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During RAN#90-e meeting, the following objectives were approved and updated for NR_RF_FR1_enh WI [1]. Basically, there are three main objectives, (1) enabling UL MIMO configuration for SUL band configurations, (2) UL Tx switching enhancement and (3) HPUE for TDD intra-band contiguous and non-contiguous UL CA.
	· 1) Enable UL MIMO configuration for SUL band configurations
· Specify UL MIMO requirements for example SUL configurations with SUL band n80
· Take SUL_n41A-n80A for the example SUL band configuration
· Remove the RAN2 and RAN4 restriction on configuring UL MIMO for SUL band configurations
· 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.
· 3) HPUE for TDD intra-band contiguous and non-contiguous UL CA
· Take n41, n77 and n78 intra-band contiguous UL CA for examples
· The two example intra-band contiguous UL CA configurations are under considerations
· CA_n41C, CA_n78C, CA_n77C
· Take n77 intra-band non-contiguous UL CA for example
· One example intra-band non-contiguous UL CA configuration is under considerations: CA_n77(2A)
· Investigate and specify the 26dBm power class for n41and n78 intra-band contiguous, and n77 intra-band contiguous/non-contiguous UL CA
· Identify the impact of different UE architectures on the requirements
·  Power class relation between single CC and intra-band contiguous/non-contiguous CA on HPUE band is clarified if any
· Specify the mechanism to meet SAR requirements if necessary
· Mechanism for HPUE on single carrier can be a start point considering the same UL-DL configuration assumption
· A-MPR requirement
· Specify MPR requirements



Based on the above WID, Rel-17 UL Tx switching enhancement can be divided into two separate scenarios, i.e., 2-carrier scenario and 3-carrier scenario. In this contribution, we present our views on Rel-17 UL Tx switching enhancement for both scenarios.
2-carrier scenario
In Rel-16, there are two options specified for UL Tx switching of CA, i.e., Option1 and Opton2. For Option1, no simultaneous transmission is allowed in carrier1 and carrier2. For Option2, simultaneous transmission is allowed in carrier1 and carrier2. Some unnecessary switching delays are also eliminated for Option2 because “0P+1P” is put in both Case1 and Case2. 
In Rel-16, only Option1 is specified for UL Tx switching of SUL since no simultaneous transmission is allowed for SUL. 
Similarly in Rel-17, following the same rule in Rel-16, two options can be considered for UL Tx switching of CA and one option can be considered for UL Tx switching of SUL for 2-carrier scenario.
CA Option1 and SUL
In Case2 and Case3, all the two Tx chains are reserved for Carrier2 and Carrier3, respectively. In Case2, UE supports transmitting 1-port or 2-port UL transmissions on carrier2. In Case3, UE supports transmitting 1-port or 2-port UL transmissions on carrier1. Thus, the table for UL Tx switching for CA Option1 and SUL can be summarized in Table 1 as below. 
Table 1.
	
	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



Proposal 1: As the extension of Rel-16 CA Option1 and SUL, adopt the following table for Rel-17 UL Tx switching for CA and SUL for 2-carrier scenario (Case2 & Case3).
	
	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



CA Option2
In Case1, one Tx chain is reserved for Carrier1 and Carrier2, respectively. In this case, UE supports transmitting 1-port transmission on Carrier1, Carrier2, or on both Carrier1 and Carrier2.
In Case2, two Tx chains are reserved for Carrier2. In this case, UE supports transmitting 1-port or 2-port transmission on Carrier2.
In Case3, two Tx chains are reserved for Carrier1. In this case, UE supports transmitting 1-port or 2-port transmission on Carrier1.
Ideally, we can adopt the following Table 2 for UL Tx switching for CA. However, since 0P+1P is put in both Case1 and Case2, if UE switches from one 2P+0P (Case3) to 0P+1P, UE is not clear whether it should be switched to Case1 or Case2. Similarly, since 1P+0P is put in both Case1 and Case3, if UE switches from one 0P+2P (Case2) to 1P+0P, UE is not clear whether it should be switched to Case1 or Case3. 
Table 2.
	
	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
	0P+1P, 1P+0P, 1P+1P

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

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



To address this ambiguity issue, some measures can be introduced. For example, we can have the following restrictions. The following rule can keep the commonality between CA Option1 and CA Option2.
If UE is under Case3 and UE is to transmit 0P+1P, UE switches to Case2.
If UE is under Case2 and UE is to transmit 1P+0P, UE switches to Case3.
Other approaches to address this ambiguity issue for different band combinations (e.g., TDD+TDD, TDD+FDD) can also be considered.
Proposal 2: As the extension of Rel-16 CA Option2, adopt the following table for Rel-17 UL Tx switching for CA for 2-carrier scenario (Case1 & Case2 & Case3).  
	
