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During RAN#90-e meeting, one objective was approved in NR_RF_FR1_enh WI [1] to support UL Tx switching for SUL and CA for both 2-carrier case and 3-carrier case in Rel-17. During the previous meetings, most of the Tx switching framework has been finalized. In this contribution, we present our further analysis for the remaining open issues for Rel-17 UL Tx switching.
2-carrier scenario
During RAN1#104b-e meeting, the following table was agreed for CA Option1 and SUL for 2-carrier scenario.
Agreements:
For Rel-17 2Tx-2Tx switching between two uplink carriers, the mapping between UL transmission ports and Tx chain for SUL and UL CA Option 1 is defined as follows.
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

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

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



Meanwhile, the following table was agreed for CA Option2. 
Agreements:
For Rel-17 2Tx-2Tx switching between two uplink carriers, the mapping between UL transmission ports and Tx chain for UL CA Option 2 is defined as follows.
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

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

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

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



During RAN1#105-e meeting, the following agreements were achieved.
	[bookmark: _Hlk72858629]Agreement:
· For a UE configured with higher layer parameter supplementaryUplink and with 2Tx-2Tx UL Tx switching between two uplink carriers, the mechanism of uplink switching specified in S6.1.6.3 of TS 38.214 is reused.
Agreement:
· For a UE configured with UL CA Option 1 and with 2Tx-2Tx UL Tx switching between two uplink carriers, the mechanism of uplink switching specified in S6.1.6.2 of TS 38.214 is reused with the following add-on.
· When the UE is to transmit a 2-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 NTx1-Tx2 on any of the two carriers.
Agreement:
· For inter-band UL CA, if 2Tx-2Tx UL Tx switching between two uplink carriers 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 1Tx on carrier 1 and 1Tx on carrier 2, the next UL transmission has a 2-port transmission on either carrier 1 or carrier 2.
· If the current state of Tx chains is 0Tx on carrier 1 and 2Tx on carrier 2, the next UL transmission has a 1-port or 2-port transmission on carrier 1.
· If the current state of Tx chains is 2Tx on carrier 1 and 0Tx on carrier 2, the next UL transmission has a 1-port or 2-port transmission on carrier 2.
· For other cases, the state of Tx chains of last UL transmission is assumed.
· Note: For SUL, UL CA option 1 and UL CA option 2, in RAN1 understanding, no spec change to power configuration and power control.

Agreement:
· For a UE configured with 2Tx-2Tx UL Tx switching between two uplink carriers and configured with UL CA Option 2, if the state of Tx chains after UL Tx switching is not unique, a rule to determine the state of Tx chains after Tx switching is to be specified.
· FFS: The state of Tx chains with the most of Tx chains on the most important uplink carrier is assumed, e.g. the carrier with uplinkTxSwitchingPeriodLocation configured as false.




For UL CA Option2, there is one remaining issue, i.e., how to address the ambiguity issue for 1P+0P/0P+1P since they are put in two cases. In RAN1#106-e meeting, the following agreements were reached. 
For Option1, coupling the default state with uplinkTxSwitchingPeriodLocation is not necessary from our perspective. Regarding the carrier with uplinkTxSwitchingPeriodLocation configured as false, it may NOT necessary be the important carrier. For example. FDD+TDD CA, the TDD carrier is configured uplinkTxSwitchingPeriodLocation as false, but this doesn’t mean TDD carrier is more important than FDD carrier. Which carrier is more important is typically decided by operator, not decided by the parameter uplinkTxSwitchingPeriodLocation. 
For Option2 and Option3, since UE supports both 1-port and 2-port transmission on carrier2 and carrier1 under Case2 and Case3, respectively, to avoid unnecessary switching between 1-port and 2-port transmission, it is more appropriate to predefine the target case as Case2 and Case3. More specifically, if UE is under Case3 now and the next transmission is 0P+1P, UE switches to Case2; if UE is under Case2 now and the next transmission is 1P+0P, UE switches to Case3. Thus, we have the following proposal. Thus, we prefer Option2.
	Agreement: Down select one of the following options in RAN1#106b-e:
   Option 1: 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, then
‐   1Tx on carrier 1 and 1Tx on carrier 2 is assumed if the carrier is configured with uplinkTxSwitchingPeriodLocation as true.
‐   the state of Tx chains supporting 2Tx transmission is assumed on the carrier if the carrier is configured with uplinkTxSwitchingPeriodLocation as false.
   Option 2: 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, then the state of Tx chains supporting 2Tx transmission on the carrier is assumed.
   Option 3: 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, then 1Tx on carrier 1 and 1Tx on carrier 2 is assumed.



