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1. Introduction
[bookmark: OLE_LINK4]Until RAN4#102, it has been concluded that the core part of NCSG can be mainly completed with a set of CR and WF[1] approved. So the discussion of performance part would kick off from RAN4#103. In this document, the NCSG impacts on performance part are discussed. 
2. Discussion
NCSG was introduced as a new type of measurement gap, so we need to discuss how to verify the UE performance under the new core requirements. In our opinion, the existing measurement accuracy requirements shall be reused for NCSG. For the test cases, we believe the interruption requirements of NCSG should be tested. We propose a test methodology to verify the interruption requirements of NCSG, and the corresponding FDD/TDD test configurations.
[bookmark: OLE_LINK1]2.1 NCSG test methodology
The following applicable use cases for NCSG has been agreed during core part discussion:
· RRM measurement on deactivated SCell
· SSB based intra-frequency measurement with gap
· SSB based inter-frequency measurement with gap
· Inter-RAT E-UTRAN measurement
· RRM measurement on dormant SCell
So the purpose of NCSG test is to verify that:
· [bookmark: OLE_LINK2]An UE capable of NCSG and configured with NCSG by the NW is able to perform the deactivated SCell measurement without causing any autonomous interruption on PCell or any  active SCell outside the VIL1 and VIL2 of NCSG, while meeting the measurement requirement for the deactivated SCell.
· An UE capable of NCSG and configured with NCSG by the NW is able to perform the dormant SCell measurement without causing any autonomous interruption on PCell or any active SCell outside the VIL1 and VIL2 of NCSG, while meeting the measurement requirement for the dormant cell.
· [bookmark: OLE_LINK3]An UE capable of NCSG and configured with NCSG by the NW is able to perform the intra-frequency/inter-frequency/inter-RAT E-UTRAN measurement without causing any autonomous interruption on PCell or any other active SCell outside the VIL1 and VIL2 of NCSG, while meeting the intra-frequency/inter-frequency/inter-RAT E-UTRAN measurement requirement.
Interruption requirement for NCSG can be verified by counting the number of missing ACK/NACK when NCSG is configured. So the downlink transmission should be continuously scheduled by NW except for the slots where UE cannot receive the grant due to colliding with the VIL1 or VIL2, or cannot send the ACK/NAK corresponding to the grant due to colliding with the VIL1 or VIL2. 
[bookmark: OLE_LINK9]The test should check whether the measurement requirement for deactivated SCell, intra-frequency/inter-frequency/inter-RAT E-UTRAN measurement or dormant SCell is satistified without any missing ACK/NAK. So the test which can be considered successful requirements on both event detection and percentage of transmitted ACK/NACKs have to be fulfilled simultaneously. For the event detection, event A6 is fine which aligned with LTE NCSG performance test. For the exact percentage of missed ACK/NACK, re-using 1-99.5% specified for interruption test in 38.133.
Proposal 1: The purpose of NCSG test is to verify that:
An UE capable of NCSG and configured with NCSG by the NW is able to perform the deactivated SCell measurement without causing any autonomous interruption on PCell or any  active SCell outside the VIL1 and VIL2 of NCSG, while meeting the measurement requirement for the deactivated SCell.
An UE capable of NCSG and configured with NCSG by the NW is able to perform the dormant SCell measurement without causing any autonomous interruption on PCell or any active SCell outside the VIL1 and VIL2 of NCSG, while meeting the measurement requirement for the dormant cell.
An UE capable of NCSG and configured with NCSG by the NW is able to perform the intra-frequency/inter-frequency/inter-RAT E-UTRAN measurement without causing any autonomous interruption on PCell or any other active SCell outside the VIL1 and VIL2 of NCSG, while meeting the intra-frequency/inter-frequency/inter-RAT E-UTRAN measurement requirement.

