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1. Introduction
In RAN4 #82bis meeting, it was agreed to introduce test cases for deactivated Scell measurement using NCSG [1].
In this paper, we propose a test methodology to verify interruption requirement of NCSG, and the corresponding FDD/TDD test configurations.
2. Discussion

2.1. NCSG test methodology

The purpose of the NCSG test is to verify that 

· An UE supporting NCSG and configured with the NCSG by the network is able to perform the deactivated Scell measurement without causing any autonomous interruption on Pcell or other active Scell outside the network controlled interruption period of VIL1 and VIL2, while meeting the measurement requirement for the deactivated Scell.

· An UE capable of performing gapless inter-frequency/inter-RAT measurement using NCSG and configured with the NCSG by the network is able to perform the inter-frequency/inter-RAT measurement without causing any autonomous interruption on Pcell or other active Scell outside the network-controlled interruption period of VIL1 and VIL2, while meeting the inter-frequency/inter-RAT measurement requirement.

Interruption requirement for NCSG can be verified by counting the number of missing ACK/NAK when NCSG is configured. In particular, in order to verify that UE does not cause any interruption outside VIL1 and VIL2, we propose to continuously schedule downlink grant except for the subframes where UE cannot receive the grant due to colliding with downlink visible interruption period, or cannot send the ACK/NAK corresponding to the grant due to colliding with the uplink visible interruption period. 
For NCSG pattern Id 0 and 1, the visible interruption length (VIL1,VIL2) in milliseconds, around the measurement occasion is given by (1,1) and (1,2) for downlink and uplink, respectively. Figure 1 and 2 shows the set of subframes where the downlink grant should not be scheduled for different duplex mode and gap offset.
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Figure 1. Downlink scheduling pattern for NCSG pattern 0 or 1 (FDD)
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Figure 2. Downlink scheduling pattern for NCSG pattern 0/1 for different gap offset (TDD ULDL config 1)

Proposal 1: For interruption test with NCSG, continuously schedule downlink grant except for the subframes where UE cannot receive the grant due to colliding with downlink visible interruption period, or cannot send the ACK/NAK corresponding to the grant due to colliding with the uplink visible interruption period, as shown in Table 1.
Table 1. Unicast PDSCH grant pattern for interruption test with NCSG pattern 0 or 1
	Pcell / active Scell Duplex mode
	gapOffset%5
	DL subframes without unicast PDSCH grant (Note 2)

	FDD
	Any
	VIL1 – 4, VIL1, VIL1 + 1, VIL1 + 2, VIL1 + 5  

	TDD (Note 1)
	0, 4
	VIL1, VIL1 + 5

	
	1
	VIL1 – 4, VIL1 + 1

	
	2
	VIL1 – 7, VIL1 – 6, VIL1 – 2, VIL1 – 1, VIL1 + 2

	
	3
	VIL1 – 1, VIL1, VIL1 + 5

	Note 1: ULDL config 1

Note 2: For all other DL subframes, unicast PDSCH is scheduled.


Under the proposed downlink scheduling condition, the test can simply check whether the measurement requirement for deactivated Scell or inter-frequency/inter-RAT cell is satistified without any missing ACK/NAK. Depending on the channel and SNR range where the test is defined, the requirement for missing ACK/NAK should reflect the inherent missing ACK/NAK that may be caused by PDCCH decoding failure.

Proposal 2: Provided that the downlink scheduling condition based on Proposal 1 is satisfied, UE should be able to meet the measurement requirement for deactivated Scell or inter-frequency/inter-RAT cell while successfully transmitting at least 99.9% of all expected ACK/NACKs.
2.2. NCSG test configuration 

2.2.1. E-UTRAN FDD-FDD Event triggered reporting on deactivated SCell with network controlled PCell interruption in non-DRX

a) Test Purpose and Environment
 The purpose of this test is to verify that the UE configured with the network controlled small gap correctly detects event A6 (Neighbour becomes better than SCell) defined in TS 36.331 [2] within the requirements stated in clause 8.3.3.2.1 [3] while at the same time fulfilling the requirement on the controlled interruption in clause 7.8.2.6 [3]
The test parameters are given in Table 2.2-1 and 2.2-2 below. In the test there are three synchronous cells: Cell1, Cell2 and Cell3.  Cell1 is PCell, Cell2 is deactivated SCell, and Cell3 is the neighbour cell. It is indicated to the UE in the measurement control information that event-triggered reporting with Event A6 is used. UE is also configured with the network controlled small gap of pattern Id 0 with gapOffset = 0. 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 according to the unicast PDSCH scheduling pattern in Table 2.2-1 to ensure that the UE sends ACK/NACKs throughout the test.