Proposal 1: For Rel-17 2Tx-2Tx switching between two uplink carriers for UL CA Option 2, adopt Option2, i.e., 
· Option 2: 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, then the state of Tx chains supporting 2Tx transmission on the carrier is assumed.
The following TP is proposed to capture the above agreements and proposal 1 into specification.
Proposal 2: Introduce TP-1 (in section 7.1) for Rel-17 2Tx-2Tx switching between two uplink carriers for UL CA in S6.1.6.2 of TS38.214.
3-carrier scenario
{Case1/Case2} and {Case2/Case3} for CA and SUL
During RAN1#104b-e meeting, the following table was agreed for CA Option1 and SUL for 3-carrier scenario for case1/case2.
Agreement:
For Rel-17 1Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, the mapping between UL transmission ports and Tx chain for SUL and UL CA Option 1 is defined as follows.
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2 + carrier 3))

	Case 1
	1T+1T
	1P+(0P+0P)

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



Meanwhile, the following table was also agreed for CA Option2.
Agreement:
For Rel-17 1Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, the mapping between UL transmission ports and Tx chain for UL CA Option 2 is defined as follows.
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2 + carrier 3))

	Case 1
	1T+1T
	1P+(0P+0P), 1P+(1P+0P), 1P+(0P+1P), 1P+(1P+1P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P) 

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



During RAN1#104b-e meeting, the following table was agreed for CA Option1 and SUL for 3-carrier scenario for case2/case3.
Agreement:
For Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, the mapping between UL transmission ports and Tx chain for SUL and UL CA Option 1 is defined as follows.
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2 + carrier 3))

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

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



The agreements on applicability of switching gap were achieved in RAN1#106-e meeting.
	Agreement
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.
Agreement
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.



Similarly, to avoid the unnecessary debate on whether to reuse the previous “triggering mechanism” and the definition/scope of “triggering mechanism”, we propose to discuss the TP directly.
Proposal 3: 
· Introduce TP-2 (in Section 7.2) for Rel-17 1Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B for UL CA in S6.1.6.2 of TS38.214.
· Introduce TP-3 (in Section 7.3) for Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B for UL CA in S6.1.6.2 of TS38.214.

Case1 & Case2 & Case3 for CA
During RAN1#104b-e meeting, the following table was agreed for CA Option1 and SUL for 3-carrier scenario for case1/case2/case3.
Agreement:
For Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, the mapping between UL transmission ports and Tx chain for UL CA Option 2 is defined as follows.
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2 + carrier 3))

	Case 1
	1T+1T
	1P+(0P+0P), 1P+(1P+0P), 1P+(0P+1P), 1P+(1P+1P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P) 

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

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



The agreements on applicability of switching gap were achieved in RAN1#106-e meeting.
	Agreement
For inter-band UL CA, if 2Tx-2Tx UL Tx switching between 1 carrier on band A and 2 carriers on band B 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 1Tx on band A and 1Tx on band B, the next UL transmission has a 2-port transmission on the carrier on band A or at least one carrier on band B.
· If the current state of Tx chains is 0Tx on band A and 2Tx on band B, the next UL transmission has a 1-port or 2-port transmission on the carrier on band A.
· If the current state of Tx chains is 2Tx on band A and 0Tx on band B, the next UL transmission has a 1-port or 2-port transmission on at least one carrier on band B.
· For other cases, the state of Tx chains of last UL transmission is assumed. 



For the above UL CA Option2, there is one remaining issue, i.e., how to address the ambiguity issue for 1P+(0P+0P) since it is put in two cases. 0P+(1P+0P), 0P+(0P+1P) and 0P+(1P+1P) have similar ambiguity issue. From our perspective, to simplify the implementation, one option is to predefine the switching direction for them in the specification. And more specifically, if UE is under Case3 now and the next transmission is 0P+(1P+0P), 0P+(0P+1P) or 0P+(1P+1P), UE switches to Case2; if UE is under Case2 now and the next transmission is 1P+(0P+0P), UE switches to Case3.
Proposal 4: For Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, 
· if the UE is under case2 and it is to transmit a 1-port transmission on carrier1, the UE switches to case3
· if the UE is under case3 and it is to transmit a 1-port transmission on carrier2 and/or carrier3, the UE switches to case2.

