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Introduction
In Rel-16, there was a work item for the support of UL Tx switching between two different NR carriers, i.e., the support of UL Tx switching between case 1 and case 2 [1]. By the great efforts of RAN1 and RAN4, Rel-16 specification supports the UL Tx switching between two different carriers for three scenarios: EN-DC, NR CA and SUL. On the basis of Rel-16 functionality, a Rel-17 package for further enhancement of UL Tx switching was approved in RAN#90e [2]. In the latest RAN1 meetings, the key parts of this features were almost finished and the drat CR was also already [6]. Therefore, in this contribution, we will discuss some remaining issues for the draft CR based on the latest RAN1 and RAN2 progress, and provide the corresponding TP.
Discussion
During the last RAN1/RAN2 meetings, some further progress was achieved, which were captured in RAN2 running CRs [3-5] and RAN1 draft CR [6]. In order to align RAN1 and RAN2 spec, we propose some modifications for the draft CRs. Moreover, there are also some modifications to better reflect RAN1 agreement and the detailed design. 
Proposal 1: For TS 38.214, we propose the following modification (highlighted by Yellow) on top of the draft CR [6].

	[bookmark: _Toc45810627][bookmark: _Toc83310212]Based on CR of R1-2112955

6.1.6	Uplink switching
The UE may omit uplink transmission during the uplink switching gap  if the conditions defined in this clause are met and the UE is configured with uplinkTxSwitching. The switching gap  is indicated by UE capability uplinkTxSwitchingPeriod if uplinkTxSwitching is configured and uplinkTxSwitching-2T-Mode is not configured, or by UE capability uplinkTxSwitchingPeriod2T2T if both uplinkTxSwitching and uplinkTxSwitching-2T-Mode are configured: 
[bookmark: _Hlk39056336]-	If a UE indicated a capability for uplink switching with BandCombination-UplinkTxSwitch for a band combination, and if it is for that band combination
[bookmark: _Hlk38539049]-	Configured with a MCG using E-UTRA radio access and with a SCG using NR radio access (EN-DC), or
-	Configured with uplink carrier aggregation, or
-	Configured in a serving cell with two uplink carriers with higher layer parameter supplementaryUplink.
	the conditions under which the switching gap may be present and the location of the switching gap are defined for each of the cases in clauses 6.1.6.1, 6.1.6.2, and 6.1.6.3 respectively.
If an uplink switching is triggered for an uplink transmission starting at T0, after T0-Toffset, the UE is not expected to cancel the uplink switching, or to trigger any other new uplink switching occurring before T0 for any other uplink transmission that is scheduled after T0-Toffset, where Toffset is the UE processing procedure time defined for the uplink transmission triggering the switch given in clause 5.3, clause 5.4, clause 6.2.1, clause 6.4 and in clause 9 of [6, TS 38.213].
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.
[bookmark: _Toc45810628][bookmark: _Toc83310213]6.1.6.1	Uplink switching for EN-DC
<omitted text>
[bookmark: _Toc45810629][bookmark: _Toc83310214]6.1.6.2	Uplink switching for carrier aggregation
For a UE indicating a capability for uplink switching with BandCombination-UplinkTxSwitch for a band combination, and if it is for that band combination configured with uplink carrier aggregation:
-	If the UE is configured with uplink switching with parameter uplinkTxSwitching and is not configured with parameter uplinkTxSwitching-2T-Mode, when the UE is to transmit in the uplink based on DCI(s) received before  or based on a higher layer configuration(s):
-	When the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission is a 1-port transmission on another uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers.
-	When the UE is to transmit a 1-port transmission on one uplink carrier and if the preceding uplink transmission is a 2-port transmission on another uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers. 
-	For the UE configured with uplinkTxSwitchingOption set to 'switchedUL', when the UE is to transmit a 1-port transmission on one uplink carrier and if the preceding uplink transmission was a 1-port transmission on another uplink carrier, then the UE is not expected to  transmit for the duration of  on any of the two carriers.
-	For the UE configured with uplinkTxSwitchingOption set to 'dualUL', when the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission was a 1-port transmission on the same uplink carrier and the UE is under the operation state in which 2-port transmission cannot be supported in the same uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers.
-	For the UE configured with uplinkTxSwitchingOption set to 'dualUL', when the UE is to transmit a 1-port transmission on one uplink carrier and if the preceding uplink transmission was a 1-port transmission on another uplink carrier and the UE is under the operation state in which 2-port transmission can be supported on the same uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers.
-	The UE is not expected to be scheduled or configured with uplink transmissions that result in simultaneous transmission on two antenna ports on one uplink carrier, and any transmission on another uplink carrier.
-	In all other cases the UE is expected to transmit normally all uplink transmissions without interruptions.
6.1.6.2.1	2Tx Uplink switching for carrier aggregation
[For a UE indicating a capability for uplink switching with BandCombination-UplinkTxSwitch2TX for a band combination, and if it is for that band combination configured with uplink carrier aggregation:]
-	If the UE is configured with uplink switching with parameter uplinkTxSwitching and uplinkTxSwitching-2T-Mode, when the UE is to transmit in the uplink based on DCI(s) received before  or based on a higher layer configuration(s):
-		When the UE is to transmit a 2-port transmission on one uplink carrier on one band and if the preceding uplink transmission included a 1-port or 2-port transmission on another uplink carrier on another band, then the UE is not expected to transmit for the duration of  on any of the uplink carriers.
-	When the UE is to transmit a 1-port or 2-port transmission on one uplink carrier on one band if the preceding uplink transmission is a 2-port transmission on another uplink carrier on another one band, then the UE is not expected to transmit for the duration of  on any of the uplink carriers. 
-	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 one band, then the UE is not expected to transmit for the duration of  on any of the two carriers.
-	For the UE configured with uplinkTxSwitchingOption set to 'dualUL', 
-	When the UE transmitted 1-port or 2-port transmission on one carrier on one band followed by no transmission on this carrier and 1-port transmission on the other carrier on another band, if the UE was configured with uplinkTxSwitching-DualUL-TxState-r17 set to 'oneT' [yyy] for subsequent switching consideration the UE shall consider this as if 1-port transmission was transmitted on both uplinks, otherwise the UE shall consider this as if 2-port transmission took place on the transmitting carrier.
-	The UE is not expected to be scheduled or configured with uplink transmissions that results in simultaneous transmission on two antenna ports on one uplink carrier, and any transmission on another uplink carrier.
-	When the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission was a 1-port on the same uplink carrier and the UE is under the operation state in which 2-port transmission cannot be supported in either uplink carrier, then the UE is not expected to transmit for the duration of   on either of the two carriers.
-	In all other cases the UE is expected to transmit normally all uplink transmissions without interruptions.
[bookmark: _Toc45810630][bookmark: _Toc83310215]6.1.6.3	Uplink switching for supplementary uplink
For a UE indicating a capability for uplink switching with BandCombination-UplinkTxSwitch [indicating support for 1 Tx on the supplementary uplink carrier, or BandCombination-UplinkTxSwitch2TX indicating support for 2 Tx operation on the supplementary uplink carrier] for a band combination, and if it is for that band combination configured in a serving cell with two uplink carriers with higher layer parameter supplementaryUplink:
-	If the UE is configured with uplink switching with parameter uplinkTxSwitching,
[bookmark: _Hlk42187124]-	If the UE is to transmit any uplink channel or signal on a different uplink on a different band from the preceding transmission occasion based on DCI(s) received before  or based on a higher layer configuration(s), then the UE assumes that an uplink switching is triggered in a duration of switching gap , where  is the start time of the first symbol of the transmission occasion of the uplink channel or signal and  is the preparation procedure time of the transmission occasion of the uplink channel or signal given in clause 5.3, clause 5.4, clause 6.2.1, clause 6.4 and in clause 9 of [6, TS 38.213], respectively. During the switching gap , the UE is not expected to transmit on any of the two uplinks.
-	In all other cases the UE is expected to transmit normally all uplink transmissions without interruptions.
<omitted text>




