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1. Introduction
Carrier aggregation band combinations with 3 DL carriers have been under discussion for a few meetings and the RF requirements for some of the combinations were finalized in the last RAN4 meeting. The discussions for the RRM requirements are also close to finalization and an initial discussion on RRM test cases for 3CA was presented in [3]. 

In this paper we further elaborate on the problems and present some proposals on how to proceed with the work in this area. We emphasize the tests that should be run and the idea of flexible bandwidth RRM tests.
2. Discussion

In [3] we presented several proposals on how to proceed with the definition of RRM tests for 3DL CA. We relist some of the proposals here for convenience.
Proposal 1: Redefine the same tests used for 2 DL CA to cover 3 DL CA. 

Proposal 2:  Redefine the 2 DL CA test cases by adding another SCell in the same state (active or deactivated) and check that requirements are met on all SCells. For the event triggered reporting the test could be run randomly on any of the SCells.

Proposal 3: UEs that are 3 DL CA capable should not be tested against 2 DL CA test cases. 

Proposal 4: RAN4 should consider developing the CA RRM tests in a flexible way to allow straightforward extensions to higher order CA and different bandwidth combinations.
Proposal 5: UEs capable of FDD-FDD CA and TDD-TDD CA should not be tested against FDD-TDD CA test cases.

Proposal 6: UEs capable of only FDD-TDD CA should not be tested against the same test with FDD PCell and TDD PCell. If necessary the TE could randomly configure one cell as PCell.
In this paper we would like to further elaborate on some of this proposals. 

First of all we would like to point out that we currently still have some CA band dependent tests that are run for all band combinations. With a small number of bands running these tests is not a major problems but the number of band combinations is expected to increase exponentially in the future(with 4CA and 5CA) and it is likely that each UE will support many(maybe all) of them. As such, it will become impossible to test all the CA band combos from a cost and test time point of view. Also, some bands are part of multiple combinations and would be tested multiple times even though this is not needed. It should be noted that all of the bands are already tested in single carrier mode(so power calibration is tested) and the RF tests are run for all the CA band combinations. Hence, we don’t believe it is necessary to run the accuracy tests in different CA combinations.

Proposal 7. Band dependent tests should be run only in single carrier mode

If the above proposal cannot be agreed then some rules to minimize the number of tests and avoid testing the same band multiple times should be avoided. However, designing such rules may be really challenging and the testing procedure may become very complicated.
Furthermore, through event triggered reporting the fact that the UE has enough processing capability to perform measurements and meets the accuracy requirements is already tested.

In RAN4#72 Bis there were some questions on how exactly proposal 4 would work, we further elaborate on this issue below and present some examples.

The CA test cases defined in 36.133 contain 2 tables, a table with general parameters and that apply to all the cells and another table with cell specific parameters such as signal levels. In order to make the tests flexible there would be a need to break the test definition into some modules that could be defined separately. The general table could maintained and the cell specific table could be further broken down into 2 tables, one table containing the PCell parameters for each bandwidth and another table containing the parameters for the cells on secondary component carriers also for each channel bandwidth. Furthermore, the test description would have to be modified and generalized. A concrete example of how to define such a test is shown below for the event triggered reporting under deactivated SCell in non-DRX. We believe the same procedure could be applied to any of the CA tests. Some change marks are kept for a better understanding of the changes.
------------------------------------------------------------------------------------------------------------------------------------------------
A.X
E-UTRAN FDD event triggered reporting under deactivated SCells in non-DRX

A.8.16.1.1
Test Purpose and Environment
The purpose of this test is to verify that the UE correctly detects events A2 (Serving cell becomes worse than threshold) and A6 (Neighbour becomes better than SCell) defined in TS 36.331 [2] within the requirements stated in clause 8.3.3.2.1.

The test parameters are given in Tables A.X.1-1 and A.X.1-2 and A.X.1-3 below. It is indicated to the UE in the measurement control information that event-triggered reporting with Events A2 (PCell and SCell) and A6 is used. The test consists of three successive time periods, with duration of T1, T2 and T3, respectively. During T1 the UE shall not have any information on neighbor cells on any secondary carrier(SCC). Immediately at beginning of T2 the transmission power of neighbor cellsis increased to same level as for Scells, and due to usage of an offset this shall result in reporting of Event A6. At beginning of T3 the transmission powers of all cells  are reduced below a threshold value and this shall result in reporting of Event A2 for PCell and SCells, respectively.
The Tables A.X.1-2 and A.X.1-3 include the cell specific parameters for different channel bandwidths. Depending on the bandwidth combination set supported by the UE a parameter set for each component carrier should be chosen.
Table A.X.1-1: General test parameters for E-UTRAN FDD event triggered reporting on configured but deactivated SCell in non-DRX under fading propagation conditions

	Parameter
	Unit
	Value
	Comment

	
	
	
	

	
	
	
	

	E-UTRA RF Channel Number
	
	1, 2...N
	
N radio channels are used for this test when N is the number of component carriers

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

	Configured deactivated SCells
	
	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
	
	
Channel bandwidth should be chosen depending on the supported bandwidth configuration sets as specified in the test applicability sections

	CP length
	
	Normal
	

	DRX
	
	OFF
	Continuous monitoring of primary cell

	A2
	Hysteresis
	dB
	0
	Hysteresis for evaluation of event A2.