Similarly, to avoid the unnecessary debate on whether to reuse the previous “triggering mechanism” and the definition/scope of “triggering mechanism”, we propose to discuss the TP directly.
Proposal 5: Introduce TP-4 (in Section 7.4) for Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B for UL CA Option2 in S6.1.6.2 of TS38.214.

Switching mode between 1Tx-2Tx and 2Tx-2Tx
In RAN1#106-e meeting, the following agreements were reached. There are two options on the table to differentiate 1Tx-2Tx and 2Tx-2Tx switching mode.
	Agreement: Down select one of the following options in RAN1 #106bis-e
Option 1:
·    For a UE configured with UL Tx switching via uplinkTxSwitching, the maximum number of antenna ports among all configured P-SRS/A-SRS and activated SP-SRS resources is used to determine the operation mode, i.e. either 1Tx-2Tx switching mode or 2Tx-2Tx switching mode.
· a)      2Tx-2Tx switching mode: when the maximum number is 2 for both all uplinks configured with uplinkTxSwitching
· b)      1Tx-2Tx switching mode: when the maximum number is 1 for any one uplink configured with uplinkTxSwitching
· c)       the switching gap duration for a triggered uplink switching is equal to the switching time capability value reported for the switching mode
· o    Note: If the switching time capability value for 1Tx-2Tx switching mode is not reported by the UE, the value reported for 2Tx-2Tx switching mode is applied.
· d)      If any of the above SRS resources is configured with usage “noncodebook”, then the max number of 2 antenna ports are counted for the SRS resources during the determination of operation mode.
· o    FFS how to determine the number of antenna ports for SRS resources.
Option 2:
·    For a UE configured with UL Tx switching via uplinkTxSwitching, a new RRC parameter is used to indicate 1Tx-2Tx switching mode or 2Tx-2Tx switching mode.



If a new RRC parameter is introduced, network and UE can directly determine whether the SRS for “noncodebook” should be 1Tx or 2Tx. However, with Option1, network and UE has to consider the SRS for “noncodebook” as 2Tx. For example, Carrier 1 (non-codebook) + Carrier 2 (2-port UL transmission supported), if a RRC parameter is introduced in Carrier 1 to indicate 1Tx-2Tx or 2Tx-2Tx switching mode, network and UE can have the same understanding whether 1Tx or 2Tx should be applied for PUSCH transmission on Carrier 1. However, with Option1, network and UE has to consider it as 2Tx is applied for PUSCH transmission on Carrier 1. 
The current spec supports non-codebook based 1Tx PUSCH transmission with configuration of one single port SRS resource but the above proposal seems to preclude such operation. It’s also confusing to say 2 antenna ports are counted in this case even 1-port SRS is configured. We don’t see any benefit of defining such complicated rule. We only see possible confusion and ambiguity on the understandings from gNB and UE sides on the operation mode. For example, the number of antenna ports sometimes depends on RRC configuration and sometimes depend on MAC-CE activation (e.g. activated SP-SRS resource). Also, we need to clarify whether configured SRS resources in inactive BWPs/cell should be counted as well. In any case, it is too complicated to require UE and network to sync up counting in different protocol layers. We would suggest to stop the discussion for Option1 and go for Option 2 for simplicity already in this meeting if there is no strong reason to support such complicated rule in Option 1.
Proposal 6: For a UE configured with UL Tx switching via uplinkTxSwitching, a new RRC parameter is used to indicate 1Tx-2Tx switching mode or 2Tx-2Tx switching mode.

