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1. Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In Rel-16, the UL Tx switching between a 1Tx carrier and another 2Tx carrier was specified for EN-DC, UL CA and SUL cases. 
In Rel-17, RAN4 has extended the UL Tx switching feature to the following cases
· 2Tx-2Tx switching between two uplink carriers for SUL and UL CA
· 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA
The relevant objectives are as below [1]
	· 2) Specify UE requirements to enable Tx switching between different cases across carriers based on SUL and NR inter-band uplink CA for UE supporting maximum two concurrent transmissions
· Specify UE requirements to enable Tx switching between cases
· The scenarios include
· 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


· Specify the following RAN4 requirements for above scenarios
· Length of switching period
· Time mask RF requirements
· Uplink interruption and downlink interruption (RRM) requirements, if needed
· Minimize the impacts on RAN1
· Update RAN1 uplink switching for carrier aggregation and supplementary uplink 
· Minimize the impacts on RAN2
· Update the RRC signaling to indicate the switching period location and length
· Update the UE capabilities
· Specify UE requirements to enable Tx switching between cases, where 1 carrier on band A and 2 contiguous aggregated carriers on band B, and band A is for SUL or non-SUL and band B is a non-SUL band
· The scenarios include
· 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


· Specify the following RAN4 requirements for above scenarios
· Length of switching period
· Time mask RF requirements
· Uplink interruption and downlink interruption (RRM) requirements, if needed
· Minimize the impacts on RAN1
· Update RAN1 uplink switching for carrier aggregation and supplementary uplink
· Minimize the impacts on RAN2
· Update the RRC signaling to indicate the switching period location and length
· Update the UE capabilities
Note 1:  Only addressing the case of co-located and synchronized network deployment for the two UL carriers.
Note 2:  Only addressing the case of single TAG for the two UL carriers for SUL and for UL CA.
Note 3:  The UE is configured with two different uplink carrier frequencies.




In this contribution, we discuss the necessary RAN1 spec update to support the enhanced UL Tx switching as agreed by RAN4. 
2. [bookmark: _Ref37170879][bookmark: _Ref53408156]Discussion 
2.1 2Tx-2Tx switching between two uplink carriers for SUL and UL CA 
For Rel-16 1Tx-2Tx switching for SUL and UL-CA “switchedUL” (i.e. Rel-16 option 1), UE does not transmit on the non-SUL and SUL (for SUL case), or carrier 1 and carrier 2 (for UL CA case) simultaneously, the mapping between Tx chains and antenna ports are defined as the following
	
	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

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



For SUL case with 2Tx-2Tx switching, the same principle as in Rel-16 applies, i.e. UE does not transmit on the non-SUL and SUL carrier simultaneously. Similarly, as in Rel-16 mode “switchedUL” (i.e. Rel-16 option 1), Rel-17 should support the TDM “switchedUL” for 2Tx-2Tx switching. The mapping between Tx chains and antenna ports can be defined as the following for Rel-17
	
	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



Proposal 1: For Rel-17 2Tx-2Tx switching for SUL and UL CA switching mode “switchedUL” where simultaneous transmission on both carriers is not allowed, 
· the mapping between Tx chains and antenna ports can be defined as 
	
	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+1P, 0P+2P 

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


· the switching gap is required when the transmissions switches between the two carriers

For Rel-16 1Tx-2Tx switching in UL CA with “dualUL” mode (i.e. Rel-16 option 2), UE can support simultaneous UL transmission on both carriers, and the mapping between Tx chains and antenna ports are defined as the following.
	
	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



For Rel-17, the same “dualUL” mode can be supported where UE can support simultaneous UL transmission on both carriers, and the mapping between Tx chains and antenna ports are defined as the following.
	
