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1. [bookmark: _Ref521334010]Introduction
The WID on R17 RF requirements enhancement for NR frequency range 1 was approved in RAN#90e and the following objective on R17 enhancements for UL TX switching is included in the WID [1].
	· 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 provide our some considerations on R17 enhancements for UL TX switching.
2. Discussion
In Rel-16, there are two specified options for UL Tx switching for CA. For option1, UE does not expect be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously. For option2, UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously. UL Tx switching rule for SUL scenario is similar to that of option1 for CA scenario. 
In Rel-16, mapping between RF chain and antenna ports for SUL and CA scenarios are shown in Table 1 and Table 2.
Table 1: Mapping between RF chain and antenna ports for SUL and UL CA option 1 in Rel-16
	 
	Number of Tx chains 
(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 


Table 2: Mapping between RF chain and antenna ports for UL CA option 2 in Rel-16
	 
	Number of Tx chains 
(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 


2.1 UL Tx switching between two carriers
In Rel-17, it is straightforward to reuse the same mapping rule between RF chain and antenna ports for SUL scenario and CA scenarios in Rel-16.
For SUL scenario in Rel-17, UL Tx switching between case 2 and case 3 is supported according to the WID [1]. Mapping rule between Tx chains and antenna port is that there is no simultaneous transmission on the two carriers. UE does not expect to be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously. When the UL transmission switches from carrier 1 to carrier 2, or vice versa, a Tx switching is triggered.
In case 2 and case 3, UE can be scheduled or configured with 1-port or 2-port UL transmission on carrier 1 or carrier 2. Mapping between RF chain and antenna ports for SUL in Rel-17 is shown in Table 3.
Table 3: Mapping between RF TX chain and antenna ports for SUL in Rel-17
	 
	Number of Tx chains
 (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 SUL scenario with two carriers in Rel-17, mapping between RF Tx chain and antenna ports in the following table is adopted for SUL.
Mapping between RF Tx chain and antenna ports for SUL in Rel-17
	 
	Number of Tx chains
 (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 



For inter-band CA scenario in Rel-17, three cases including case 1, case2 and case3 are supported according to the WID [1]. Two options in Rel-16 can be reused to map Tx chains and antenna ports in Rel-17. Option 1 is similar to the mapping rule for SUL scenario in Rel-17. If uplink Tx switching is configured, there is no concurrent transmission expected on the two carriers. Option 2 is that simultaneous UL transmission on both carrier 1 and carrier 2 for case 1 can be scheduled or configured.
For UL CA option 1 in Rel-17, if the current state of Tx chains is case 2 and the next UL transmission has a 1-port transmission on carrier 1, there are two solutions for Tx switching. Solution1 is that UE can execute Tx switching from case 2 to case 1. Solution2 is that UE can execute Tx switching from case 2 to case 3. If solution 1 is adopted, UE needs still another switching period to execute Tx switching from case1 to case 3 when the subsequent UL transmission has a 2-port transmission on carrier 1. If solution 2 is selected, UE does not need to execute Tx switching and UL transmission is not interrupted when the subsequent UL transmission has a 2-port transmission on carrier 1. Therefore, for UL CA option 1 in Rel-17, Tx switching between case 2 and case 3 is sufficient.
Proposal 2: For inter-band CA scenario with two carriers in Rel-17, two options defined in Rel-16 are reused to map Tx chains and antenna port in Rel-17. 
Proposal 3: For UL CA option 1 in Rel-17, only Tx switching between case 2 and case 3 is supported.
In case 2 and case 3, UE can be scheduled or configured with 1-port or 2-ports UL transmission on carrier 1 or carrier 2. Mapping between RF chain and antenna ports for UL CA option 1 in Rel-17 is shown in Table 4.
Table 4: Mapping between RF TX chain and antenna ports for UL CA option 1 in Rel-17
	 
