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1.  Introduction
[bookmark: _Hlk65161006]In the previous RAN2 meetings, how to report UE capability for R17 UL Tx switching has been discussed and captured in R17 running CRs s in R2-2109225 and R2-2109226. However, with regard to RRC reconfiguration for R17 UL Tx switching especially 2Tx-2Tx switching, RAN2 did not dig much considering it may be pending to RAN1 discussion.
In RAN1 Oct meeting, there were some discussion and conclusion related to RRC configuration, thus in this contribution, we analyse the potential RRC impact based on RAN1 progress and discuss how to capture the related RAN1 agreement achieved so far.
2. Discussion
In Rel-16, RAN2 introduced the following RRC configuration parameters for UL Tx switching:
· In uplinkConfig,
· uplinkTxSwitching to configure switching period location in uplinkTxSwitchingPeriodLocation and carrier role in uplinkTxSwitchingCarrier;
· Furthermore, specific for UL CA case, in cellGroupConfig, 
· uplinkTxSwitchingOption to configure option1 or option2 for UL CA option 2;
· uplinkTxSwitchingPowerBoosting to indicate if power boosting is enabled.

Table 1 UL Tx switching scenarios in Rel-16 and Rel-17
	Scenario 0
	R16 1T-2T switching
	1 CC on band A, 1 CC on band B

	Scenario 1
	R17 1T-2T switching
	1 CC on band A, 2 CCs on band B

	Scenario 2
	R17 2T-2T switching
	1 CC on band A, 1 CC on band B

	Scenario 3
	R17 2T-2T switching
	1 CC on band A, 2 CCs on band B



As shown in the above Table 1, expect Rel-16 scenario 0, RAN2 needs also enable the configuration for Rel-17 scenario 1-3, i.e. 
· How network configures/UE determines between 2Tx-2Tx switching and 1Tx-2Tx switching.
· How network configures/UE determines 2 CCs on band B when 1Tx-2Tx switching/2Tx-2Tx switching is configured.
2.1 RAN1 situation
In RAN1 Oct meeting, there are two related issues discussed, i.e.
· Issue 1: Determination of the state of Tx chains for 2Tx-2Tx switching
· Issue 2: Differentiation between 1Tx-2Tx switching and 2Tx-2Tx switching

For Issue1, RAN1 made the following agreement.
	Agreement:
· For UL-CA Option2, if UL Tx switching is triggered for 1-port transmission on a carrier and the state of Tx chains after the UL Tx switching is not unique, introduce a new RRC parameter to configure between 1) and 2) 
· 1) The state of Tx chains supporting 2Tx transmission on the carrier is assumed.
· 2) 1Tx on carrier 1 and 1Tx on carrier 2 is assumed.



For Issue2, there are two options on the table, and RAN1 needs to further down selection between them. In our understanding the two options may both work, and the only difference would be whether to reuse existing RRC parameter or introduce a new RRC parameter, i.e. whether the UE will rely on a new RRC parameter to determine if the network is configuring 2Tx-2Tx switching instead of 1Tx-2Tx switching.
Proposal 1: RAN2 to capture the RRC parameter to configure the state of Tx chains for UL-CA option2 in case of 2Tx-2Tx switching.
Proposal 2: RAN2 to wait for RAN1 further progress on whether to reuse existing RRC parameter or introduce a new RRC parameter for UE differentiation 1Tx-2Tx switching and 2Tx-2Tx switching. 
2.2 RAN2 RRC signalling design
Based on above RAN1 situation, RAN2 needs wait for RAN1 progress to decide how to configure scenario 2 and scenario 3, i.e. 2Tx-2Tx switching. 
For the configuration of scenario 1, i.e. 2CCs on band B in case of 1Tx-2Tx switching, RAN1 and RAN4 agreed the same UE behaviour of Rel-16 1Tx-2Tx switching as blow, RAN2 can discuss whether and how the existing signalling is applicable to the case of 2CCs on bandB.
	RAN1 Agreements:
· For SUL and UL CA option 1, if 1Tx-2Tx UL Tx switching or 2Tx-2Tx UL Tx switching between 1 carrier on band A and 2 carriers on band B is configured, the switching period is only applicable when the UL transmissions are switched between band A and band B.

· For inter-band UL CA, if 1Tx-2Tx UL Tx switching between 1 carrier on band A and 2 carriers on band B is configured is configured: 
· For option 2 of mapping between UL transmission ports and Tx chain
· The switching period is only applicable in the following cases:
· If the current state of Tx chains is 1 Tx on band A and 1Tx on band B, the next UL transmission has a 2-port transmission on at least one carrier on band B.
· If the current state of Tx chains is 0 Tx on band A and 2Tx on band B, the next UL transmission has a 1-port transmission on the carrier on band A.
· For other cases, the state of Tx chains of last UL transmission is assumed.