	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
	0P+1P, 1P+0P, 1P+1P

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

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



3-carrier scenario
Case1 & Case2 for CA and SUL
In Rel-16, both Option1 and Option2 are defined for UL Tx switching for CA. Similarly, we can provide tables for both Option1 and Opion2 for the 3-carrier scenario.
· For 3-carrier scenario, table 3 and table 4 can be considered for UL Tx switching for Option1 and Option2 for CA, respectively. Table 3 is simpler while Table 4 is more flexible and can avoid unnecessary switches between case1 and case2.
· For Table 3, simultaneous transmission on Band A and Band B is not allowed. Thus, in Case 1, only 1-port transmission on carrier1 is allowed. In case 2, 1-port or 2-port on carrier1 or carrier2 is allowed.
· For Table 4, simultaneous transmission on Band A and Band B is allowed. In Case1, only 1-port is allowed on carrier1, carrier2 and carrier3. In Case2, 1-port or 2-port transmission can be supported on carrier2 and carrier3.

For SUL, it is obvious Table 3 can be reused for Rel-17 UL Tx switching of SUL. Apparently, carrier1 and carrier 2 are not allowed to transmit uplink simultaneously based on the current spec. However, it is not clear whether carrier1 and carrier3 are allowed to transmit uplink simultaneously. After further check, it seems that all the testing/performance requirements for SUL defined in RAN4 are based on the assumption that no simultaneous transmission is allowed in UL. Based on this, it seems more nature not to allow simultaneous transmission on carrier1 and carrier3. Clarification in the spec is needed when the support of intra-band CA plus SUL is introduced in the spec.
Table 3.
	
	Number of Tx chains in WID 
(Band A + Band B)
	Number of antenna ports for UL transmission 
(carrier 1 @Band A + (carrier 2 + carrier 3) @ Band B)

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

	Case 2
	0T+2T
	0P+(xP+yP), x,y=0, 1, 2



Table 4.
	
	Number of Tx chains in WID 
(Band A + Band B)
	Number of antenna ports for UL transmission 
(carrier 1 @Band A + (carrier 2 + carrier 3) @Band B)

	Case 1
	1T+1T
	xP+(yP + zP), x,y,z=0, 1

	Case 2
	0T+2T
	0P+(xP+yP), x,y=0, 1, 2



Proposal 3: As the extension of Rel-16 CA Option1 and SUL, adopt the following table for Rel-17 UL Tx switching for CA and SUL for 3-carrier scenario (Case1 & Case2).
	
	Number of Tx chains in WID 
(Band A + Band B)
	Number of antenna ports for UL transmission 
(carrier 1 @Band A + (carrier 2 + carrier 3) @ Band B)

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

	Case 2
	0T+2T
	0P+(xP+yP), x,y=0, 1, 2



Proposal 4: As the extension of Rel-16 CA Option2, adopt the following table for Rel-17 UL Tx switching for CA for 3-carrier scenario (Case1 & Case2).
	
	Number of Tx chains in WID 
(Band A + Band B)
	Number of antenna ports for UL transmission 
(carrier 1 @Band A + (carrier 2 + carrier 3) @Band B)

	Case 1
	1T+1T
	xP+(yP + zP), x,y,z=0, 1

	Case 2
	0T+2T
	0P+(xP+yP), x,y=0, 1, 2



Case2 & Case3 for CA and SUL
In Case2 and Case3, all the two Tx chains are reserved for Carrier2 and Carrier3, respectively. In Case2, UE supports transmitting 1-port or 2-port UL transmissions on carrier2 and/or carrier3. In Case3, UE supports transmitting 1-port or 2-port UL transmissions on carrier1. The table for UL Tx switching for CA and SUL can be summarized as table 5. 
Table 5.
	 
	Number of Tx chains in WID
(Band A + Band B)
	Number of antenna ports for UL transmission 
(carrier 1 @Band A + (carrier 2 + carrier 3) @Band B)

	Case 2
	0T+2T
	0P+(xP+yP), x,y=0, 1, 2

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



Proposal 5: As the extension of Rel-16 CA Option1 and SUL, adopt the following table for Rel-17 UL Tx switching for CA and SUL for 3-carrier scenario (Case2 & Case3). 
· Clarification in the spec is needed to disallow inter-band simultaneous transmission.
	 