Table 2.2-1 General test parameters for E-UTRAN FDD-FDD Event triggered reporting on configured but deactivated SCell with network controlled PCell interruption in non-DRX
	Parameter
	Unit
	Value
	Comment

	PDSCH parameters
	
	DL Reference Measurement Channel R.3 FDD
	As specified in clause A.3.1.1.1

	PCFICH/PDCCH/PHICH parameters
	
	DL Reference Measurement Channel R.6 FDD
	As specified in clause A.3.1.2.1

	E-UTRA RF Channel Number
	
	1, 2
	Two radio channels are used for this test

	Active PCell
	
	Cell 1
	Primary cell on RF channel number 1.

	Configured deactivated SCell
	
	Cell 2
	Configured deactivated secondary cell on RF channel number 2.

	Neighbour cell
	
	Cell 3
	Neighbor cell to be identified on RF channel number 2.

	Channel Bandwidth (BWchannel)
	MHz
	10
	Channel bandwidth for cells on primary and secondary component carriers

	CP length
	
	Normal
	

	DRX
	
	OFF
	Continuous monitoring of primary cell

	A6
	Hysteresis
	dB
	0
	Hysteresis for evaluation of event A6.

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

	
	Report on leave
	
	False
	

	
	Time To Trigger
	s
	0
	

	Cell-individual offset for cells on RF channel number 1
	dB
	0
	Individual offset for cells on primary component carrier. 

	Cell-individual offset for cells on RF channel number 2
	dB
	0
	Individual offset for cells on secondary component carrier.

	Filter coefficient
	
	0
	L3 filtering is not used

	SCell measurement cycle
	ms
	1280
	

	Cell2 timing offset to cell1
	(s
	0
	

	Time alignment error between cell2 and cell1
	(s
	≤ Time alignment error as specified in TS 36.104 [30] clause 6.5.3.1.
	The value of time alignment error depends upon the type of carrier aggregation.

	Cell3 timing offset to cell1
	(s
	3
	Synchronous cells

	NCSG pattern Id / gapOffset
	
	0 / 0
	(VIL1,ML,VIL2) = (1,4,1) for downlink, and (1,4,2) for uplink

	Pcell unicast PDSCH scheduling
	
	0001100111
	Subframe bitmap for unicast PDSCH downlink grant. MSB for subframe #0, and LSB for subframe #9

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

	T2
	s
	≤30
	UE shall report Event A6 within 25.6s (20×scellMeasCycle)

	NOTE:
This test verifies the RRM requirement which is independent of channel bandwidth and is performed according to the principle defined in section A.3.6.1.


Table 2.2-2: Cell specific test parameters for E-UTRAN FDD-FDD Event triggered reporting on   configured but deactivated SCell with network controlled PCell interruption in non-DRX
	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	
	
	T1
	T2
	T1
	T2
	T1
	T2

	E-UTRA RF Channel Number
	
	1
	2
	2

	BWchannel
	MHz
	10
	10
	10

	OCNG Pattern defined in A.3.2.1.10 (OP.10 FDD) and in A.3.2.1.2 (OP.2)
	
	OP.10 FDD
	OP.2 FDD
	OP.2 FDD

	
	
	
	
	

	PBCH_RA
	dB
	0
	0
	0

	PBCH_RB
	dB
	
	
	

	PSS_RA
	dB
	
	
	

	SSS_RA
	dB
	
	
	

	PCFICH_RB
	dB
	
	
	

	PHICH_RA
	dB
	
	
	

	PHICH_RB
	dB
	
	
	

	PDCCH_RA
	dB
	
	
	

	PDCCH_RB
	dB
	
	
	

	PDSCH_RA
	dB
	
	
	

	PDSCH_RB
	dB
	
	
	

	OCNG_RANote 1
	dB
	
	
	

	OCNG_RBNote 1 
	dB
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 Note 3
	dBm/15 kHz
	-98

	RSRP Note 4
	dBm/15 kHz
	-82
	-82
	-82
	-82
	-Infinity
	-82
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	dB
	16
	16
	16
	-0.11
	-Infinity
	-0.11

	SCH_RP Note 4
	dBm/15 kHz
	-82
	-82
	-82
	-82
	-Infinity
	-82
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	dB
	16
	16
	16
	16
	-Infinity
	16

	Propagation Condition 
	
	AWGN

	Note 1:
OCNG shall be used such that all cells are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.

Note 2:
The resources for uplink transmission are assigned to the UE prior to the start of time period T2.