	Excerpt from RAN4 specification TS38.101-1-h30 6.3A.3.3.4 (for CA)/6.3C.3.3 (for SUL):
[bookmark: _Toc68230781][bookmark: _Toc69084194][bookmark: _Toc75467204][bookmark: _Toc76509226][bookmark: _Toc76718216][bookmark: _Toc83580537][bookmark: _Toc84405046][bookmark: _Toc84413655]6.3A.3.3.4	Time mask for switching between one uplink band with one transmit antenna connector and one uplink band with two transmit antenna connectors
…
The switching periods described in Figure 6.3A.3.3.4-1a and Figure 6.3A.3.3.4-1b are located in either NR band A or band B as indicated in RRC signalling [TBD] [7], and the length of uplink switching period X is less than the value indicated by UE capability [TBD].
…
[bookmark: _Toc68230804][bookmark: _Toc69084217][bookmark: _Toc75467227][bookmark: _Toc76509249][bookmark: _Toc76718239][bookmark: _Toc83580560][bookmark: _Toc84405069][bookmark: _Toc84413678]6.3C.3.3	Time mask for switching between one uplink band with one transmit antenna connector and one uplink band with two transmit antenna connectors
…
The switching periods described in Figure 6.3C.3.3-1a and Figure 6.3C.3.3-1b are located in either NR band A or band B as indicated in RRC signalling [TBD] [7], and the length of uplink switching period X is less than the value indicated by UE capability [TBD].



In Rel-16, the IE “UplinkTxSwitching-r16” was added into UplinkConfig of both UL carriers. For each carrier the field uplinkTxSwitchingPeriodLocation indicate if the UL Tx switching period is located on the configured carrier and the field uplinkTxSwitchingCarrier indicates the configured carrier is either carrier1 or carrier2.
UplinkTxSwitching-r16 ::=              SEQUENCE {
    uplinkTxSwitchingPeriodLocation-r16    BOOLEAN,
    uplinkTxSwitchingCarrier-r16           ENUMERATED {carrier1, carrier2}
}
	uplinkTxSwitchingPeriodLocation
Indicates whether the location of UL Tx switching period is configured in this uplink carrier in case of inter-band UL CA, SUL, or (NG)EN-DC, as specified in TS 38.101-1 [15] and TS 38.101-3 [34]. In case of inter-band UL CA or SUL, network configures this field to TRUE for one of the uplink carriers involved in dynamic UL TX switching and configures this field in the other carrier to FALSE. In case of (NG)EN-DC, network always configures this field to TRUE for NR carrier (i.e. with (NG)EN-DC, the UL switching period always occurs on the NR carrier).

	uplinkTxSwitchingCarrier
Indicates that the configured carrier is carrier1 or carrier2 for dynamic uplink Tx switching, as defined in TS 38.101-1 [15] and TS 38.101-3 [34]. In case of inter-band UL CA or SUL, network configures one of the two uplink carriers involved in dynamic UL TX switching as carrier1 and the other as carrier2. In case of (NG)EN-DC, network always configures the NR carrier as carrier 2.



To configure 2CCs on band B for 1Tx-2Tx switching in which case the network needs to configure 3 carriers (each one associated with on uplinkConfig), the simplest way is that network include UplinkTxSwitching in each carriers’ uplinkConfig, and make sure the location is configured either in the carrier on band A or the both carriers on band B. Then it would align with the agreements in RAN1 and RAN4.
Proposal 3: To configure 2CCs on band B for 1Tx-2Tx switching, among the 3 uplinks configured with UplinkTxSwitching, the field uplinkTxSwitchingPeriodLocation is configured to either the uplink on band A or both uplinks on band B (i.e the band capable of 2Tx).
About the configuration of uplinkTxSwitchingCarrier (i.e. carrier1 or carrier2), we observe RAN1 specification do not use this RRC configuration while RAN4 specifications use the terminologies of carrier1 and carrier2 with different meaning, i.e. carrier2 is the carrier capable of 2Tx transmission but not a RRC configuration. However this field is mandatory in Rel-16, we prefer to reuse it at least for the case of 1Tx-2Tx switching with 2 CCs on band B. Then the network needs to configure the same value for the 2 carriers on band B, i.e. network set uplinkTxSwitchingCarrier as carrier 1 for one uplink, and set uplinkTxSwitchingCarrier as carrier2 for the two uplinks on band B. The 2 layer MIMO can only be configured on band B.
Proposal 4: To configure 2CCs on band B for 1Tx-2Tx switching, among the 3 uplinks configured with UplinkTxSwitching, the field uplinkTxSwitchingCarrier is set as carrier1 for the uplink on band A, while the field uplinkTxSwitchingCarrier is set as carrier2 for the both uplinks on band B (i.e the band capable of 2Tx).
The draft CRs to TS 38.331 is provided in R2-2111060 to show the explicit spec change to implement P1, P3 and P4.
3. Conclusions
In this contribution, we discuss the RRC configuration based on RAN4/RAN1 progress. The following proposals are provided.
Proposal 1: RAN2 to capture the RRC parameter to configure the state of Tx chains for UL-CA option2 in case of 2Tx-2Tx switching.
Proposal 2: RAN2 to wait for RAN1 further progress on whether to reuse existing RRC parameter or introduce a new RRC parameter for UE differentiation 1Tx-2Tx switching and 2Tx-2Tx switching. 
Proposal 3: To configure 2CCs on band B for 1Tx-2Tx switching, among the 3 uplinks configured with UplinkTxSwitching, the field uplinkTxSwitchingPeriodLocation is configured to either the uplink on band A or both uplinks on band B (i.e. the band capable of 2Tx).
Proposal 4: To configure 2CCs on band B for 1Tx-2Tx switching, among the 3 uplinks configured with UplinkTxSwitching, the field uplinkTxSwitchingCarrier is set as carrier1 for the uplink on band A, while the field uplinkTxSwitchingCarrier is set as carrier2 for the both uplinks on band B (i.e. the band capable of 2Tx).