	
	Threshold RSRP
	dBm
	-93
	Actual RSRP threshold for event A2. Needs to take absolute accuracy tolerance in clause 9.1.11.1 into account plus margin.  

	
	Time To Trigger
	s
	0
	

	A6
	Hysteresis
	dB
	0
	Hysteresis for evaluation of event A6.

	
	Offset
	dB
	-6
	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 X
	dB
	0
	Individual offset for cells on secondary component carrier X.

	Filter coefficient
	
	0
	L3 filtering is not used

	SCell measurement cycle (measCycleSCell)
	ms
	320
	

	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

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

	T2
	s
	≤12
	UE should report Event A6 within 6.4s (20×scellMeasCycle)

	T3
	s
	5
	UE should report Event A2 within 200 ms and 1.6s for cells 1 and 2, respectively.

	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 A.X.1-2: SCell specific test parameters for E-UTRAN FDD event triggered reporting on configured but deactivated SCell in non-DRX under fading propagation conditions

	Parameter
	Unit
	PCell 


	
	
	T1
	T2
	T3
	T1
	T2
	T3
	T1
	T2
	T3

	E-UTRA RF Channel Number
	
	1
	1
	1

	BWchannel
	MHz
	10
	20
	5

	PDSCH parameters
	
	DL Reference Measurement Channel R.0 FDD
	DL Reference Measurement Channel R.4 FDD
	DL Reference Measurement Channel R.5 FDD

	PCFICH/PDCCH/PHICH parameters
	
	DL Reference Measurement Channel R.6 FDD
	DL Reference Measurement Channel R.10 FDD
	DL Reference Measurement Channel R.11 FDD

	Correlation Matrix and Antenna Configuration
	
	1x2 Low
	1x2 Low
	1x2 Low

	OCNG Patterns defined in A.3.2.1.1 (OP.1 FDD) and in A.3.2.1.2 (OP.2  FDD)
	
	OP.1 FDD
	OP.11 FDD
	OP.15 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
	
	
	

	NocNote 2
	dBm/15 kHz
	-101
	-101
	-101

	RSRP Note 3
	dBm/15 kHz
	-82
	-82
	-104
	-82
	-82
	-104
	-82
	-82
	-104

	Ês/Iot
	dB
	19
	19
	-3
	19
	19
	-3
	19
	19
	-3

	SCH_RP Note 3
	dBm/15 kHz
	-82
	-82
	-104
	-82
	-82
	-104
	-82
	-82
	-104

	Ês/Noc
	dB
	19
	19
	-3
	19
	19
	-3
	19
	19
	-3

	Propagation Condition 
	
	ETU70
	ETU70
	ETU70

	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:
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 Noc to be fulfilled.

Note 3:
RSRP and SCH_RP levels have been derived from other parameters for information purposes. They are not settable parameters themselves.

Note 4:
The resources for uplink transmission are assigned to the UE prior to the start of time period T2.


Table A.X.1-3: Cell specific test parameters for E-UTRAN FDD event triggered reporting on configured but deactivated SCell in non-DRX under fading propagation conditions for cells on secondary component carriers

	Parameter
	Unit
	

	
	
	T1
	T2
	T3
	T1
	T2
	T3
	T1
	T2
	T3

	E-UTRA RF Channel Number
	
	X
	X
	X

	BWchannel
	MHz
	10
	20
	5

	Cell
	
	SCell
	Neighbor cell on SCC
	SCell
	Neighbor cell on SCC
	SCell
	Neighbor cell on SCC

	PDSCH parameters
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	PCFICH/PDCCH/PHICH parameters
	
	DL Reference Measurement Channel R.6 FDD
	DL Reference Measurement Channel R.10 FDD
	DL Reference Measurement Channel R.11 FDD

	Correlation Matrix and Antenna Configuration
	
	1x2 Low
	1x2 Low
	1x2 Low
	1x2 Low
	1x2 Low
	1x2 Low

	OCNG Patterns defined in A.3.2.1.1 (OP.1 FDD) and in A.3.2.1.2 (OP.2  FDD)
	
