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1. Introduction
FR2 RRM test setup was discussed in RAN4#88 Bis and  consensus on the angles of arrivals for certain tests could not be reached. In this paper we discuss the needed test setups to make the tests relevant and propose the setup for test cases that are still under discussion.
2. Discussion
The FR2 test setup in terms of angle of arrivals of signals relative to the device was categorized in 3 setups that are shown in the Annex. The high level test case list was discussed in RAN4#88Bis and the setup for some of the tests is still TBD because consensus could not be reached. The test case list and status after RAN4#88Bis as captured in the chairman notes is shown in the Annex(agreements are highlighted in green). The tests with TBD are mainly tests that involve detection/measurements of different beams. 
FR2 systems are based on use of active antenna arrays with beamforming. FR2 UEs will have to be able to perform search and measurements in multiple directions to find incoming signals and switch between them to maintain the connection. The UEs must be able to multiplex measurements in different directions with data transmissions in other directions. As such, the UEs will have to be able to switch seamlessly between different Rx beams to meet the RAN4 performance requirements and more importantly, to ensure a certain level of field performance is maintained. In order to guarantee that a minimum level of performance is met, it is necessary to have RRM tests in which signals are coming from multiple directions. 
Observation 1. Tests with signals coming from different directions are needed to ensure that UEs are able to find signals coming from different directions and maintain the connection.

In the previous meetings some companies argued that all test cases should be using Scenario #1(Rx beam peak direction) because this would be enough. If the tests are restricted to Scenario#1, the incoming signal direction is deterministic(direction is fixed in all tests and also known apriori). Such tests do not ensure in any way that the UE can actually search for signals in different directions and even UEs that never perform Rx beam sweeping for beam management or neighbor cell search(or underperform the RAN4 requirements) would pass without any problems. 

Also, if all the signals are coming from a deterministic direction, the tests will become just baseband tests and not capture the spatial aspects of FR2 operation which are essential for the overall FR2 system performance.

Observation 2. If all the signals are coming from a deterministic direction, the tests will be just baseband tests and not test the spatial aspects of FR2 UE operation which are essential.
The testability SI has been discussing the setup for RRM tests and the baseline setup is captured in TR 38.810. The baseline setup has multiple probes that can emulate signals coming from different directions and it is agreed that two probes should be able to transmit simultaneously. Hence, the need for multiple angles of arrivals in RRM tests was recognized a long time ago and the baseline setup is design to support such testing.
Observation 3.  The baseline RRM test setup agreed in the testability SI supports multiple AoAs and signals coming from 2 angles simultaneously.

Based on the observations above, it is necessary and feasible to define RRM tests with two angles of arrivals and the conclusions from testability SI should be used in the test definition.
For certain tests, it would be very important to randomize the angle of arrival in the test. For example, for the RACH test, it is important that the UE can send RACH in different directions and not just in the beam peak direction. Hence, Scenario#2 should be used.

Considering all the above, the proposed setup for the test cases that were TBD in the previous meeting is shown in the tables below. For convenience, all the test cases are included. The comments column will provide further details and justification for each test case.












Table 1. Proposed test setup for Phase I tests

	Test case group number
	Test purpose
	AoA setup
	Comments

	1
	EN-DC cell search and L1 measurement period 
	Setup#3
	Check that UE can measure beams from different directions

	2
	SA cell search and L1 measurement period
	Setup#3
	see Test#1

	3
	EN-DC Timing accuracy and adjustment
	Setup#1
	

	4
	SA Timing accuracy and adjustment
	Setup#1
	

	5
	EN-DC TA accuracy
	Setup#1
	

	6
	SA TA accuracy
	Setup#1
	

	7
	EN-DC SSB RLM for PSCell IS and OOS
	Setup#3
	At least two beams from different directions are needed to test that UE is calculating IS/OOS on multiple beams and not just on serving beam and they come from different directions.