Note 3:
Interference from other cells and noise sources not specified in the test is assumed to be constant over subcarriers and time and shall be modelled as AWGN of appropriate power for 
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 to be fulfilled.

Note 4:
RSRP and SCH_RP levels have been derived from other parameters for information purposes. They are not settable parameters themselves.


b) Test Requirements

The UE shall send one Event A6 triggered measurement report, with a measurement reporting delay less than 25.6s 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 according to the unicast PDSCH scheduling subframe bitmap in Table 2.2-1 throughout the test. From the start of T1 until the measurement report is received during T2, at least [99.9]% of all expected ACK/NACKs shall be transmitted by the UE.
For a test to be considered successful requirements on both event detection and percentage of transmitted ACK/NACKs have to be fulfilled simultaneously.
The rate of correct events observed during repeated tests shall be at least 90%.

NOTE:
The actual overall delays measured in the test may be up to 2xTTIDCCH higher than the measurement reporting delays above because of TTI insertion uncertainty of the measurement report in DCCH.
2.2.2. E-UTRAN TDD-TDD Event triggered reporting on deactivated SCell with network controlled PCell interruption in non-DRX
a)  Test Purpose and Environment
The purpose of this test is to verify that the UE configured with the network controlled small gap correctly detects event A6 (Neighbour becomes better than SCell) defined in TS 36.331 [2] within the requirements stated in clause 8.3.3.2.1 [3] while at the same time fulfilling the requirement on the controlled interruption in clause 7.8.2.6 [3]
The test parameters are given in Table 2.2-3 and 2.2-4 below. In the test there are three synchronous cells: Cell1, Cell2 and Cell3. Cell1 is PCell, Cell2 is deactivated SCell, and Cell3 is the neighbour cell. It is indicated to the UE in the measurement control information that event-triggered reporting with Event A6 is used. UE is also configured with the network controlled small gap of pattern Id 0 with gapOffset = 0. 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 according to the unicast PDSCH scheduling pattern in Table 2.2-3 to to ensure that the UE sends ACK/NACKs throughout the test.

Table 2.2-3: General test parameters for E-UTRAN TDD-TDD Event triggered reporting on configured but deactivated SCell with network controlled PCell interruption in non-DRX
	Parameter
	Unit
	Value
	Comment

	PDSCH parameters
	
	DL Reference Measurement Channel R.0 TDD
	As specified in clause A.3.1.1.2

	PCFICH/PDCCH/PHICH parameters
	
	DL Reference Measurement Channel R.6 TDD
	As specified in clause A.3.1.2.2

	E-UTRA RF Channel Number
	
	1, 2
	Two radio channels are used for this test

	Active PCell
	
	Cell 1
	Primary cell on RF channel number 1.

	Configured deactivated SCell
	
	Cell 2
	Configured deactivated secondary cell on RF channel number 2.

	Neighbour cell
	
	Cell 3
	Neighbor cell to be identified on RF channel number 2.

	Channel Bandwidth (BWchannel)
	MHz
	10
	Channel bandwidth for cells on primary and secondary component carriers

	CP length
	
	Normal
	

	Special subframe configuration
	
	6
	As specified in table 4.2.1 in TS 36.211. The same configuration applies to all cells.

	Uplink-downlink configuration
	
	1
	

	DRX
	
	OFF
	Continuous monitoring of primary cell

	A6
	Hysteresis
	dB
	0
	Hysteresis for evaluation of event A6.

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

	
	Report on leave
	
	False
	

	
	Time To Trigger
	s
	0
	

	Cell-individual offset for cells on RF channel number 1
	dB
	0
	Individual offset for cells on primary component carrier. 

	Cell-individual offset for cells on RF channel number 2
	dB
	0
	Individual offset for cells on secondary component carrier.

	Filter coefficient
	
	0
	L3 filtering is not used

	SCell measurement cycle
	ms
	1280
	

	Cell2 timing offset to cell1
	(s
	0
	

	Time alignment error between cell2 and cell1
	(s
	≤ Time alignment error as specified in TS 36.104 [30] clause 6.5.3.1.
	The value of time alignment error depends upon the type of carrier aggregation.

	Cell3 timing offset to cell1
	(s
	3
	Synchronous cells

	NCSG pattern Id / gapOffset
	
	0 / 0
	(VIL1,ML,VIL2) = (1,4,1) for downlink, and (1,4,2) for uplink

	Pcell unicast PDSCH scheduling
	
	0110001100
	Subframe bitmap for unicast PDSCH downlink grant. MSB for subframe #0, and LSB for subframe #9

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

	T2
	s
	≤30
	UE shall report Event A6 within 25.6s (20×scellMeasCycle)

	NOTE:
This test verifies the RRM requirement which is independent of channel bandwidth and is performed according to the principle defined in section A.3.6.1.