Conclusion
In this contribution, we discuss and analyse Rel-17 UL Tx switching with the following proposals.
Proposal 1: For Rel-17 2Tx-2Tx switching between two uplink carriers for UL CA Option 2, adopt Option2, i.e., 
· Option 2: 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, then the state of Tx chains supporting 2Tx transmission on the carrier is assumed.
Proposal 2: Introduce TP-1 (in section 7.1) for Rel-17 2Tx-2Tx switching between two uplink carriers for UL CA in S6.1.6.2 of TS38.214.
Proposal 3: 
· Introduce TP-2 (in Section 7.2) for Rel-17 1Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B for UL CA in S6.1.6.2 of TS38.214.
· Introduce TP-3 (in Section 7.3) for Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B for UL CA in S6.1.6.2 of TS38.214.
Proposal 4: For Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, 
· if the UE is under case2 and it is to transmit a 1-port transmission on carrier1, the UE switches to case3
· if the UE is under case3 and it is to transmit a 1-port transmission on carrier2 and/or carrier3, the UE switches to case2.
Proposal 5: Introduce TP-4 (in Section 7.4) for Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B for UL CA Option2 in S6.1.6.2 of TS38.214.
Proposal 6: For a UE configured with UL Tx switching via uplinkTxSwitching, a new RRC parameter is used to indicate 1Tx-2Tx switching mode or 2Tx-2Tx switching mode.
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Proposed TP
TP-1
	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, 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' or configured with [RRC_R17_CA Option1_2carrier], 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 [RRC_R17_CA Option1_2carrier] or [RRC_R17_CA Option2_2carrier], when the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission was 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 '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.
-	For the UE configured with [RRC_R17_CA Option2_2carrier], when the UE is to transmit a 1-port on one uplink carrier and if the preceding uplink transmission was a 1-port or 2-port transmission on another uplink carrier and the UE is under the operation state in which 2-port transmission can be supported on the another uplink carrier, then the UE switches to the operation state in which 2-port transmission can be supported on the uplink carrier and the UE is not expected to transmit for the duration of  on any of the two carriers.
-	For the UE configured with [RRC_R17_CA Option2_2carrier], 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 or another uplink carrier and the UE is under the operation state in which 2-port transmission cannot be supported in either 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.



TP-2
	[bookmark: _Toc45810629][bookmark: _Toc67304483]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 two uplink carriers for uplink carrier aggregation:
-	If the UE is configured with uplink switching with parameter uplinkTxSwitching, 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.
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 three uplink carriers for uplink carrier aggregation, where carrier1 is in one band and carrier2 and carrier3 are in another band:
-	If the UE is configured with uplink switching with parameter uplinkTxSwitching, when the UE is to transmit in the uplink based on DCI(s) received before  or based on a higher layer configuration(s):
-	For the UE configured with [RRC_R17_CA Option1_3carrier-case1-case2], when the UE is to transmit a 1-port or 2-port transmission on carrier2 or carrier3 and if the preceding uplink transmission was a 1-port transmission on carrier1, then the UE is not expected to transmit for the duration of  on any of the three carriers.
-	For the UE configured with [RRC_R17_CA Option1_3carrier-case1-case2], when the UE is to transmit a 1-port on carrier1 and if the preceding uplink transmission was a 1-port or 2-port transmission on carrier2 or carrier3, then the UE is not expected to transmit for the duration of  on any of the three carriers.
-	For the UE configured with [RRC_R17_CA Option2_3carrier-case1-case2], when the UE is to transmit a 2-port transmission on carrier2 or carrier3 and if the preceding uplink transmission was a 1-port transmission on carrier1, carrier2 or carrier3 and the UE is under the operation state in which 2-port transmission can’t be supported on any uplink carrier, then the UE is not expected to transmit for the duration of  on any of the three carriers.
-	For the UE configured with [RRC_R17_CA Option2_3carrier-case1-case2], when the UE is to transmit a 1-port on carrier1 and if the preceding uplink transmission was a 1-port or 2-port transmission on carrier2 or carrier3, then the UE is not expected to transmit for the duration of  on any of the three carriers.
-	The UE is not expected to be scheduled or configured with uplink transmissions that result in simultaneous transmission on two antenna ports on carrier1, and any transmission on carrier2 or carrier3. The UE is not expected to be scheduled or configured with uplink transmissions that result in simultaneous transmission on two antenna ports on carrier2 or carrier3, and any transmission on carrier1.
-	In all other cases the UE is expected to transmit normally all uplink transmissions without interruptions.