[bookmark: _GoBack]For R17 UL Tx switching enhancement, there were still a remaining issue regarding whether switching option can be reported differently for 1T-2T switching mode and 2T-2T switching mode. RAN2 is waiting for RAN1’s conclusion on the issue [7]:
	Regarding whether switching option can be reported differently for 1T2T and 2T2T, RAN2 waits for RAN1 conclusion.



For R16 Tx switching, the corresponding UE capability signaling is as below
	uplinkTxSwitching-OptionSupport-r16 ENUMERATED {switchedUL, dualUL, both}      OPTIONAL,


For a R16 UE supporting UL Tx switching, it is possible to support both single UL and dual UL modes in order to support all possible practical deployments for various operators. However, with the evolution of commercial 5G network, it would be clearer which mode(s) will be widely used for R17 network. Thus, there may be more information for UE vendors and chipset vendors to decide which modes should be supported by a R17 UE:
· If both modes will be widely used in R17 network, a R17 UE will support both modes
· If only one mode is widely used in R17 network, a R17 UE is likely to only support that mode.  
From the perspective of UE implementation, introducing a separate UE capability regarding the switching mode for R17 UL Tx switching will offer more flexibility with the potential reduction of workload for implementation and testing. 
Proposal 2: For R17 UL Tx switching, introduce a separate UE capability to reporting the supported switching mode(s) and the candidate values are as below
·   switchedUL, dualUL, both     

Conclusion
In this contribution, we discuss Rel-17 UL Tx switching enhancement. Based on the discussion, we have the following proposals:  
Proposal 1: For TS 38.214, we propose the following modification (highlighted by Yellow) on top of the draft CR [6].
Proposal 2: For R17 UL Tx switching, introduce a separate UE capability to reporting the supported switching mode(s) and the candidate values are as below
·   switchedUL, dualUL, both     
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