Table 2.2-4: Cell specific test parameters for E-UTRAN TDD-TDD Event triggered reporting on configured but deactivated SCell with network controlled PCell interruption in non-DRX
	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	
	
	T1
	T2
	T1
	T2
	T1
	T2

	E-UTRA RF Channel Number
	
	1
	2
	2

	BWchannel
	MHz
	10
	10
	10

	OCNG Pattern defined in A.3.2.2.1 (OP.1 TDD) and in A.3.2.2.2 (OP.2 TDD)
	
	OP.1 TDD
	OP.2 TDD
	OP.2 TDD

	
	
	
	
	

	PBCH_RA
	dB
	0
	0
	0

	PBCH_RB
	dB
	
	
	

	PSS_RA
	dB
	
	
	

	SSS_RA
	dB
	
	
	

	PCFICH_RB
	dB
	
	
	

	PHICH_RA
	dB
	
	
	

	PHICH_RB
	dB
	
	
	

	PDCCH_RA
	dB
	
	
	

	PDCCH_RB
	dB
	
	
	

	PDSCH_RA
	dB
	
	
	

	PDSCH_RB
	dB
	
	
	

	OCNG_RANote 1
	dB
	
	
	

	OCNG_RBNote 1 
	dB
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 Note 3
	dBm/15 kHz
	-98

	RSRP Note 4
	dBm/15 kHz
	-82
	-82
	-82
	-82
	-Infinity
	-82
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	dB
	16
	16
	16
	-0.11
	-Infinity
	-0.11

	SCH_RP Note 4
	dBm/15 kHz
	-82
	-82
	-82
	-82
	-Infinity
	-82
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	dB
	16
	16
	16
	16
	-Infinity
	16

	Propagation Condition 
	
	AWGN

	Note 1:
OCNG shall be used such that all cells are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.

Note 2:
The resources for uplink transmission are assigned to the UE prior to the start of time period T2.

Note 3:
Interference from other cells and noise sources not specified in the test is assumed to be constant over subcarriers and time and shall be modelled as AWGN of appropriate power for 
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 to be fulfilled.

Note 4:
RSRP and SCH_RP levels have been derived from other parameters for information purposes. They are not settable parameters themselves.


b) Test Requirements

The UE shall send one Event A6 triggered measurement report, with a measurement reporting delay less than 25.6s 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 according to the scheduling bitmap in Table 2.2-3 throughout the test. From the start of T1 until the measurement report is received during T2, at least [99.9]% of all expected ACK/NACKs shall be transmitted by the UE.
For a test to be considered successful requirements on both event detection and percentage of transmitted ACK/NACKs have to be fulfilled simultaneously.
The rate of correct events observed during repeated tests shall be at least 90%.

NOTE:
The actual overall delays measured in the test may be up to 2xTTIDCCH higher than the measurement reporting delays above because of TTI insertion uncertainty of the measurement report in DCCH.

3. Conclusion

In this paper, we proposed a general test methodology to verify interruption requirement of NCSG, and presented the example FDD/TDD test configurations for deactivated Scell measurement based on NCSG. 

List of proposals made in this paper is summarized as follows.

Proposal 1: For interruption test with NCSG, continuously schedule downlink grant except for the subframes where UE cannot receive the grant due to colliding with downlink visible interruption period, or cannot send the ACK/NAK corresponding to the grant due to colliding with the uplink visible interruption period, as shown in Table 1.

Table 1. Unicast PDSCH grant pattern for interruption test with NCSG pattern 0 and 1
	Pcell / active Scell Duplex mode
	gapOffset%5
	DL subframes without unicast PDSCH grant (Note 2)

	FDD
	Any
	VIL1 – 4, VIL1, VIL1 + 1, VIL1 + 2, VIL1 + 5  

	TDD (Note 1)
	0, 4
	VIL1, VIL1 + 5

	
	1
	VIL1 – 4, VIL1 + 1

	
	2
	VIL1 – 7, VIL1 – 6, VIL1 – 2, VIL1 – 1, VIL1 + 2

	
	3
	VIL1 – 1, VIL1, VIL1 + 5

	Note 1: ULDL config 1

Note 2: For all other DL subframes, unicast PDSCH grant is scheduled.


Proposal 2: Provided that the downlink scheduling condition based on Proposal 1 is satisfied, UE should be able to meet the measurement requirement for deactivated Scell or inter-frequency/inter-RAT cell while successfully transmitting at least 99.9% of all expected ACK/NACKs.
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