	Number of Tx chains in WID
(Band A + Band B)
	Number of antenna ports for UL transmission 
(carrier 1 @Band A + (carrier 2 + carrier 3) @Band B)

	Case 2
	0T+2T
	0P+(xP+yP), x,y=0, 1, 2

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



Case1 & Case2 & Case3 for CA
In Case1, one Tx chain is reserved for Carrier1 and Carrier2, respectively. In this case, UE supports transmitting 1-port transmission on Carrier1, Carrier2/Carrier3, or on both Carrier1 and Carrier2/Carrier3.
In Case2, two Tx chains are reserved for Carrier2. In this case, UE supports transmitting 1-port or 2-port transmission on Carrier2/Carrier3.
In Case3, two Tx chains are reserved for Carrier1. In this case, UE supports transmitting 1-port or 2-port transmission on Carrier1.
Ideally, we can adopt the following table 6 for UL Tx switching for CA. However, since ‘0P+(xP+yP) x,y=0,1’ is put in both Case1 and Case2, if UE switches from one 2P+(0P+0P) (Case3) to ‘0P+(xP+yP) x,y=0,1’, UE is not clear whether it should be switched to Case1 or Case2. Similarly, since 1P+(0P+0P) is put in both Case1 and Case3, if UE switches from one 0P+(2P+2P) (Case2) to 1P+0P, UE is not clear whether it should be switched to Case1 or Case3. 
Table 6.
	
	Number of Tx chains in WID 
(Band A + Band B)
	Number of antenna ports for UL transmission 
(carrier 1 @Band A + (carrier 2 + carrier 3) @Band B)

	Case 1
	1T+1T
	xP+(yP + zP), x,y,z=0, 1

	Case 2
	0T+2T
	0P+(xP+yP), x,y=0,1,2

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



To address this ambiguity issue, some measures can be introduced. For example, we can have the following restrictions.
If UE is under Case3 and UE is to transmit ‘0P+(xP+yP) x,y=0,1’, UE switches to Case2.
If UE is under Case2 and UE is to transmit 1P+(0P+0P), UE switches to Case3.
Other approaches to address this ambiguity issue for different band combinations (e.g., TDD+TDD, TDD+FDD) can also be considered.

Proposal 6: As the extension of Rel-16 CA Option2, adopt the following table for Rel-17 UL Tx switching for CA for 3-carrier scenario (Case1 & Case2 & Case3).  
	
	Number of Tx chains in WID 
(Band A + Band B)
	Number of antenna ports for UL transmission 
(carrier 1 @Band A + (carrier 2 + carrier 3) @Band B)

	Case 1
	1T+1T
	xP+(yP + zP), x,y,z=0, 1

	Case 2
	0T+2T
	0P+(xP+yP), x,y=0,1,2

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





Conclusion
In this contribution, the following proposals are provided for UL Tx switching for CA and SUL.
2-carrier scenario
Proposal 1: As the extension of Rel-16 CA Option1 and SUL, adopt the following table for Rel-17 UL Tx switching for CA and SUL for 2-carrier scenario (Case2 & Case3).
	
	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



Proposal 2: As the extension of Rel-16 CA Option2, adopt the following table for Rel-17 UL Tx switching for CA for 2-carrier scenario (Case1 & Case2 & Case3).  
	
	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
	0P+1P, 1P+0P, 1P+1P

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

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




3-carrier scenario
Proposal 3: As the extension of Rel-16 CA Option1 and SUL, adopt the following table for Rel-17 UL Tx switching for CA and SUL for 3-carrier scenario (Case1 & Case2).
	
	Number of Tx chains in WID 
(Band A + Band B)
	Number of antenna ports for UL transmission 
(carrier 1 @Band A + (carrier 2 + carrier 3) @ Band B)

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

	Case 2
	0T+2T
	0P+(xP+yP), x,y=0, 1, 2



[bookmark: _GoBack]Proposal 4: As the extension of Rel-16 CA Option2, adopt the following table for Rel-17 UL Tx switching for CA for 3-carrier scenario (Case1 & Case2).
	
	Number of Tx chains in WID 
(Band A + Band B)
	Number of antenna ports for UL transmission 
(carrier 1 @Band A + (carrier 2 + carrier 3) @Band B)

	Case 1
	1T+1T
	xP+(yP + zP), x,y,z=0, 1

	Case 2
	0T+2T
	0P+(xP+yP), x,y=0, 1, 2



Proposal 5: As the extension of Rel-16 CA Option1 and SUL, adopt the following table for Rel-17 UL Tx switching for CA and SUL for 3-carrier scenario (Case2 & Case3).
· Clarification in the spec is needed to disallow inter-band simultaneous transmission.
	 
	Number of Tx chains in WID
(Band A + Band B)
	Number of antenna ports for UL transmission 
(carrier 1 @Band A + (carrier 2 + carrier 3) @Band B)

	Case 2
	0T+2T
	0P+(xP+yP), x,y=0, 1, 2

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



Proposal 6: As the extension of Rel-16 CA Option2, adopt the following table for Rel-17 UL Tx switching for CA for 3-carrier scenario (Case1 & Case2 & Case3).  
	
	Number of Tx chains in WID 
(Band A + Band B)
	Number of antenna ports for UL transmission 
(carrier 1 @Band A + (carrier 2 + carrier 3) @Band B)

	Case 1
	1T+1T
	xP+(yP + zP), x,y,z=0, 1

	Case 2
	0T+2T
	0P+(xP+yP), x,y=0,1,2

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