	9
	SA SSB RLM for PCell IS and OOS
	Setup#3
	see test#7

	10
	Random access
	Setup#2
	Check that UE can find cell in different directions and also send RACH appropriately

	11
	Intra-frequency RSRP accuracy for FR1 and FR2
	Setup#3
	Check that UE can measure beams from different directions

	12
	EN-DC SCell activation/deactivation delay
	Setup#1
	

	13A
	EN-DC CSI RLM for PSCell
	Setup#3
	see test#7 

	13B
	SA CSI RLM for PCell
	Setup#3
	see test#7

	14A
	EN-DC interruptions due to DRX transition
	Setup#1
	

	14B
	EN-DC interruptions due to deactivated SCell operations
	Setup#1
	

	17A
	Serving NR PSCell and target E-UTRA inter-frequency measurement with LTE PCell
	Setup#1
	

	17B
	NR Pcell with target inter-RAT E-UTRA measurement
	Setup#1
	

	18A
	EN-DC NR inter-frequency measurement
	Setup#3
	see Test#1

	18B
	SA NR inter-frequency measurement
	Setup#3
	see Test#1

	19
	Inter-frequency RSRP accuracy for FR1 and FR2
	Setup#3
	see Test#1

	20A
	EN-DC interruptions at UL carrier RRC reconfiguration
	Setup#1
	

	20B
	EN-DC interruptions due to active BWP switching
	Setup#1
	


Table 2: Proposed test setup for Phase II test cases
	Test case group number
	Test purpose
	AoA setup
	Comments

	21A
	SA interruptions at SCell addition/release/activation/deactivation
	Setup#1
	

	21B
	SA interruptions at UL carrier RRC reconfiguration
	Setup#1
	

	21C
	SA interruptions due to Active BWP switching
	Setup#1
	

	26A
	NR-NR Handovers
	Setup#3
	check that UE can HO to a cell in a different direction

	26B
	NR handovers to other RATs
	Setup#1
	

	29A
	Beam management: L1-RSRP reporting
	Setup#3
	check that UE can measure serving cell beams from different directions

	29B
	Beam management: Beam failure detection and link recovery procedure
	Setup#3
	Check that UE can recover to a beam coming from a different direction

	31
	Intra-freq RSRQ accuracy for FR1 and FR2
	Setup#3
	see Test#1

	32
	Inter-freq RSRQ accuracy for FR1 and FR2
	Setup#3
	see Test#1

	34
	BWP switching interruptions on E-UTRA serving cells in EN-DC
	Setup#1
	

	35
	BWP switching delay
	Setup#1
	

	36
	NR PSCell addition and release in EN-DC
	Setup#2
	see Test#10

	37
	UL carrier RRC reconfiguration delay
	N/A
	

	38
	SA RRC_Idle/inactive cell reselection NR to NR (FR1)
	N/A
	

	39
	SA RRC Idle/inactive cell reselection NR to E-UTRAN (FR1)
	N/A
	


3. Conclusion
In this paper we briefly analyzed the setups(AoAs) for FR2 RRM  tests. We made the following observations:
Observation 1. Tests with signals coming from different directions are needed to ensure that UEs are able to find signals coming from different directions and maintain the connection.

Observation 2. If all the signals are coming from a deterministic direction, the tests will be just baseband tests and not test the spatial aspects of FR2 operation which are essential

Observation 3.  The baseline RRM test setup agreed in the testability SI supports multiple AoAs and signals coming from 2 angles simultaneously.

The proposed setup for the test cases that were TBD in the previous meeting is shown Tables 1 and 2 in Section 2. For convenience, all the test cases are included. The comments column will provide further details and justification for each test case.
Annex

Note: AoA setup
· Setup #1: Single AoA setup with signal arriving in the peak direction of Rx antenna beam

· Setup #2: Single AoA setup with signal arriving not in the peak direction of Rx antenna beam

· Setup #3: Dual AoA setup

Table 1: Phase I test cases
	Test case group number
	Test purpose
	Company for CR editor
	Section in spec
	AoA setup

