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1. Introduction
At the last RAN4 meeting, AoA setup for OTA test in FR2 was discussed, and introducing at least one test case with 2 AoA setup, e.g. cell search, was agreed. However, whether 2 AoA setup applies to other test cases, e.g. RLM and BM, is still under discussion. In this contribution, we provide our views on AoA setup for FR2 RRM test cases.
2. Discussion
At the RAN4#89, following agreements were made in [1], and test case lists for phase 1 and phase 2 are shown in Table 1 and Table 2.
	Agreements on number of AoAs in Phase I and Phase II RRM tests in Rel-15:
· Test case scenarios 1 and 2 will be done with 2AoA in non-DRX.
· Test case scenarios 7, 9 and 29A in non-DRX need further analysis whether 2AoA is necessary.
· Whether test case scenarios 7, 9 and 29A with 2AoA are needed can be further discussed in Q1 based on analysis.
· Other test case scenarios will be done with 1AoA. 
· Test case scenarios with 2AoA will be developed from Q1 2019.
· All other phase I and phase II tests (with 1 AoA) are expected to be completed in this meeting.



Table 1: Phase 1 test case list
	Test case number
	Test purpose

	1
	EN-DC cell search and L1 measurement period 

	2
	SA cell search and L1 measurement period

	3
	EN-DC Timing accuracy and adjustment

	4
	SA Timing accuracy and adjustment

	5
	EN-DC TA accuracy

	6
	SA TA accuracy

	7
	EN-DC SSB RLM for PSCell IS and OOS

	9
	SA SSB RLM for PCell IS and OOS

	10
	Random access

	11
	Intra-frequency RSRP accuracy for FR1 and FR2

	12
	EN-DC SCell activation/deactivation delay

	13A
	EN-DC CSI RLM for PSCell

	13B
	SA CSI RLM for PCell

	14A
	EN-DC interruptions due to DRX transition

	14B
	EN-DC interruptions due to deactivated SCell operations

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

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

	18A
	EN-DC NR inter-frequency measurement

	18B
	SA NR inter-frequency measurement

	19
	Inter-frequency RSRP accuracy for FR1 and FR2

	20A
	EN-DC interruptions at UL carrier RRC reconfiguration

	20B
	EN-DC interruptions due to active BWP switching



Table 2: Phase 2 test case list
	Test case number
	Test purpose

	21A
	SA interruptions at SCell addition/release/activation/deactivation

	21B
	SA interruptions at UL carrier RRC reconfiguration

	21C
	SA interruptions due to Active BWP switching

	26A
	NR-NR Handovers

	26B
	NR handovers to other RATs

	29A
	Beam management: L1-RSRP reporting

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

	31
	Intra-freq RSRQ accuracy for FR1 and FR2

	32
	Inter-freq RSRQ accuracy for FR1 and FR2

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

	35
	BWP switching delay

	36
	NR PSCell addition and release in EN-DC

	37
	UL carrier RRC reconfiguration delay



At the last RAN4 meeting, AoA setup for RRM OTA test cases in FR2 was discussed, and introducing at least one test case with 2 AoA setup in Rel.15 was agreed. From operator’s point of view, 2 AoA test is important to guarantee overall system performance including Rx beam switching perspective. In FR2, RRM requirements have been defined based on the assumption that UE utilizes analogue beamforming for transmission and reception of any signals. Considering UE behaviour in the real field, UE would switch monitored TRP-Tx beam based on NW indication and perform Rx beam switching accordingly for cell search, RSRP measurement, RLM, beam management, and so on. Therefore, UE test reflecting different signal directions, i.e. 2 AoA setup, needs to be applied in order to verify required UE performance. 
Observation 1: From operator’s point of view, test cases with 2 AoA setup are important to guarantee overall FR2 system performance including UE Rx beam switching perspective.
In addition, RRM requirements in FR2 are derived from taking Rx beam sweeping aspects into consideration, e.g. scaling factor N related to Rx beam sweeping. If single direction, i.e. single AoA setup, applies to the test cases which have core requirements assuming UE Rx beam sweeping, UE would easily pass such tests. That is because UE could utilize a certain Rx beam during the whole test in spite of relaxed requirements considering Rx beam sweeping.
Observation 2: UE would easily pass some tests if the test cases which have core requirements assuming UE Rx beam sweeping are specified with single AoA setup.
[bookmark: _GoBack]Generally speaking, all test cases which have core requirement assuming Rx beam sweeping, e.g. N in cell identification requirements, should be tested with 2 AoA setup. As argued from some companies, however, narrowing down test cases which are specified with 2 AoA setup would be needed because of limited time slots for Rel.15. Thus, which test cases should be tested with 2 AoA setup was discussed, and it was agreed that at least test case for cell search would be done with 2 AoA setup. From our point of view, RAN4 should specify test cases with 2 AoA setup not only for RRM measurement like cell search but also for serving cell measurement including RLM and BM.
In terms of RRM measurement including cell search, measurement delay requirement was derived based on the assumption that UE would always perform Rx beam sweeping. This fact means that UE switch Rx beam on each measurement sample, i.e. SSB symbols. Then, UE perform synchronization, detection of Cell ID, and so on. Therefore, in order to verify actual UE performance on RRM measurement, Rx beam switching perspective should be tested in addition to pure baseband performance. From this point of view, UE test with 2 AoA setup is needed for at least one test case of RRM measurement. On top of that, necessity of 2 AoA test for serving cell measurement including RLM and BM should be considered. 
At the last RAN4 meeting, some companies argued that only one test case would be enough to confirm UE performance including Rx beam sweeping perspective, but the argument would be questionable since it would not be consistent with the discussion on the RRM core requirements. When RAN4 defined requirements for RLM and BM, some companies insisted that UE would utilize different Rx beam for serving cell measurement from neighbour cell measurement. In other words, UE needs to perform Rx beam sweeping for serving cell measurement even though UE performs Rx beam sweeping during RRM measurements and UE might have some knowledge about the suitable Rx beam. This means that functionality regarding Rx beam sweeping would be different between for RLM/BM and for RRM measurement, e.g. different codebook, different antenna panel/elements, and so on. Hence, Rx beam sweeping functionality for serving cell measurement should be guaranteed by applying 2 AoA setup to at least one of the RLM and BM test cases in addition to RRM measurement test.
Observation 3: In the discussion on RRM core requirements, it was assumed that UE would utilize different Rx beam for serving cell measurement, e.g. RLM and BM, from RRM measurement, e.g. cell search.
Observation 4: Based on Observation 3, considering Rx beam sweeping perspective for serving cell measurement, UE would need to be tested with 2 AoA setup.
Proposal 1: At least one of the RLM and BM test cases should be specified with 2 AoA setup in addition to cell search test case.
3. Conclusion
In this contribution, we provide our views on AoA setup for FR2 RRM test cases, and we made following observations and proposal.
Observation 1: From operator’s point of view, test cases with 2 AoA setup are important to guarantee overall FR2 system performance including UE Rx beam switching perspective.
Observation 2: UE would easily pass some tests if the test cases which have core requirements assuming UE Rx beam sweeping are specified with single AoA setup.
Observation 3: In the discussion on RRM core requirements, it was assumed that UE would utilize different Rx beam for serving cell measurement, e.g. RLM and BM, from RRM measurement, e.g. cell search.
Observation 4: Based on Observation 3, considering Rx beam sweeping perspective for serving cell measurement, UE would need to be tested with 2 AoA setup.
Proposal 1: At least one of the RLM and BM test cases should be specified with 2 AoA setup in addition to cell search test case.
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