2.2 NCSG test configuration
To verify the above test purpose, the following test cases are needed:
· Event triggered reporting with per-UE NCSG on deactivated SCell with PCell interruption on non-DRX in FR1 
· Event triggered reporting with per-UE NCSG on deactivated SCell with PCell interruption on DRX in FR1 
· [bookmark: OLE_LINK10]Event triggered reporting with per-FR NCSG on deactivated SCell with PCell interruption on non-DRX in FR1 
· Event triggered reporting with per-FR NCSG on deactivated SCell with PCell interruption on DRX in FR1 
· Event triggered reporting with per-UE NCSG on deactivated SCell with PCell interruption on non-DRX in FR2 
· Event triggered reporting with per-UE NCSG on deactivated SCell with PCell interruption on DRX in FR2 
· Event triggered reporting with per-FR NCSG on deactivated SCell with PCell interruption on non-DRX in FR2 
· Event triggered reporting with per-FR NCSG on deactivated SCell with PCell interruption on DRX in FR2 
Here we only provide the cases of non-DRX, for the cases of DRX, only need to add the DRX configuration, so we omit these cases since they are similar as non-DRX cases. And for the cases of with SSB index detection, since which is similar as the corresponding operation in legacy MG, only additional SSB index detection delay should be considered, so we omit these cases since which has been verified in legacy MG.
Between all the above necessary cases, we provide some of them in this document.
2.2.1 Event triggered reporting with per-UE NCSG on deactivated SCell with PCell interruption on non-DRX in FR1 
2.2.1.1 Test Purpose and Environment
[bookmark: OLE_LINK5]The purpose of this test is to verify that the UE correctly detects event A6 (Neighbour becomes better than SCell) defined in TS 38.331 within the requirements while at the same time fulfilling the requirement on ACK/NACK rate.
The test parameters are given in Table 1, 2 and 3 below. In the test there are three synchronous cells: Cell1, Cell2 and Cell3. Cell1 is PCell, Cell2 is deactivated SCell, and Cell3 is a neighbour cell. It is indicated to the UE in the measurement control information that event-triggered reporting with Event A6 is used. The test consists of two successive time periods, with duration of T1 and T2, respectively. During T1 the UE shall not have any information of cell 3. Immediately at beginning of T2 the transmission power of cell 3 is increased to same level as for cell 2, and due to usage of an offset this shall result in reporting of Event A6. PDCCH indicating a new transmission on the PCell shall be sent continuously to ensure that the UE sends ACK/NACKs throughout the test. 
Table.1 Supported test configuration
	Config
	Description

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

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

	3
	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
Note 2:	target NR cell has the same SCS, BW and duplex mode as NR serving cell



Table.2 General test parameters for Event triggered reporting on configured but deactivated SCell with PCell interruption in non-DRX in FR1
	Parameter
	Unit
	Test configuration
	Value
	Comment

	Active PCell
	
	1,2,3
	Cell 1
	

	Configured deactivated SCell
	
	1,2,3
	Cell 2
	

	Neighbour cell
	
	1,2,3
	Cell 3
	

	CP length
	
	1,2,3
	Normal
	

	DRX
	
	1,2,3
	OFF
	Continuous monitoring of PCell

	NCSG type
	
	1,2,3
	Per-UE NCSG
	

	NCSG repetition periodicity
	ms
	1,2,3
	40
	

	NCSG length
	ms
	1,2,3
	6
	

	NCSG offset
	ms
	1,2,3
	0
	

	SMTC configuration
	
	1
	SMTC.2
	

	
	
	2,3
	SMTC.1
	

	A6
	Hysteresis
	dB
	1,2,3
	0
	Hysteresis for evaluation of event A6.

	
	Offset
	dB
	1,2,3
	-3
	Offset parameter for evaluation of event A6. Needs to take relative accuracy tolerance in clause 9.1.11.2 into account plus margin.

	
	Time To Trigger
	s
	1,2,3
	0
	

	Filter coefficient
	
	1,2,3
	0
	L3 filtering is not used

	Cell2 timing offset to cell1
	s
	1,2,3
	3
	

	Cell3 timing offset to cell1
	s
	1,2,3
	3
	Synchronous cells

	T1
	s
	1,2,3
	5
	During this time the UE shall be aware of cells 1 and 2 but not cell 3.

	T2
	s
	1,2,3
	5
	5



Table.3 NR cell specific test parameters for Event triggered reporting on configured but deactivated SCell with PCell interruption in non-DRX in FR1
	Parameter
	Unit
	Test configuration
	Cell 1
	Cell 2
	Cell 3

	
	
	
	T1
	T2
	T1
	T2
	T1
	T2

	TDD configuration
	
	1
	TN/A
	TN/A
	TN/A

	
	
	2
	TDDConf.1.1
	TDDConf.1.1
	TDDConf.1.1

	
	
	3
	TDDConf.2.1
	TDDConf.2.1
	TDDConf.2.1

	PDSCH RMC configuration
	
	1
	SR.1.1 FDD
	N/A
	N/A

	
	
	2
	SR.1.1 TDD
	N/A
	N/A

	
	
	3
	SR.2.1 TDD
	N/A
	N/A

	RMSI CORESET RMC configuration
	
	1
	CR.1.1 FDD
	CR.1.1 FDD
	CR.1.1 FDD

	
	
	2
	CR.1.1 TDD
	CR.1.1 TDD
	CR.1.1 TDD

	
	