	1
	EN-DC cell search and L1 measurement period 
	Huawei
	TS38.133 A.4.6.1/A.5.6.1
	TBD

	2
	SA cell search and L1 measurement period
	Huawei
	TS38.133 A.6.6.1/A.7.6.1
	TBD

	3
	EN-DC Timing accuracy and adjustment
	Qualcomm
	TS38.133 A.4.4.1/A.5.4.1
	Setup#1

	4
	SA Timing accuracy and adjustment
	Qualcomm
	TS38.133 A.6.4.1/A.7.4.1
	Setup#1

	5
	EN-DC TA accuracy
	Intel
	TS38.133 A.4.4.3/A.5.4.3
	Setup#1

	6
	SA TA accuracy
	Intel
	TS38.133 A.6.4.3/A.7.4.3
	Setup#1

	7
	EN-DC SSB RLM for PSCell IS and OOS
	Mediatek
	TS38.133 A.4.5.1/A.5.5.1
	TBD

	9
	SA SSB RLM for PCell IS and OOS
	Mediatek
	TS38.133 A.6.5.1/A.7.5.1
	TBD

	10
	Random access
	Samsung
	TS38.133 A.4.3.2.2/A.5.3.2.2

/A.6.3.2.2/A7.3.2.2
	TBD

	11
	Intra-frequency RSRP accuracy for FR1 and FR2
	Ericsson
	TS38.133 A.4.7.1.1/A.5.7.1.1

/A.6.7.1.1/A7.7.1.1
	TBD

	12
	EN-DC SCell activation/deactivation delay
	Nokia
	TS38.133 A.4.5.3/A.5.5.3
	Setup#1

	13A
	EN-DC CSI RLM for PSCell
	Nokia
	TS38.133 A.4.5.1/A.5.5.1
	TBD

	13B
	SA CSI RLM for PCell
	Nokia
	TS38.133 A.6.5.1/A.7.5.1
	TBD

	14A
	EN-DC interruptions due to DRX transition
	CATT
	TS38.133 A.4.5.2.1/A.5.5.2.1
	Setup#1

	14B
	EN-DC interruptions due to deactivated SCell operations
	CATT
	TS38.133 A.4.5.2.1/A.5.5.2.1
	Setup#1

	17A
	Serving NR PSCell and target E-UTRA inter-frequency measurement with LTE PCell
	Ericsson
	TBD
	Setup#1

	17B
	NR Pcell with target inter-RAT E-UTRA measurement
	Ericsson
	TBD
	Setup#1

	18A
	EN-DC NR inter-frequency measurement
	Intel
	TS38.133 A.4.6.2/A.5.6.2
	TBD

	18B
	SA NR inter-frequency measurement
	Intel
	TS38.133 A.6.6.2/A.7.6.2
	TBD

	19
	Inter-frequency RSRP accuracy for FR1 and FR2
	Huawei
	TS38.133 A.4.7.1.2/A.5.7.1.2

/A.6.7.1.2/A.7.7.1.2
	TBD

	20A
	EN-DC interruptions at UL carrier RRC reconfiguration
	Huawei
	TS38.133 A.4.5.2.1/A.5.5.2.1
	Setup#1

	20B
	EN-DC interruptions due to active BWP switching
	Nokia
	TS38.133 A.4.5.2.1/A.5.5.2.1
	Setup#1


Table 2: Phase II test cases
	Test case group number
	Test purpose
	Company for CR editor
	Section in spec
	AoA setup

	21A
	SA interruptions at SCell addition/release/activation/deactivation
	CATT
	TS38.133 A.6.5.2.1/A.7.5.2.1
	Setup#1

	21B
	SA interruptions at UL carrier RRC reconfiguration
	Ericsson
	TS38.133 A.6.5.2.1/A.7.5.2.1
	Setup#1

	21C
	SA interruptions due to Active BWP switching
	CATT
	TS38.133 A.6.5.2.1/A.7.5.2.1
	Setup#1

	26A
	NR-NR Handovers
	Intel
	TS38.133 A.6.3.1/A.7.3.1
	TBD

	26B
	NR handovers to other RATs
	ZTE
	TS38.133 A.6.3.1/A.7.3.1
	Setup#1

	29A
	Beam management: L1-RSRP reporting
	Huawei
	TBD
	TBD

	29B
	Beam management: Beam failure detection and link recovery procedure
	Nokia
	TBD
	TBD

	31
	Intra-freq RSRQ accuracy for FR1 and FR2
	LGE
	TS38.133 A.4.7.2/ A.5.7.2/A.6.7.2/A.7.7.2
	TBD

	32
	Inter-freq RSRQ accuracy for FR1 and FR2
	Samsung
	TS38.133 A.4.7.2/ A.5.7.2/A.6.7.2/A.7.7.2
	TBD

	34
	BWP switching interruptions on E-UTRA serving cells in EN-DC
	Mediatek
	TS36.133
	Setup#1

	35
	BWP switching delay
	Mediatek
	TS38.133 A.4.5.6/A.5.5.6/

A.6.5.6/A.7.5.6
	Setup#1

	36
	NR PSCell addition and release in EN-DC
	Qualcomm
	TS36.133
	TBD

	37
	UL carrier RRC reconfiguration delay
	Huawei
	TS38.133 A.4.5.4/A.5.5.4/

A.6.5.4/A.7.5.4
	N/A

	38
	SA RRC_Idle/inactive cell reselection NR to NR (FR1)
	
	TS38.133 A.6.1.1/A.6.2.1
	N/A

	39
	SA RRC Idle/inactive cell reselection NR to E-UTRAN (FR1)
	
	TS38.133 A.6.1.1/A.6.2.1
	N/A
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