	OP.2 FDD
	OP.2 FDD
	OP.12 FDD
	OP.12 FDD
	OP.16 FDD
	OP.16 FDD

	PBCH_RA
	dB
	0
	0
	0
	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
	
	
	
	
	
	

	NocNote 2
	dBm/15 kHz
	-101
	-101
	-101

	RSRP Note 3
	dBm/15 kHz
	-82
	-82
	-104
	-infinity
	-82
	-104
	-82
	-82
	-104
	-infinity
	-82
	-104
	-82
	-82
	-104
	-infinity
	-82
	-104

	Ês/Iot
	dB
	19
	-0.05
	-4.76
	-infinity
	-0.05
	-4.76
	19
	-0.05
	-4.76
	-infinity
	-0.05
	-4.76
	19
	-0.05
	-4.76
	-infinity
	-0.05
	-4.76

	SCH_RP Note 3
	dBm/15 kHz
	-82
	-82
	-104
	-infinity
	-82
	-104
	-82
	-82
	-104
	-infinity
	-82
	-104
	-82
	-82
	-104
	-infinity
	-82
	-104

	Ês/Noc
	dB
	19
	19
	-3
	-infinity
	19
	-3
	19
	19
	-3
	-infinity
	19
	-3
	19
	19
	-3
	-infinity
	19
	-3

	Propagation Condition 
	
	ETU70
	ETU70
	ETU70
	ETU70
	ETU70
	ETU70

	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:
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 Noc to be fulfilled.

Note 3:
RSRP and SCH_RP levels have been derived from other parameters for information purposes. They are not settable parameters themselves.

Note 4:
The resources for uplink transmission are assigned to the UE prior to the start of time period T2.


A.X.2
Test Requirements

The UE shall send one Event A6 triggered measurement report with a measurement reporting delay of less than 6.4s (20×measCycleSCell) from the beginning of time T2.

The UE shall send one Event A2 triggered measurement report for PCell with a measurement reporting delay of less than 200 ms from beginning of time T3.

The UE shall send one Event A2 triggered measurement report for all SCells with a measurement reporting delay of less than 1.6s (5× measCycleSCell) from beginning of time T3.

The UE shall not send event triggered measurement reports as long as the reporting criteria are not fulfilled.

The rate of correct events observed during repeated tests shall be at least 90% for each of the events.

----------------------------------------------------------------------------------------------------------------------------------------------
3. Conclusion
In this paper we analyzed the RRM test cases needed for 3 DL CA and higher order CA. Based on the analysis the following proposals were made:
Proposal 1: Redefine the same tests used for 2 DL CA to cover 3 DL CA.
Proposal 2:  Redefine the 2 DL CA test cases by adding another SCell in the same state (active or deactivated) and check that requirements are met on all SCells. For the event triggered reporting the test could be run randomly on any of the SCells.
The complete list of test cases is shown in the Annex.
Proposal 3: UEs that are 3 DL CA capable should not be tested against 2 DL CA test cases. 

Proposal 4: RAN4 should consider developing the CA RRM tests in a flexible way to allow straightforward extensions to higher order CA and different bandwidth combinations.

Proposal 5: UEs capable of FDD-FDD CA and TDD-TDD CA should not be tested against FDD-TDD CA test cases.

Proposal 6: UEs capable of only FDD-TDD CA should not be tested against the same test with FDD PCell and TDD PCell. If necessary the TE could randomly configure one cell as PCell.
Proposal 7. Band dependent tests should be run only in single carrier mode

We would like to emphasize that the above proposals are also important in the context of minimizing the number of RRM test cases [2]. 
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Annex

FDD-FDD CA Test cases
1. A.8.16.1 E-UTRAN FDD event triggered reporting under deactivated SCell in non-DRX

2. A.8.16.3 E-UTRAN FDD-FDD Event triggered reporting on deactivated SCell with PCell interruption in non-DRX

3. A.8.16.7 E-UTRAN FDD activation and deactivation of known SCell in non-DRX

4. A.8.17.1 E-UTRAN FDD RSTD measurement reporting delay test case

5. A.8.20.1 E-UTRAN FDD-FDD Inter-frequency event triggered reporting under fading propagation conditions in asynchronous cells

1. TDD-TDD CA Test cases
2. A.8.16.2 E-UTRAN TDD event triggered reporting under deactivated SCell in non-DRX

3. A.8.16.4 E-UTRAN TDD-TDD Event triggered reporting on deactivated SCell  with PCell interruption in non-DRX

4. A.8.16.8 E-UTRAN TDD activation and deactivation of known SCell in non-DRX

5. A.8.17.2 E-UTRAN TDD RSTD measurement reporting delay test case

6. A.8.20.2 E-UTRAN TDD-TDD Inter-frequency event triggered reporting under fading propagation conditions in asynchronous cells
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