	Number of Tx chains
 (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 



For UL CA option 2 in Rel-17, in case 1, UE can support UL transmission on both carrier 1 and carrier 2 simultaneously. UE can be scheduled and configured with 1-port UL transmission on carrier 1/carrier 2 or 1-port UL transmission on both carriers. In case 2 and case 3, UE can be scheduled or configured with 1-port or 2-port UL transmission on carrier 1 or carrier 2. UE behaviors on UL Tx switching can be determined based on the current Tx chain state and transmission port for the next UL transmission which is similar to that in Rel-16 as follows:
· If the current state of Tx chains is case 1 and the next UL transmission has a 2-port transmission on carrier 1, UE will operate in case 3 (2P+0P) for the next UL transmission and the switching period is applied. If the current state of Tx chains is case 1 and the next UL transmission has a 2-port transmission on carrier 2, UE will operate in case 2 (0P+2P) for the next UL transmission and the switching period is applied.
· If the current state of Tx chains is case 2 and the next UL transmission has a 1-port/2-port transmission on carrier 1, UE will operate in case 3 for the next UL transmission and the switching period is applied. If the current state of Tx chains is case2 and the next UL transmission has a 1-port transmission per carrier, UE will operate in case 1(1P+1P) for the next UL transmission and the switching period is applied.
· If the current state of Tx chains is case 3 and the next UL transmission has a 1-port/2-port transmission on carrier 2. UE will operate in case 2 for the next UL transmission and the switching period is applied. If the current state of Tx chains is case3 and the next UL transmission has a 1-port transmission per carrier, UE will operate in case 1(1P+1P) for the next UL transmission and the switching period is applied. 
· Otherwise, UE keeps its current state of Tx chains.
Mapping between RF chain and antenna ports for UL CA option 2 in Rel-17 is summarized in Table.
Table 5: Mapping between RF TX chain and antenna ports for UL CA option 2 in Rel-17
	 
	Number of Tx chains
 (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 



Proposal 4: For inter-band CA scenario with two carriers in Rel-17, mapping between RF TX chain and antenna ports in the following tables are adopted.
Mapping between RF TX chain and antenna ports for UL CA option 1 in Rel-17
	 
	Number of Tx chains
 (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 


Mapping between RF TX chain and antenna ports for UL CA option 2 in Rel-17
	 
	Number of Tx chains
 (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 


Proposal 5: For UL CA option 2 with two carriers in Rel-17, switching period is only applicable in the following cases:
· If the current state of Tx chains is case 1 and the next UL transmission has a 2-port transmission on carrier 1, UE will operate in case 3 (2P+0P) for the next UL transmission and the switching period is applied. If the current state of Tx chains is case 1 and the next UL transmission has a 2-port transmission on carrier 2, UE will operate in case 2 (0P+2P) for the next UL transmission and the switching period is applied.
· If the current state of Tx chains is case 2 and the next UL transmission has a 1-port/2-port transmission on carrier 1, UE will operate in case 3 for the next UL transmission and the switching period is applied. If the current state of Tx chains is case2 and the next UL transmission has a 1-port transmission per carrier, UE will operate in case 1(1P+1P) for the next UL transmission and the switching period is applied.
· If the current state of Tx chains is case 3 and the next UL transmission has a 1-port/2-port transmission on carrier 2. UE will operate in case 2 for the next UL transmission and the switching period is applied. If the current state of Tx chains is case3 and the next UL transmission has a 1-port transmission per carrier, UE will operate in case 1(1P+1P) for the next UL transmission and the switching period is applied. 
2.2 UL Tx switching between two bands
The UL Tx switching between two bands is similar to the UL Tx switching between two carriers. We can define mapping rule between RF Tx chain and antenna ports for two bands according to mapping rule for two carriers.
2.2.1 SUL scenarios 
For SUL scenario in Rel-17, mapping rule between Tx chains and antenna port is that there is no simultaneous transmission on the two bands. UE does not expect to be scheduled or configured with UL transmission on both two bands simultaneously, but UE can be scheduled or configured with UL transmission on both two carriers in Band B simultaneously.
For case1 and case 2, UE does not expect to be scheduled or configured with UL transmission on both Band A and Band B simultaneously. UE can be scheduled or configured with UL transmission on carrier 2 and carrier 3 in Band B simultaneously. The same mapping rule can be implemented for UL Tx switching between case 2 and case 3. Mapping between RF chain and antenna ports for SUL in Rel-17 is shown in Table 6 and Table 7. 
Table 6: Mapping between RF chain and antenna ports for SUL case 1 and case 2 in Rel-17
	 
