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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 RAN1#104b-e meeting, some agreements were reached for this topic [2]. 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



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. During RAN1#104b-e meeting, companies discussed the following alternatives. From our perspective, to simplify the implementation, one option is to go with Alt.1. And 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.
Proposal 6: 
· Down select on the following alternatives to address the issue that the state of Tx chains after Tx switching may not be unique.
· Alt 1: The state of Tx chains after Tx switching is predefined in the specifications.
· Alt 2: The state of Tx chains after Tx switching is indicated by Network.
· Alt 3: The state of Tx chains after Tx switching is determined by UE.
Proposal 1: For Rel-17 2Tx-2Tx switching between two uplink carriers for UL CA Option 2, 
· 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, the UE switches to case2.

In RAN1#104b-e meeting, companies discussed and proposed to reuse the Rel-16 “triggering mechanism” in Section S6.1.6.2/S6.1.6.3 of TS38.214 for Rel-17 UL Tx switching for CA and SUL. However, it is not clear what the detailed meaning/scope of “triggering mechanism”. For example, it is not clear whether the T_offset mentioned in Section S6.1.6.2/S6.1.6.3 is part of the “triggering mechanism”, and whether to reuse the same value for Rel-17. To avoid the unnecessary debate on the definition of “triggering mechanism”, we propose to discuss the TP for SUL and CA directly.
Proposal 2: Introduce the following draft TP for Rel-17 2Tx-2Tx switching between two uplink carriers for UL CA in S6.1.6.2 of TS38.214.
	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.



3-carrier scenario
[bookmark: _GoBack]Case1 & Case2 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) 



The applicability of switching gap can be summarized as the following.
Proposal 3: For Rel-17 1Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, for SUL and UL CA Option 1, the switching gap is needed for the following cases:
1. The next transmission is a 1-port or 2-port transmission on carrier2 or carrier3 and the preceding transmission was a 1-port transmission on carrier1;
2. The next transmission is a 1-port transmission on carrier1 and the preceding transmission was a 1-port or 2-port transmission on carrier2 or carrier3.

Proposal 4: For Rel-17 1Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, for UL CA Option 2, the switching gap is needed for the following cases:
1. The next transmission is a 1-port or 2-port transmission on carrier2 or carrier3 and the preceding transmission was a 1-port transmission on carrier1, carrier2 or carrier3 and UE is under Case1
2. The next transmission is a 1-port transmission on carrier1 and the preceding transmission was a 1-port or 2-port transmission on carrier2 or carrier3

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 the following draft TP 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.



	[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.





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 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 applicability of switching gap can be summarized as the following.
Proposal 6: For Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, for SUL and UL CA Option 1, the switching gap is needed for the following cases:
1. The next transmission is a 1-port or 2-port transmission on carrier2 or carrier3 and the preceding transmission was a 1-port or 2-port transmission on carrier1;
2. The next transmission is a 1-port or 2-port transmission on carrier1 and the preceding transmission was a 1-port or 2-port transmission on carrier2 or carrier3.

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 7: Introduce the following draft TP 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.


	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.




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)



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 8: 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 carrier, 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.

The applicability of switching gap can be summarized as the following.
Proposal 9: For Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, for UL CA Option 2, the switching gap is needed for the following cases:
1. The next transmission is a 1-port carrier1 and the preceding transmission was a 1-port or 2-port transmission on carrier2 or carrier3 and UE is under case2;
2. The next transmission is a 1-port transmission on carrier2 or carrier3 and the preceding transmission was a 1-port or 2-port transmission on carrier1 and the UE is under case3;
3. The next transmission is a 2-port transmission on carrier2 or carrier3 and the preceding transmission was a 1-port or 2-port transmission on carrier1;
4. The next transmission is a 2-port transmission on carrier1 and the preceding transmission was a 1-port or 2-port transmission on carrier2 or carrier3;
5. The next transmission is 2-port transmission on carrier2 or carrier3 and the preceding transmission was a 1-port transmission on carrier1, carrier2 or carrier3 and UE is case1;
6. The next transmission is 2-port transmission on carrier1 and the preceding transmission was a 1-port transmission on carrier1, carrier2 or carrier3 and UE is case1.

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 10: Introduce the following draft TP 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.

	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.



Conclusion
In this contribution, we discuss and analyse Rel-17 UL Tx switching with the following proposals.
2-carrier scenario
Proposal 1: For Rel-17 2Tx-2Tx switching between two uplink carriers for UL CA Option 2, 
· 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, the UE switches to case2.
Proposal 2: Introduce the following draft TP for Rel-17 2Tx-2Tx switching between two uplink carriers for UL CA in S6.1.6.2 of TS38.214.
	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.



3-carrier scenario: Case1 & Case2 for CA and SUL
Proposal 3: For Rel-17 1Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, for SUL and UL CA Option 1, the switching gap is needed for the following cases:
1. The next transmission is a 1-port or 2-port transmission on carrier2 or carrier3 and the preceding transmission was a 1-port transmission on carrier1;
2. The next transmission is a 1-port transmission on carrier1 and the preceding transmission was a 1-port or 2-port transmission on carrier2 or carrier3.
Proposal 4: For Rel-17 1Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, for UL CA Option 2, the switching gap is needed for the following cases:
1. The next transmission is a 1-port or 2-port transmission on carrier2 or carrier3 and the preceding transmission was a 1-port transmission on carrier1, carrier2 or carrier3 and UE is under Case1
2. The next transmission is a 1-port transmission on carrier1 and the preceding transmission was a 1-port or 2-port transmission on carrier2 or carrier3
Proposal 5: Introduce the following draft TP 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.



	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.





3-carrier scenario: Case2 & Case3 for CA and SUL
Proposal 6: For Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, for SUL and UL CA Option 1, the switching gap is needed for the following cases:
1. The next transmission is a 1-port or 2-port transmission on carrier2 or carrier3 and the preceding transmission was a 1-port or 2-port transmission on carrier1;
2. The next transmission is a 1-port or 2-port transmission on carrier1 and the preceding transmission was a 1-port or 2-port transmission on carrier2 or carrier3.
Proposal 7: Introduce the following draft TP 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.
	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.





3-carrier scenario: Case1 & Case2 & Case3 for CA
Proposal 8: 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 carrier, 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 9: For Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, for UL CA Option 2, the switching gap is needed for the following cases:
1. The next transmission is a 1-port carrier1 and the preceding transmission was a 1-port or 2-port transmission on carrier2 or carrier3 and UE is under case2;
2. The next transmission is a 1-port transmission on carrier2 or carrier3 and the preceding transmission was a 1-port or 2-port transmission on carrier1 and the UE is under case3;
3. The next transmission is a 2-port transmission on carrier2 or carrier3 and the preceding transmission was a 1-port or 2-port transmission on carrier1;
4. The next transmission is a 2-port transmission on carrier1 and the preceding transmission was a 1-port or 2-port transmission on carrier2 or carrier3;
5. The next transmission is 2-port transmission on carrier2 or carrier3 and the preceding transmission was a 1-port transmission on carrier1, carrier2 or carrier3 and UE is case1;
6. The next transmission is 2-port transmission on carrier1 and the preceding transmission was a 1-port transmission on carrier1, carrier2 or carrier3 and UE is case1.
Proposal 10: Introduce the following draft TP 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.

	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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