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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 the 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 this contribution, we discuss RAN1 impacts of Rel-17 Tx switching enhancement and provide ours views on the corresponding designs.
Discussion
In Rel-16, two cases were considered for UL Tx switching, which are case 1 and case 2, defined in below table [1]
 
	Case 1 
	1 Tx on carrier 1 and 1 Tx on carrier 2

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



According to the R17 WID [2], the Rel-17 enhancements on top of Rel-16 UL Tx switching focus on the following two aspects from the perspective of RAN1 impacts:
· UL MIMO are supported in all UL carriers
· More than 2 UL carriers are supported for UL Tx switching.
For the two-carrier scenarios, the following cases are considered for Rel-17 enhancement
· For Tx switching based on SUL band combination, or uplink CA band combination 
	
	Number of Tx chains in WID (carrier 1 + carrier 2)

	Case 2
	0T+2T

	Case 3
	2T+0T


· For Tx switching based on uplink CA band combination
	
	Number of Tx chains in WID (carrier 1 + carrier 2)

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T



For the three-carrier scenarios where 1 carrier is in band A and 2 contiguous aggregated carriers are in band B, the following cases are considered in Rel-17 enhancement: 
· For Tx switching based on SUL band combination, or uplink CA band combination
	 
	Number of Tx chains in WID (band A + band B)

	Case 1
	1T+1T

	Case 2
	0T+2T


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

	Case 2
	0T+2T

	Case 3
	2T+0T


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

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T



In order to ensure the coherency of Rel-16 and Rel-17 designs, we should reuse Rel-16 design principle and schemes as much as possible. Rel-16 UL Tx switching supports two different operation modes that are 'switchedUL' and 'dualUL', respectively. It is nature to support these two operation modes for Rel-17 UL Tx switching as well. If so, UE has the flexibility to choose different implementations for the support of Rel-17 UL Tx switching.
Proposal 1: For Rel-17 enhanced UL Tx switching, support UE capability signaling for UE to report the support of 'switchedUL' or 'dualUL’.

Since the uplink CA band combination is more complicated than the SUL cases, we can study the CA cases firstly. Considering the three cases for UL Tx switching, we list all the possible switching procedures as below:
· UL Tx switching from case 1 to case 2 (denoted as Switching 1to2)
· UL Tx switching from case 2 to case 1 (denoted as Switching 2to1)
· UL Tx switching from case 1 to case 3 (denoted as Switching 1to3)
· UL Tx switching from case 3 to case 1 (denoted as Switching 3to1)
· UL Tx switching from case 2 to case 3 (denoted as Switching 2to3)
· UL Tx switching from case 3 to case 2 (denoted as Switching 3to2)

For the 2-carrier scenarios, UL Tx switching from case 1 to case 2 is supported in Rel-16 and the support of UL MIMO in carrier 1 does not affect the UL Tx switching procedure. However, the Rel-16 specification only describes the switching from one carrier to another carriers, but cannot fully support the 3-carier scenarios. For example, Rel-16 spec does not differentiate these two combinations: {1 carrier in band A + 1 carrier in Band B} and {1 carrier in band B and another carrier in band B}. On the other hand, it is straightforward and easy to extent Rel-16 procedure to support this case.
Observation 1: For 2-carrier CA scenarios, UL Tx switching from case 1 to case 2 can reuse the Rel-16 procedures.
Observation 2: For 3-carrier CA scenarios, Rel-16 spec cannot support the UL Tx switching from case 1 to case 2.
Based on the above observations, we have the following proposal:
Proposal 2: For 3-carrier CA scenarios, Rel-17 specifies the procedures and conditions to support UL Tx switching from case 1 to case 2 by extending the corresponding Rel-16 procedure.

Similarly, we have the following observations and proposal for the UL switching from case 2 to case 1:
Observation 3: For 2-carrier CA scenarios, UL Tx switching from case 2 to case 1 can reuse the Rel-16 procedure.
Observation 4: For 3-carrier CA scenarios, Rel-16 pec cannot support the UL Tx switching from case 2 to case 1.
Proposal 3: For 3-carrier CA scenarios, Rel-17 specifies the procedures and conditions to support UL Tx switching from case 2 to case 1 by extending the corresponding Rel-16 procedure.

In the current Rel-16 specification, the description for UL Tx switching between 1Tx and 2Tx are very general, which can be applicable for UL Tx switching between case 1 and case 3 as well. Thus, we can make the similar observations and proposals for switching from case 1to case 3 and switching case 3 to case 1. 
Observation 5: For 2-carrier CA scenarios, UL Tx switching from case 1 to case 3 can reuse the Rel-16 procedure.
Observation 6: For 3-carrier CA scenarios, Rel-16 spec cannot support the UL Tx switching from case 1 to case 3.
Proposal 4: For 3-carrier CA scenarios, Rel-17 specifies the procedures and conditions to support UL Tx switching from case 1 to case 3 by extending the corresponding Rel-16 procedure.
Observation 7: For 2-carrier CA scenarios, UL Tx switching from case 3 to case 1 can reuse the Rel-16 procedure.
Observation 8: For 3-carrier CA scenarios, Rel-16 spec cannot support the UL Tx switching from case 3 to case 1.
Proposal 5: For 3-carrier CA scenarios, Rel-17 specifies the procedures and conditions to support UL Tx switching from case 3 to case 1 by extending the corresponding Rel-16 procedure.
The UL Tx switching between Case 2 and Case 3 are totally new procedures compared to Rel-16 UL Tx switching procedures. No matter the 2-carrier CA scenarios or the 3-carrier CA scenarios cannot be supported by the current Rel-16 specification. Thus, we need to specify new procedures for UL Tx switching from case 2 to case 3 and UL Tx switching from case 3 to case 2. 
Proposal 6: For both 2-carrier CA scenarios and 3-carrier CA scenarios, Rel-17 specifies the new procedures and conditions to support UL Tx switching from case 3 to case 2 and UL Tx switching from case 2 to case 3.
In the SUL scenarios, SUL and normal UL cannot be transmitted simultaneously. The current Rel-16 specifies the UL Tx switching between two carriers and the support of UL MIMO does not impact the procedures for the 2-carrier scenarios.
Observation 9: For 2-carrier SUL scenarios, UL Tx switching from case 2 to case 3 and UL Tx switching from case 3 to case 2 can reuse the Rel-16 procedure.