	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+1P, 0P+2P

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



Proposal 2: For Rel-17 2Tx-2Tx switching for SUL and UL CA switching mode “dualUL” where simultaneous transmission on both carriers is allowed, 
· the mapping between Tx chains and antenna ports can be defined as 
	
	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+1P, 0P+2P

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


· the switching gap is required when
· The current state is 1T+1T and 2P is scheduled on either carrier 1 or carrier 2
· The current state is 0T+2T and 1P or 2P is scheduled on carrier 1
· The current state is 2T+0T and 1P or 2P is scheduled on carrier 2


2.2 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA
For Rel-17 1Tx-2Tx carrier switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA “switchedUL” mode, the mapping between Tx chains and antenna ports can be extended as 
	
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A + 2 contiguous carriers on band B)

	Case 1
	1T+1T
	1P+0P/0P

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



For Rel-17 2Tx-2Tx carrier switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA “switchedUL” mode, the mapping between Tx chains and antenna ports can be extended as 
	
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A + 2 contiguous carriers on band B)

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

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



Proposal 3: For Rel-17 switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA “switchedUL” mode, 
· For 1Tx-2Tx carrier switching, the mapping between Tx chains and antenna ports can be defined as 
	
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A + 2 contiguous carriers on band B)

	Case 1
	1T+1T
	1P+0P/0P

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


· For 2Tx-2Tx carrier switching, the mapping between Tx chains and antenna ports can be defined as 
	
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A + 2 contiguous carriers on band B)

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

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



· the switching gap is required when the transmissions switches between the band A and band B

For Rel-17 1Tx-2Tx carrier switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA “dualUL” mode, the mapping between Tx chains and antenna ports can be extended as
	
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A + 2 contiguous carriers on band B)

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

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



For Rel-17 2Tx-2Tx carrier switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA “dualUL” mode, the mapping between Tx chains and antenna ports can be extended as
	
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A + 2 contiguous carriers on band B)

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

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

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



Proposal 4: For Rel-17 switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for UL CA “dualUL” mode, 
· For 1Tx-2Tx carrier switching, the mapping between Tx chains and antenna ports can be defined as 
	
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A + 2 contiguous carriers on band B)

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

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


· For 2Tx-2Tx carrier switching, the mapping between Tx chains and antenna ports can be defined as 
	
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A + 2 contiguous carriers on band B)

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

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

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



· the switching gap is required when 
· The current state is 1T+1T and 2P is scheduled on either band A or at least one carrier of band B
· The current state is 0T+2T and 1P or 2P is scheduled on band A
· The current state is 2T+0T and 1P or 2P is scheduled on at least one carrier of band B

3. Conclusion
In this contribution, we discuss the necessary RAN1 spec update to support the enhanced UL Tx switching as agreed by RAN4. 
Proposal 1: For Rel-17 2Tx-2Tx switching for SUL and UL CA switching mode “switchedUL” where simultaneous transmission on both carriers is not allowed, 
· the mapping between Tx chains and antenna ports can be defined as 
	
	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+1P, 0P+2P 

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


· the switching gap is required when the transmissions switches between the two carriers

Proposal 2: For Rel-17 2Tx-2Tx switching for SUL and UL CA switching mode “dualUL” where simultaneous transmission on both carriers is allowed, 
· the mapping between Tx chains and antenna ports can be defined as 
	
	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+1P, 0P+2P

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


· the switching gap is required when
· The current state is 1T+1T and 2P is scheduled on either carrier 1 or carrier 2
· The current state is 0T+2T and 1P or 2P is scheduled on carrier 1
· The current state is 2T+0T and 1P or 2P is scheduled on carrier 2

Proposal 3: For Rel-17 switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA “switchedUL” mode, 
· For 1Tx-2Tx carrier switching, the mapping between Tx chains and antenna ports can be defined as 
	
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A + 2 contiguous carriers on band B)

	Case 1
	1T+1T
	1P+0P/0P

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


· For 2Tx-2Tx carrier switching, the mapping between Tx chains and antenna ports can be defined as 
	
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A + 2 contiguous carriers on band B)

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

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



· the switching gap is required when the transmissions switches between the band A and band B

Proposal 4: For Rel-17 switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for UL CA “dualUL” mode, 
· For 1Tx-2Tx carrier switching, the mapping between Tx chains and antenna ports can be defined as 
	
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A + 2 contiguous carriers on band B)

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

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


· For 2Tx-2Tx carrier switching, the mapping between Tx chains and antenna ports can be defined as 
	
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A + 2 contiguous carriers on band B)

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

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

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



· the switching gap is required when 
· The current state is 1T+1T and 2P is scheduled on either band A or at least one carrier of band B
· The current state is 0T+2T and 1P or 2P is scheduled on band A
· The current state is 2T+0T and 1P or 2P is scheduled on at least one carrier of band B
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