of view, we think it is important agree on the proposed gNB scheduling restriction in our contribution.

	Moderator (NTT DOCOMO)
	As commented by Apple in offline session, companies feedback on the proposals in [13] will be appreciated although the proposals will be discussed only after the outcome of the maintenance discussion on the same issue for Rel-16/17 has been made.

	
	




8. Summary of proposals
	[bookmark: _Hlk119425825]This is stable proposal supported by majority.


Proposed agreement 3.1
For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, 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
· Based on the assumption, the switching gap is required for every UL transmission with changing transmitting band from preceding transmission in this scenario

	This is nearly stable proposal supported by majority. This proposal was discussed in offline session, and it is clarified that the consequence is the last subbullet for specifications and it is aligned with Rel-16/17 switched UL.


Proposed agreement 3.2
For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands in the band combination, 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
· Based on the assumption, the switching gap is required for every UL transmission with changing transmitting band from preceding transmission in this scenario

	This proposal was discussed in offline session. Although there are several companies prefer to assume 1T-1T switching cases even if corresponding band pair does not support concurrent transmission, it was clarified that it is difficult for some UE implementations to support such 1T-1T switching case for the band pair not supporting concurrent transmission. Therefore, possible proposals are to agree on the proposal 3.3 or to introduce new capability to differentiate whether UE supports such 1T-1T switching case or not.


Proposed agreement 3.3
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, corresponding switching case(s) with 1T-1T for the band pair(s) where concurrent transmission is not supported are not assumed

Alternative proposal for 3.3
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, it is subjected to UE capability whether corresponding switching case(s) with 1T-1T for the band pair(s) where concurrent transmission is not supported are assumed or not assumed

	This is stable proposal supported by majority.


Proposed agreement 3.4-1
For dual UL, if UE supports concurrent transmission on all band pairs and supports up to 2 ports UL transmission on all the bands in the band combination, all possible switching cases with 1T-1T and 2T are assumed
· In case of 3 bands, 6 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}, {1T, 1T, 0T}, {1T, 0T, 1T}, {0T, 1T, 1T}) are assumed 
· In case of 4 bands, 10 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}, {1T,1T,0T,0T}, {1T,0T,1T,0T}, {1T,0T,0T,1T}, {0T,1T,1T,0T}, {0T,1T,0T,1T}, {0T,0T,1T,1T}) are assumed

	This proposal can be agreed if proposed agreement 3.3 is agreed. If alternative proposal for 3.3 is agreed instead, this proposal can also be modified accordingly.


Proposed agreement 3.4-2
For dual UL, if UE supports up to 2 ports UL transmission only on some of the bands in the band combination, corresponding switching case(s) with 2T for the band where up to 2 ports transmission is not supported are assumed
· If the UE does not support concurrent transmission on specific band pair(s) in the band combination, corresponding switching case(s) with 1T-1T for the band pair(s) where concurrent transmission is not supported are not assumed

Alternative proposal for 3.4-2
For dual UL, if UE supports up to 2 ports UL transmission only on some of the bands in the band combination, corresponding switching case(s) with 2T for the band where up to 2 ports transmission is not supported are assumed
· If the UE does not support concurrent transmission on specific band pair(s) in the band combination, it is subjected to UE capability whether corresponding switching case(s) with 1T-1T for the band pair(s) where concurrent transmission is not supported are assumed or not assumed

	This proposal can be agreed if proposed agreement 3.2 is agreed.


Proposed agreement 3.5
Following new conditions are applicable to dual UL only (i.e., not applicable to switched UL)
· 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)


9. Conclusion
TBD


Appendix 1: Latest WID objective
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

Appendix 2: RAN guidance at RAN#96
RAN provides following guidance to RAN1/2/4.
· If Rel-18 UL Tx switching is supported, 
· RAN1/2/4 shall work focus on defining necessary mechanisms and requirements for UL Tx switching across 3 or 4 different bands at least for following scenarios during Rel-18 timeframein 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
· Other Further check additional scenarios as below can be discussed in RAN4#104e and 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

Appendix 3: RAN1 agreements/observations/conclusions
<RAN1#109-e>
Conclusion
EN-DC cases are out of scope for Rel-18 UL Tx switching

Conclusion
UL only cell cases are out of scope for Rel-18 UL Tx switching

RAN1 Observation
Four contributions (R1-2203136, R1-2204724, R1-2204909, R1-2205131) from three companies show their evaluation results on UL Tx switching across 3 or 4 bands at RAN1#109-e meeting.
· All evaluation results show the performance gain of UL Tx switching across 4 bands compared with UL Tx switching across 2 bands, assuming TDD bands with different TDD UL/DL configurations are included in 4 bands.
· Evaluation results in R1-2203136 show the performance gain of UL Tx switching across 4 bands compared with UL Tx switching across 3 bands.
· Evaluation results in R1-2204724 show that the performance gain of UL Tx switching across 4 bands compared with UL Tx switching across 2 bands depends on achievable switching period, and the longer switching period for UL Tx switching across 4 bands compared with UL Tx switching across 2 bands leads to reduction of the performance gain. Other evaluation results did not consider the impact of longer switching period for UL Tx switching across 4 bands compared with UL Tx switching across 2 bands. 
· Evaluation results in 5131 observe that the gain highly depends on the scheduling mechanism.
· The range of performance gains shown in four contributions varies depending on the simulation assumptions.