TP-3
	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 three uplink carriers for uplink carrier aggregation, where carrier1 is in one band and carrier2 and carrier3 are in another band:
-	If the UE is configured with uplink switching with parameter uplinkTxSwitching, when the UE is to transmit in the uplink based on DCI(s) received before  or based on a higher layer configuration(s):
-	For the UE configured with [RRC_R17_CA Option1_3carrier-case2-case3], when the UE is to transmit a 1-port or 2-port transmission on carrier2 or carrier3 and if the preceding uplink transmission was a 1-port or 2-port transmission on carrier1, then the UE is not expected to transmit for the duration of  on any of the three carriers.
-	For the UE configured with [RRC_R17_CA Option1_3carrier-case2-case3], when the UE is to transmit a 1-port or 2-port transmission on carrier1 and if the preceding uplink transmission was a 1-port or 2-port transmission on carrier2 or carrier3, then the UE is not expected to transmit for the duration of  on any of the three carriers.
-	The UE is not expected to be scheduled or configured with uplink transmissions that result in simultaneous transmission on two antenna ports on carrier1, and any transmission on carrier2 or carrier3. The UE is not expected to be scheduled or configured with uplink transmissions that result in simultaneous transmission on two antenna ports on carrier2 or carrier3, and any transmission on carrier1.
-	In all other cases the UE is expected to transmit normally all uplink transmissions without interruptions.




TP-4
	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 three uplink carriers for uplink carrier aggregation, where carrier1 is in one band and carrier2 and carrier3 are in another band, for the UE configured with [RRC_R17_CA Option1_3carrier-case1-case2-case3]:
-	If the UE is configured with uplink switching with parameter uplinkTxSwitching, 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 1-port transmission on uplink carrier1 and if the preceding uplink transmission was a 1-port or 2-port transmission on uplink carrier2 or carrier3 and the UE is under the operation state in which 2-port transmission can be supported in carrier2 and carrier3, the UE switches to the operation state in which 2-port transmission can be supported on carrier1 and the UE is not expected to transmit for the duration of [image: C:\Users\10240317\AppData\Local\Temp\ksohtml\wpsA9C.tmp.jpg] on any of the three carriers. 
-	When the UE is to transmit a 1-port transmission on uplink carrier2 or carrier3 and if the preceding uplink transmission was a 1-port or 2-port transmission on uplink carrier1 and the UE is under the operation state in which 2-port transmission can be supported in carrier1, the UE switches to the operation state in which 2-port transmission can be supported on carrier2 and carrier3 and the UE is not expected to transmit for the duration of [image: C:\Users\10240317\AppData\Local\Temp\ksohtml\wpsA9C.tmp.jpg] on any of the three carriers. 
-	When the UE is to transmit a 2-port transmission on uplink carrier2 or carrier3 and if the preceding uplink transmission was a 1-port or 2-port transmission on uplink carrier1, then the UE is not expected to transmit for the duration of [image: C:\Users\10240317\AppData\Local\Temp\ksohtml\wpsA9C.tmp.jpg] on any of the three carriers. 
-	When the UE is to transmit a 2-port transmission on uplink carrier1 and if the preceding uplink transmission was a 1-port or 2-port transmission on uplink carrier2 or carrier3, then the UE is not expected to transmit for the duration of [image: C:\Users\10240317\AppData\Local\Temp\ksohtml\wpsA9C.tmp.jpg] on any of the three carriers. 
-	When the UE is to transmit a 2-port transmission on uplink carrier2 or carrier3 and if the preceding uplink transmission was a 1-port transmission on uplink carrier1, carrier2 or carrier3 and the UE is under the operation state in which 2-port transmission cannot be supported on any of carrier, then the UE is not expected to transmit for the duration of [image: C:\Users\10240317\AppData\Local\Temp\ksohtml\wpsA9C.tmp.jpg] on any of the three carriers. 
-	When the UE is to transmit a 2-port transmission on uplink carrier1 and if the preceding uplink transmission was a 1-port transmission on uplink carrier1, carrier2 or carrier3 and the UE is under the operation state in which 2-port transmission cannot be supported in any of carrier, then the UE is not expected to transmit for the duration of [image: C:\Users\10240317\AppData\Local\Temp\ksohtml\wpsA9C.tmp.jpg] on any of the three carriers. 
-	The UE is not expected to be scheduled or configured with uplink transmissions that result in simultaneous transmission on two antenna ports on carrier1, and any transmission on carrier2 or carrier3. The UE is not expected to be scheduled or configured with uplink transmissions that result in simultaneous transmission on two antenna ports on carrier2 or carrier3, and any transmission on carrier1.
-	In all other cases the UE is expected to transmit normally all uplink transmissions without interruptions.
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