	Number of Tx chains 
(Band A + Band B)
	Number of antenna ports for UL transmission
 (carrier 1 in Band A +( carrier 2+ carrier 3) in Band B )

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

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



Table 7: Mapping between RF chain and antenna ports for SUL case 2 and case 3 in Rel-17
	 
	Number of Tx chains 
(Band A + Band B)
	Number of antenna ports for UL transmission
 (carrier 1 in Band A +( carrier 2+ carrier 3) in Band B )

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

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


Proposal 6: For SUL scenario with two bands in Rel-17, mapping between RF Tx chain and antenna ports in the following tables are adopted.
Mapping between RF chain and antenna ports for SUL case 1 and case 2 in Rel-17
	 
	Number of Tx chains 
(Band A + Band B)
	Number of antenna ports for UL transmission
 (carrier 1 in Band A +( carrier 2+ carrier 3) in Band B )

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

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


[bookmark: _GoBack]Mapping between RF chain and antenna ports for SUL case 2 and case 3 in Rel-17
	 
	Number of Tx chains 
(Band A + Band B)
	Number of antenna ports for UL transmission
 (carrier 1 in Band A +( carrier 2+ carrier 3) in Band B )

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

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



2.2.2 CA scenarios
For inter-band CA scenario on two bands in Rel-17, three cases including case 1, case2 and case3 can be supported according to the WID [1]. Mapping rule on the UL Tx switching between two bands is similar with that on the UL Tx switching between two carriers. Two options can be supported to map Tx chains and antenna ports in Rel-17. Option 1 is that there is no concurrent transmission on the two bands if uplink Tx switching is configured. Option 2 is that UL transmission on both two bands can be simultaneously scheduled or configured.
For UL CA option 1, if the current state of Tx chains is case 2 and the next UL transmission has a 1-port transmission on Band A, there are two solutions for Tx switching. Solution1 is that UE can execute Tx switching from case 2 to case 1. Solution2 is that UE can execute Tx switching from case 2 to case 3. If solution 1 is adopted, UE still needs another switching period to execute Tx switching from case 1 to case 3 when the subsequent UL transmission has a 2-port transmission on Band A. If solution 2 is adopted, UE needn’t execute Tx switching and UL transmission is not interrupted when the subsequent UL transmission has a 2-port transmission on Band A. Therefore, for UL CA option 1 with two bands in Rel-17 switching between case 2 and case 3 is sufficient.
Proposal 7: For inter-band CA scenario on two bands in Rel-17, two options are supported to map Tx chains and antenna port in Rel-17. 
Proposal 8: For UL CA option 1 with two bands in Rel-17, only UL Tx switching between case 2 and case 3 is supported.
Mapping between RF chain and antenna ports for UL CA option 1 on two bands in Rel-17 is shown in Table 8.
Table 8: Mapping between RF chain and antenna ports for UL CA option 1 in Rel-17
	 
	Number of Tx chains 
(Band A + Band B)
	Number of antenna ports for UL transmission
 (carrier 1 in Band A +( carrier 2+ carrier 3) in Band B )