	3
	CR.2.1 TDD
	CR.2.1 TDD
	CR.2.1 TDD

	Dedicated CORESET RMC configuration
	
	1
	CCR.1.2 FDD
	CCR.1.1 FDD
	CCR.1.1 FDD

	
	
	2
	CCR.1.2 TDD
	CCR.1.1 TDD
	CCR.1.1 TDD

	
	
	3
	CCR.2.1 TDD
	CCR.2.1 TDD
	CCR.2.1 TDD

	OCNG Patterns
	
	1, 2, 3
	OP.1
	OP.1
	OP.1

	TRS configuration
	
	1
	TRS.1.1 FDD
	N/A
	N/A

	
	
	2
	TRS.1.1 TDD
	N/A
	N/A

	
	
	3
	TRS.1.2 TDD
	N/A
	N/A

	IInitial BWP configuration
	
	1, 2, 3
	DLBWP.0.1 ULBWP.0.1
	DLBWP.0.1 ULBWP.0.1
	DLBWP.0.1 ULBWP.0.1

	Active DL BWP configuration
	
	1, 2, 3
	DLBWP.1.2
	N/A
	DLBWP.1.1

	Active UL BWP configuration
	
	1, 2, 3
	ULBWP.1.2
	N/A
	ULBWP.1.1



2.2.1.2 Test Requirements
The UE shall send one Event A6 triggered measurement report, with a measurement reporting delay less than 5s from the beginning of time period T2.
The UE shall not send event triggered measurement reports, as long as the reporting criteria are not fulfilled.
The UE shall be scheduled on PCell continuously throughout the test. From the start of T1 until the measurement report is received during T2, at least 99.5% of all expected ACK/NACKs shall be transmitted by the UE.
The UE is only allowed to cause interruptions at the VIL1 and VIL2 of the configured NCSG. Each interruption on PCell shall not exceed the value defined in Table 4.
For a test to be considered successful requirements on both event detection and percentage of transmitted ACK/NACKs have to be fulfilled simultaneously.
Table 4 Interruption duration for NCSG in FR1
	[image: ]
	NR Slot length (ms)
	Interruption length
(slot)


	0
	1
	1

	1
	0.5
	2



2.2.2 Event triggered reporting with per-UE NCSG on deactivated SCell with PCell interruption on non-DRX in FR2 
2.2.2.1 Test Purpose and Environment
The purpose of this test is to verify that the UE correctly detects event A6 (Neighbour becomes better than SCell) defined in TS 38.331 within the requirements while at the same time fulfilling the requirement on ACK/NACK rate.
The test parameters are given in Table 1, 2 and 3 below. In the test there are three synchronous cells: Cell1, Cell2 and Cell3. Cell1 is PCell, Cell2 is deactivated SCell, and Cell3 is a neighbour cell. It is indicated to the UE in the measurement control information that event-triggered reporting with Event A6 is used. The test consists of two successive time periods, with duration of T1 and T2, respectively. During T1 the UE shall not have any information of cell 3. Immediately at beginning of T2 the transmission power of cell 3 is increased to same level as for cell 2, and due to usage of an offset this shall result in reporting of Event A6. PDCCH indicating a new transmission on the PCell shall be sent continuously to ensure that the UE sends ACK/NACKs throughout the test. 
Table.1 Supported test configuration
	Configuration
	Description

	1
	120 kHz SSB SCS, 100 MHz bandwidth, TDD duplex mode

	2
	240 kHz SSB SCS, 100 MHz bandwidth, TDD duplex mode

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



Table.2 General test parameters for Event triggered reporting on configured but deactivated SCell with PCell interruption in non-DRX in FR2
	Parameter
	Unit
	Test configuration
	Value
	Comment

	Active PCell
	
	1,2
	Cell 1
	

	Configured deactivated SCell
	
	1,2
	Cell 2
	

	Neighbour cell
	
	1,2
	Cell 3
	

	CP length
	
	1,2
	Normal
	

	DRX
	
	1,2
	OFF
	Continuous monitoring of PCell

	NCSG type
	
	1,2
	Per-UE NCSG
	

	NCSG repetition periodicity
	ms
	1,2
	40
	

	NCSG length
	ms
	1,2
	6
	

	NCSG offset
	ms
	1,2
	0
	

	A6
	Hysteresis
	dB
	1,2
	0
	Hysteresis for evaluation of event A6.

	
	Offset
	dB
	1,2
	-3
	Offset parameter for evaluation of event A6. Needs to take relative accuracy tolerance in clause 9.1.11.2 into account plus margin.

