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1. Introduction

The core RRM requirements for Tx switching between two uplink carriers were completed in RAN4#95e meeting.This contribution provides the considerations on the test case list. 
2. Discussion
After a long time of discussion, the following aspects are settled down.
It is agreed in RAN4 [1] that there is no DL interruption in the following cases:
· SUL+TDD

· TDD+TDD CA with the same UL-DL pattern

· TDD+TDD EN-DC with the same UL-DL pattern

The corresponding core requirements are descripted in TS38.133 as below,

“No DL interruption is allowed in the NR downlink carrier(s) which is not indicated by uplinkTxSwitching-DL-Interruption.”
Since there are many other procedures which don’t cause interruption and no corresponding test cases are defined in RRM, we suggest no test case is defined for the above cases.
RAN2 introduced UE capability ULTxSwitchingBandpair of DL interruption for duplex mode combinations except the above combinations agreed in RAN4#94e not requiring DL interruption. The interruption requirements for inter-band EN-DC and FDD-TDD uplink CA are specified in TS 38.133 and TS36.133. 
· Inter-band EN-DC case

In the inter-band ENDC case, E-UTRA UL carrier is capable of one transmit antenna connector and NR UL carrier is capable of two transmit antenna connectors, and the two uplink carriers are in different bands with different carrier frequencies. Dynamic Tx switches between case 1 and case 2.
Case 1: 1Tx on LTE carrier 1 and 1Tx on NR carrier 2

Case 2: 0Tx on LTE carrier 1 and 2Tx on NR carrier 2

Two requirements are specified in specifications:
-DL interruptions in NR downlink carrier(s) which is indicated by uplinkTxSwitching-DL-Interruption [TS38.133]
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	NR Slot length (ms)
	Uplink Tx switching period Note1

	
	
	35us
	140us

	0
	1
	2
	3

	1
	0.5
	3
	6

	2
	0.25
	4
	10

	Note 1: Uplink Tx switching period depends on UE capability uplinkTxSwitchingPeriod.


-DL interruptions in E-UTRA downlink carrier(s) as indicated by uplinkTxSwitching-DL-Interruption [TS36.133]
	Uplink Tx switching period Note1

	35us
	140us

	2
	3

	Note 1: Uplink Tx switching period depends on UE capability uplinkTxSwitchingPeriod.


The above two requirements can be verified in one test case when UE switches between LTE 1Tx carrier and NR 2Tx carrier. Some main parameter configurations are listed as below:
-Test configurations
	Config
	Description

	1
	LTE FDD, NR 15 kHz SSB SCS, 10 MHz bandwidth, TDD duplex mode

	2
	LTE FDD, NR 30kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode

	Note 1:
The UE is only required to be tested in one of the supported test configurations.




-UE antenna configuration
	PCell (LTE carrier 1)
	1x2

	PSCell (NR carrier 2)
	2x2


· FDD-TDD uplink CA

In FDD-TDD uplink CA cases, NR uplink carrier 1 is capable of one transmit antenna connector and NR uplink carrier 2 is capable of two transmit antenna connectors, and the two uplink carriers are in different bands with different carrier frequencies. Dynamic Tx switches between case1 and case 2.
	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 


The corresponding requirements are specified as below,
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	NR Slot length (ms)
	Uplink Tx switching period Note1

	
	
	35us
	140us
	210us

	0
	1
	2
	3
	4

	1
	0.5
	3
	6
	7

	2
	0.25
	4
	10
	14

	Note 1: Uplink Tx switching period depends on UE capability uplinkTxSwitchingPeriod


One test case for Tx switching between NR uplink carrier 1 and NR uplink carrier 2 shall be defined. Some main parameter configurations are listed as below:

-Test configurations

	Config
	Description

	1
	NR carrier 1 15 kHz SSB SCS, 10 MHz bandwidth, FDD duplex mode;

NR carrier 2 15 kHz SSB SCS, 10 MHz bandwidth, TDD duplex mode;

	2
	NR carrier 1 30 kHz SSB SCS, 40 MHz bandwidth, FDD duplex mode;

NR carrier 2 30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode;

	Note:
The UE is only required to be tested in one of the supported test configurations


-UE antenna configuration

	PCell (NR carrier 1)
	1x2

	PSCell (NR carrier 2)
	2x2


In summary, two test cases for interruption due to UE dynamic switching between two uplink carriers.
Proposal: Two test cases shall be define to verify the interruption due to UE dynamic switching between two uplink carriers:
1. DL Interruptions at UE switching between LTE 1Tx carrier and NR 2Tx carrier in inter-band ENDC case
Herein the interruptions on victim LTE serving cells and victim NR serving cells are both verified.
-Test configurations

	Config
	Description

	1
	LTE FDD, NR 15 kHz SSB SCS, 10 MHz bandwidth, TDD duplex mode

	2
	LTE FDD, NR 30kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode

	Note :
The UE is only required to be tested in one of the supported test configurations.




-UE antenna configuration

	PCell (LTE carrier 1)
	1x2

	PSCell (NR carrier 2)
	2x2


2. DL Interruptions at UE switching between NR uplink carrier 1 and NR uplink carrier 2 in inter-band uplink CA case

-Test configurations

	Config
	Description

	1
	NR carrier 1 15 kHz SSB SCS, 10 MHz bandwidth, FDD duplex mode;

NR carrier 2 15 kHz SSB SCS, 10 MHz bandwidth, TDD duplex mode;

	2
	NR carrier 1 30 kHz SSB SCS, 40 MHz bandwidth, FDD duplex mode;

NR carrier 2 30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode;

	Note:
The UE is only required to be tested in one of the supported test configurations


-UE antenna configuration

	PCell (NR carrier 1)
	1x2

	PSCell (NR carrier 2)
	2x2


3. Conclusion
This contribution provided considerations on the test cases of DL interruptions due to UE switching between 1Tx carrier and 2Tx carrier. 

Proposal: Two test cases shall be defined to verify the interruption due to UE dynamic switching between two uplink carriers:

1. DL Interruptions at UE switching between LTE 1Tx carrier and NR 2Tx carrier in inter-band ENDC case

Herein the interruptions on victim LTE serving cells and victim NR serving cells are both verified.
-Test configurations

	Config
	Description

	1
	LTE FDD, NR 15 kHz SSB SCS, 10 MHz bandwidth, TDD duplex mode

	2
	LTE FDD, NR 30kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode

	Note :The UE is only required to be tested in one of the supported test configurations.




-UE antenna configuration

	PCell (LTE carrier 1)
	1x2

	PSCell (NR carrier 2)
	2x2


2.DL Interruptions at UE switching between NR uplink carrier 1 and NR uplink carrier 2 in inter-band uplink CA case

-Test configurations

	Config
	Description

	1
	NR carrier 1 15 kHz SSB SCS, 10 MHz bandwidth, FDD duplex mode;

NR carrier 2 15 kHz SSB SCS, 10 MHz bandwidth, TDD duplex mode;

	2
	NR carrier 1 30 kHz SSB SCS, 40 MHz bandwidth, FDD duplex mode;

NR carrier 2 30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode;

	Note:
The UE is only required to be tested in one of the supported test configurations


-UE antenna configuration

	PCell (NR carrier 1)
	1x2

	PSCell (NR carrier 2)
	2x2
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