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

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



For UL CA option 2 with two bands in Rel-17, UE can be scheduled or configured with UL transmission on two bands simultaneously. In case 1, UE can be scheduled or configured with UL transmission with 1 port on any two carriers or three carriers simultaneously. In case 2, UE can be scheduled or configured with UL transmission on carrier2 and/or carrier3 in Band B. In case 3, UE can be scheduled or configured with UL transmission with 1 port or 2 ports on Band A. UE behaviors on UL Tx switching can be determined based on the current Tx chain state and transmission port for the next UL transmission as follows:
· If the current state of Tx chains is case 1 and the next UL transmission has a 2-port transmission on Band A, UE will operate in case 3 (2P+0P+0P) for the next UL transmission and the switching period is applied. If the current state of Tx chains is case 1 and the next UL transmission has a 2-port transmission on at least one carrier of Band B. UE will operate in case 2 for the next UL transmission and the switching period is applied.
· If the current state of Tx chains is case 2 and the next UL transmission has a 1-port/2-port transmission on Band A, UE will operate in case 3 for the next UL transmission and the switching period is applied. If the current state of Tx chains is case 2 and the next UL transmission has a 1-port transmission on both bands. UE will operate in case 1 for the next UL transmission and the switching period is applied. 
· If the current state of Tx chains is case 3 and the next UL transmission has a 1-port/2-port transmission on Band B, UE will operate in case 2 for the next UL transmission and the switching period is applied. If the current state of Tx chains is case 3 and the next UL transmission has a 1-port transmission on both bands, UE will operate in case 1 for the next UL transmission and the switching period is applied.
· Otherwise, UE keeps its current state of Tx chains.
In case 1, UE can be scheduled or configured with 1-port UL transmission on any 2 carriers or 3 carriers simultaneously. In case 2, UE can be scheduled or configured with 1-port or 2-port UL transmission on carrier 2 and carrier 3 in Band B simultaneously. In case 3, UE can only be scheduled or configured with 1-port or 2-port UL transmission on carrier 1 in Band A. Mapping between RF chain and antenna ports for UL CA option 2 in Rel-17 is summarized in Table 9.
Table 9: Mapping between RF chain and antenna ports for UL CA option 2 in Rel-17
	 
	Number of Tx chains 
(Band A + Band B)
	Number of antenna ports for UL transmission
 (carrier 1 in Band A +(carrier 2+ carrier 3) in Band B )

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

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

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



Proposal 9: For inter-band CA scenario with two bands in Rel-17, mapping between RF Tx chain and antenna ports in the following tables are adopted.
Mapping between RF chain and antenna ports for UL CA option 1 in Rel-17
	 
	Number of Tx chains 
(Band A + Band B)
	Number of antenna ports for UL transmission
 (carrier 1 in Band A +(carrier 2+ carrier 3) in Band B )

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

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


Mapping between RF chain and antenna ports for UL CA option 2 in Rel-17
	 
	Number of Tx chains 
(Band A + Band B)
	Number of antenna ports for UL transmission
 (carrier 1 in Band A +(carrier 2+ carrier 3) in Band B )

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

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

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


Proposal 10: For UL CA option 2 with two bands in Rel-17, the switching period is only applicable in the following cases:
· If the current state of Tx chains is case 1 and the next UL transmission has a 2-port transmission on Band A, UE will operate in case 3 (2P+0P+0P) for the next UL transmission and the switching period is applied. If the current state of Tx chains is case 1 and the next UL transmission has a 2-port transmission on at least one carrier of Band B. UE will operate in case 2 for the next UL transmission and the switching period is applied.
· If the current state of Tx chains is case 2 and the next UL transmission has a 1-port/2-port transmission on Band A, UE will operate in case 3 for the next UL transmission and the switching period is applied. If the current state of Tx chains is case 2 and the next UL transmission has a 1-port transmission on both bands. UE will operate in case 1 for the next UL transmission and the switching period is applied. 
· If the current state of Tx chains is case 3 and the next UL transmission has a 1-port/2-port transmission on Band B, UE will operate in case 2 for the next UL transmission and the switching period is applied. If the current state of Tx chains is case 3 and the next UL transmission has a 1-port transmission on both bands, UE will operate in case 1 for the next UL transmission and the switching period is applied.
3. Conclusion
Based on the discussion above, the following proposals are given:
Proposal 1: For SUL scenario with two carriers in Rel-17, mapping between RF Tx chain and antenna ports in the following table is adopted for SUL.
Mapping between RF Tx chain and antenna ports for SUL in Rel-17
	 
	Number of Tx chains
 (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 2: For inter-band CA scenario with two carriers in Rel-17, two options defined in Rel-16 are reused to map Tx chains and antenna port in Rel-17. 
Proposal 3: For UL CA option 1 in Rel-17, only Tx switching between case 2 and case 3 is supported.
Proposal 4: For inter-band CA scenario with two carriers in Rel-17, mapping between RF TX chain and antenna ports in the following tables are adopted.
Mapping between RF TX chain and antenna ports for UL CA option 1 in Rel-17
	 