	
	Time To Trigger
	s
	1,2
	0
	

	Filter coefficient
	
	1,2
	0
	L3 filtering is not used

	Cell2 timing offset to cell1
	s
	1,2
	3
	

	Cell3 timing offset to cell1
	s
	1,2
	3
	Synchronous cells

	T1
	s
	1,2
	5
	During this time the UE shall be aware of cells 1 and 2 but not cell 3.

	T2
	s
	1,2
	5
	5



Table.3 NR cell specific test parameters for Event triggered reporting on configured but deactivated SCell with PCell interruption in non-DRX in FR2
	Parameter
	Unit
	Config
	Cell 1
	Cell 2
	Cell 3

	
	
	
	T1
	T2
	T1
	T2
	T1
	T2

	TDD configuration 
	
	1, 2
	TDDConf.3.1
	TDDConf.3.1
	TDDConf.3.1

	BWchannel
	MHz
	1, 2
	100: NRB,c = 66
	100: NRB,c = 66
	100: NRB,c = 66

	Intial BWP configuration
	
	1, 2
	DLBWP.0.1
ULBWP.0.1
	DLBWP.0.1
ULBWP.0.1
	DLBWP.0.1
ULBWP.0.1

	Active DL BWP configuration
	
	1, 2
	DLBWP.1.2
	N/A
	DLBWP.1.1

	Active UL BWP configuration
	
	1, 2
	ULBWP.1.2
	N/A
	ULBWP.1.1

	PDSCH RMC configuration
	
	1, 2
	SR.3.1 TDD 
	N/A
	N/A

	RMSI CORESET RMC configuration
	
	1, 2
	CR.3.1 TDD
	CR.3.1 TDD 
	CR.3.1 TDD 

	Dedicated CORESET RMC configuration
	
	1, 2
	CCR.3.1 TDD
	CCR.3.1 TDD 
	CCR.3.1 TDD 

	TRS configuration
	
	1, 2
	TRS.2.1 TDD
	N/A
	N/A

	PDSCH/PDCCH TCI states
	
	1, 2
	TCI.State.2
	N/A
	N/A

	PDSCH/PDCCH subcarrier spacing
	kHz
	1, 2
	120
	120
	120

	OCNG Patterns
	
	1, 2
	OP.1
	OP.1
	OP.1

	SSB
	
	1
	SSB.3 FR2
	SSB.3 FR2
	SSB.3 FR2

	
	
	2
	SSB.4 FR2
	SSB.4 FR2
	SSB.4 FR2

	Propagation Condition 
	
	1, 2
	AWGN
	AWGN



2.2.2.2 Test Requirements
The UE shall send one Event A6 triggered measurement report, with a measurement reporting delay less than 5s from the beginning of time period T2.
The UE shall not send event triggered measurement reports, as long as the reporting criteria are not fulfilled.
The UE shall be scheduled on PCell continuously throughout the test. From the start of T1 until the measurement report is received during T2, at least 99.5% of all expected ACK/NACKs shall be transmitted by the UE.
The UE is only allowed to cause interruptions at the VIL1 and VIL2 of the configured NCSG. Each interruption on PCell shall not exceed the value defined in Table 4.
For a test to be considered successful requirements on both event detection and percentage of transmitted ACK/NACKs have to be fulfilled simultaneously.

Table 4. VIL1 and VIL2 duration for FR2
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	NR Slot length (ms)
	Interruption length
(slot)


	2
	0.25
	3

	3
	0.125
	6



3. Conclusion
In this contribution, we have the following proposals for NCSG performance test:
Proposal 1: The purpose of NCSG test is to verify that:
An UE capable of NCSG and configured with NCSG by the NW is able to perform the deactivated SCell measurement without causing any autonomous interruption on PCell or any  active SCell outside the VIL1 and VIL2 of NCSG, while meeting the measurement requirement for the deactivated SCell.
An UE capable of NCSG and configured with NCSG by the NW is able to perform the dormant SCell measurement without causing any autonomous interruption on PCell or any active SCell outside the VIL1 and VIL2 of NCSG, while meeting the measurement requirement for the dormant cell.
An UE capable of NCSG and configured with NCSG by the NW is able to perform the intra-frequency/inter-frequency/inter-RAT E-UTRAN measurement without causing any autonomous interruption on PCell or any other active SCell outside the VIL1 and VIL2 of NCSG, while meeting the intra-frequency/inter-frequency/inter-RAT E-UTRAN measurement requirement.
4. Reference
R4-2206889, “WF on R17 NR MG enhancement - NCSG”, Apple. 
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