Agreement
Companies are encouraged to investigate pros and cons of following possible mechanisms for dynamic Tx carrier switching across the configured bands, and RAN1 strives for the down-selection at RAN1#110
· 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 UL grant and/or RRC configuration for UL transmission
· Alt.2: NW indicates 2 bands out of the configured bands (3 or 4 bands) via DCI or MAC-CE, and dynamic Tx carrier switching between indicated bands is same as Rel-17
· Alt.3: One anchor band is selected among configured bands (3 or 4 bands), and dynamic Tx carrier switching can be performed only from the anchor band to a non-anchor band and from a non-anchor band to the anchor band
· Note: Other mechanisms are not precluded

Agreement
Send LS to RAN4 to ask their feedback on the potential increase of switching period and complexity in the case of UL Tx switching across 3 or 4 bands
· In the LS, observations based on the evaluation results and alternative switching mechanisms discussed in RAN1 are captured for the information to RAN4
· In the LS, RAN1 also asks RAN4 feedback on whether following assumption can be considered as baseline UE assumption/behavior even in case of the UL Tx switching across 3 or 4 bands
· 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
LS is endorsed in R1-2205502.

Conclusion
If Rel-18 UL Tx switching is supported, following assumption is applied for Rel-18 UL Tx switching across up to 3 or 4 bands
· Only when the two Tx chains are linked to one NR band, the 2-ports UL transmission on the NR band is possible

RAN1 Observation
Following proposals to address the concern on UE/gNB complexity increase or scheduling restriction due to UL Tx switching across larger number of bands compared with Rel-16/17 are identified in contributions submitted at RAN1#109-e, and companies are encouraged to investigate pros and cons of the proposals so that one or some of them may be down-selected after the down-selection of the mechanism for dynamic Tx carrier switching across the configured bands
· UE can report the supports of only some of concurrent UL cases (combinations of 2 bands for concurrent UL transmissions)
· Switching across 0/1/2 ports is supported only for 2 configured bands out of 3 or 4 configured bands and other bands support switching across 0/1 port only
· Only switching across 0/1 port is supported across all configured bands when 3 or 4 bands are configured
· Prioritization rules between uplink carriers are specified
· No restriction on the UEs choice of MIMO capability on any of the bands/CCs involved in the UL Tx switching band combination is introduced
· After one RF state switch, the next RF state switch must occur after 14 symbols or later (FFS: which SCS is assumed for the symbol duration)
· Note: Other solutions are not precluded
· Note: each proposal assumes certain mechanism for dynamic Tx carrier switching across the configured bands, and hence some or all of the proposals may not be necessary depending on the down selection of the mechanism for dynamic Tx carrier switching across the configured bands

Conclusion
It is RAN1’s understanding that RAN4 should lead the discussion on UL Tx switching with multiple TAGs for both 2 bands case and more than 2 bands case
· For further discussion in RAN1 with regards to UL Tx switching with multiple TAGs, it will be discussed only if triggered by RAN4
· If it is decided to support UL Tx switching with multiple TAGs, it is RAN1's working assumption that the number of TAGs should be limited to up to 2

RAN1 Observation
Following possible switching configurations can be considered, and RAN1 may discuss if any of the following switching configurations need to be supported after making some progress on the discussion on the switching mechanism
· For 3 bands case
· Switching configuration.3-1: all the 3 bands support up to 2Tx
· Switching configuration.3-2: only 1 band out of 3 bands support up to 2Tx
· Switching configuration.3-3: only 2 bands out of 3 bands support up to 2Tx
· For 4 bands case
· Switching configuration.4-1: all the 4 bands support up to 2Tx
· Switching configuration.4-2: only 1 band out of 4 bands support up to 2Tx 
· Switching configuration.4-3: only 2 bands out of 4 bands support up to 2Tx 
· Switching configuration.4-4: only 3 bands out of 4 bands support up to 2Tx 
Note: The Spec should not restrict which Tx chain is fixed or switched across certain bands.

<RAN1#110>
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
· 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

<RAN1#110bis-e>
Agreement
If Rel-18 UL Tx switching for 3 or 4 bands with dual UL is supported, UE is allowed to support only some of band pairs for concurrent UL transmission based on UE capability
· The supported band pair for concurrent transmission requires the support of UL CA on the corresponding band pair(s) by the UE
· Details on the UE capability such as how to report the support of dual UL and the supported band pair(s) for concurrent UL transmission are further discussed 
· Details on the gNB configuration/indication such as how to indicate the band pair(s) UE should expect for concurrent UL transmission are further discussed 
· Note: UE is also allowed to support all band pairs for concurrent transmission, and the design of Rel-18 UL Tx switching for 3 or 4 bands with dual UL does not impose any restriction

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

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

Conclusion
No consensus in RAN1 on complexity reduction option 3

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

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

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

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

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

Agreement
Ask RAN2 to consider following alternatives and specify gNB configuration
· Alt.1: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination)
· Alt.2: configure {switchedUL, dualUL} for combination(s) of serving cells (i.e., for each band pair in the band combination)
· Alt.3: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination), and configure combination(s) of serving cells (i.e., as supported serving cell pair(s) for each band pair in the band combination) for concurrent transmission

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

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

Agreement
LS on UE capability and gNB configuration for UL Tx switching across 3 or 4 bands in Rel-18 is endorsed. Final LS in R1-2210724.
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