	Number of Tx chains
 (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 


Mapping between RF TX chain and antenna ports for UL CA option 2 in Rel-17
	 
	Number of Tx chains
 (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 


Proposal 5: For UL CA option 2 with two carriers in Rel-17, switching period is only applicable in the following cases:
· If the current state of Tx chains is case 1 and the next UL transmission has a 2-port transmission on carrier 1, UE will operate in case 3 (2P+0P) for the next UL transmission and the switching period is applied. If the current state of Tx chains is case 1 and the next UL transmission has a 2-port transmission on carrier 2, UE will operate in case 2 (0P+2P) for the next UL transmission and the switching period is applied.
· If the current state of Tx chains is case 2 and the next UL transmission has a 1-port/2-port transmission on carrier 1, UE will operate in case 3 for the next UL transmission and the switching period is applied. If the current state of Tx chains is case2 and the next UL transmission has a 1-port transmission per carrier, UE will operate in case 1(1P+1P) for the next UL transmission and the switching period is applied.
· If the current state of Tx chains is case 3 and the next UL transmission has a 1-port/2-port transmission on carrier 2. UE will operate in case 2 for the next UL transmission and the switching period is applied. If the current state of Tx chains is case3 and the next UL transmission has a 1-port transmission per carrier, UE will operate in case 1(1P+1P) for the next UL transmission and the switching period is applied.
Proposal 6: For SUL scenario with two bands in Rel-17, mapping between RF Tx chain and antenna ports in the following tables are adopted.
Mapping between RF chain and antenna ports for SUL case 1 and case 2 in Rel-17
	 
	Number of Tx chains 
(Band A + Band B)
	Number of antenna ports for UL transmission
 (carrier 1 in Band A +( carrier 2+ carrier 3) in Band B )

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

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


Mapping between RF chain and antenna ports for SUL case 2 and case 3 in Rel-17
	 
	Number of Tx chains 
(Band A + Band B)
	Number of antenna ports for UL transmission
 (carrier 1 in Band A +( carrier 2+ carrier 3) in Band B )

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

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


Proposal 7: For inter-band CA scenario on two bands in Rel-17, two options are supported to map Tx chains and antenna port in Rel-17. 
Proposal 8: For UL CA option 1 with two bands in Rel-17, only UL Tx switching between case 2 and case 3 is supported.
Proposal 9: For inter-band CA scenario with two bands in Rel-17, mapping between RF Tx chain and antenna ports in the following tables are adopted.
Mapping between RF chain and antenna ports for UL CA option 1 in Rel-17
	 
	Number of Tx chains 
(Band A + Band B)
	Number of antenna ports for UL transmission
 (carrier 1 in Band A +(carrier 2+ carrier 3) in Band B )

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

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


Mapping between RF chain and antenna ports for UL CA option 2 in Rel-17
	 
	Number of Tx chains 
(Band A + Band B)
	Number of antenna ports for UL transmission
 (carrier 1 in Band A +(carrier 2+ carrier 3) in Band B )

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

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

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


Proposal 10: For UL CA option 2 with two bands in Rel-17, the switching period is only applicable in the following cases:
· If the current state of Tx chains is case 1 and the next UL transmission has a 2-port transmission on Band A, UE will operate in case 3 (2P+0P+0P) for the next UL transmission and the switching period is applied. If the current state of Tx chains is case 1 and the next UL transmission has a 2-port transmission on at least one carrier of Band B. UE will operate in case 2 for the next UL transmission and the switching period is applied.
· If the current state of Tx chains is case 2 and the next UL transmission has a 1-port/2-port transmission on Band A, UE will operate in case 3 for the next UL transmission and the switching period is applied. If the current state of Tx chains is case 2 and the next UL transmission has a 1-port transmission on both bands. UE will operate in case 1 for the next UL transmission and the switching period is applied. 
· If the current state of Tx chains is case 3 and the next UL transmission has a 1-port/2-port transmission on Band B, UE will operate in case 2 for the next UL transmission and the switching period is applied. If the current state of Tx chains is case 3 and the next UL transmission has a 1-port transmission on both bands, UE will operate in case 1 for the next UL transmission and the switching period is applied.
4. Reference
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