On the other hand, the Rel-16 specification only describes the switching from one carrier to another carriers, but cannot fully supports the 3-carier scenarios. For example, Rel-16 does not differentiate the two combinations of {SUL carrier in band A + 1 normal carrier in Band B} and {1 normal carrier in band B and another normal carrier in band B}. 
Proposal 7: For 3-carrier scenarios with SUL, Rel-17 specifies new procedures and conditions to support the following UL Tx switching:
· UL Tx switching from case 1 to case 2 
· UL Tx switching from case 2 to case 1 
· UL Tx switching from case 2 to case 3 
· UL Tx switching from case 3 to case 2
We summarize our proposals in the following tables:
Table 1: CA scenarios
	
	2-Carrier
	3-Carrier

	Case 1 -> Case 2
	Reuse Rel-16 
	Rel-17 
(extend corresponding Rel-16 procedure) 

	Case 2 -> Case 1
	Reuse Rel-16 
	Rel-17 
(extend corresponding Rel-16 procedure) 

	Case 1 -> Case 3
	Reuse Rel-16 
	Rel-17 
(extend corresponding Rel-16 procedure) 

	Case 3 -> Case 1
	Reuse Rel-16 
	Rel-17 
(extend corresponding Rel-16 procedure) 

	Case 2 -> Case 3
	Rel-17 
	Rel-17 

	Case 3 -> Case 2
	Rel-17 
	Rel-17 



Table 2: SUL scenarios
	
	2-Carrier
	3-Carrier

	Case 1 -> Case 2
	/
	Rel-17 

	Case 2 -> Case 1
	/
	Rel-17 

	Case 1 -> Case 3
	/
	/

	Case 4 -> Case 1
	/
	/

	Case 2 -> Case 3
	Reuse Rel-16 
	Rel-17 

	Case 3 -> Case 2
	Reuse Rel-16 
	Rel-17 



Conclusion
In this contribution, we discuss the Rel-17 scenarios for the enhancement of UL Tx switching. We analyzed whether Rel-16 procedure can be reused or Rel-17 new design is needed case by case and made the following observations and proposals:  
Observation 1: For 2-carrier CA scenarios, UL Tx switching from case 1 to case 2 can reuse the Rel-16 procedures.
Observation 2: For 3-carrier CA scenarios, Rel-16 spec cannot support the UL Tx switching from case 1 to case 2.
Observation 3: For 2-carrier CA scenarios, UL Tx switching from case 2 to case 1 can reuse the Rel-16 procedure.
Observation 4: For 3-carrier CA scenarios, Rel-16 pec cannot support the UL Tx switching from case 2 to case 1.
Observation 5: For 2-carrier CA scenarios, UL Tx switching from case 1 to case 3 can reuse the Rel-16 procedure.
Observation 6: For 3-carrier CA scenarios, Rel-16 spec cannot support the UL Tx switching from case 1 to case 3.
Observation 7: For 2-carrier CA scenarios, UL Tx switching from case 3 to case 1 can reuse the Rel-16 procedure.
Observation 8: For 3-carrier CA scenarios, Rel-16 spec cannot support the UL Tx switching from case 3 to case 1.
Observation 9: For 2-carrier SUL scenarios, UL Tx switching from case 2 to case 3 and UL Tx switching from case 3 to case 2 can reuse the Rel-16 procedure.

Proposal 1: For Rel-17 enhanced UL Tx switching, support UE capability signaling for UE to report the support of 'switchedUL' or 'dualUL’.
Proposal 2: For 3-carrier CA scenarios, Rel-17 specifies the procedures and conditions to support UL Tx switching from case 1 to case 2 by extending the corresponding Rel-16 procedure.
Proposal 3: For 3-carrier CA scenarios, Rel-17 specifies the procedures and conditions to support UL Tx switching from case 2 to case 1 by extending the corresponding Rel-16 procedure.
Proposal 4: For 3-carrier CA scenarios, Rel-17 specifies the procedures and conditions to support UL Tx switching from case 1 to case 3 by extending the corresponding Rel-16 procedure.
Proposal 5: For 3-carrier CA scenarios, Rel-17 specifies the procedures and conditions to support UL Tx switching from case 3 to case 1 by extending the corresponding Rel-16 procedure.
Proposal 6: For both 2-carrier CA scenarios and 3-carrier CA scenarios, Rel-17 specifies the new procedures and conditions to support UL Tx switching from case 3 to case 2 and UL Tx switching from case 2 to case 3.
Proposal 7: For 3-carrier scenarios with SUL, Rel-17 specifies new procedures and conditions to support the following UL Tx switching:
· UL Tx switching from case 1 to case 2 
· UL Tx switching from case 2 to case 1 
· UL Tx switching from case 2 to case 3 
· UL Tx switching from case 3 to case 2
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