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1.	Introduction
As a part of MIMO OTA SI [1], dynamic geometry-based MIMO OTA testing framework was proposed [2] in RAN4#94-e meeting. During the first round of email discussion, there were several technical comments back-and-forth. And in the second round, we discussed how to proceed with this second priority objective going forward and whether/what to capture in TR38.827. After some view exchanges over emails, the following was captured in the agreed WF [3]:
· A dynamic geometry-based MIMO OTA testing approach has not been thoroughly studied as the second priority in the SI. 
· Clarification of the FR2 test method is not for dynamic testing can be added in the TR38.827 test method part.
In this contribution, we reiterate the importance of dynamic geometry-based MIMO OTA testing, and provide further explanation and examples to facilitate technical discussion and invite companies to provide more views based on their area of expertise. Based on the proposed dynamic geometry-based test systems, our companion contribution [5] provides more details about dynamic geometry-based MIMO OTA T-put testing.
2. 	Discussion
As is well known, one of the key enablers for high data throughput and stable link connectivity in FR2 is beamforming and beam management techniques, which, therefore, should be thoroughly verified by test requirements. However, in the current RRM and Static MIMO OTA Throughput(T-put) test cases, UE beam management behaviour is not carefully considered. In Figure 1, four distinct locations are shown which the current test cases and requirements can roughly emulate.
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Figure 1. An Illustration of the Current Test Scenario and its Coverage

· The current static-geometry based mechanism can cover
· UE mobility performance in (A) using RRM requirements
· UE beam management performances in (B) and (C) using SSB-based and CSI-RS based BFD/LR requirements
· The on-goging MIMO OTA T-put testing mechanism will cover
· UE static T-put performance in (D) using [36] test directions in each of which DUT initializes T/Rx beam coefficients
It should be noted that for all (A) - (D), DUT is given enough dwell time (at least 3sec in RAN5) for new T/Rx beam re-obtain/refinement. In other words, the most crucial part that determines user experience is excluded from performance assessment. This observation will make infra and real end users uncomfortable with FR2 handheld devices.
Observation 1: The current static test mechanism does not assess UE performance when UE is expected to refine parameters pertaining to beam management, which may lead to an overestimate

We also reiterate that even the most advanced test case in terms of the number of concurrent testing directions and procedure does have a similar restriction. Figure 2 shows one of the current static RRM FR2 tests with multiple active probes, and the test procedure can be summarized as below.
1) Before the test, EIS spherical coverage is evaluated to find valid test directions for the test.
2) Two probes in the set of directions corresponding to the EIS spherical coverage percentile of the DUT as defined in clause 7.3.4 of TS 38.101-2 [19] for each UE power class are activated at the beginning of initialization preceding the corresponding test. The relative angular offset between the directions of the 2 active probes shall be changed for each test iteration according to Table 3.15.3-1 in TS38.133.
3) During initialization procedure, UE searches SSB and starts an attachment procedure. In this procedure, UE trains wide and/or narrow Rx beams.
4) Conduct beam failure detection and link recovery test.
5) Goes back to step 2, and repeat steps 2-4 for all subtests until the confidence level defined in corresponding RAN5 spec is achieved.
6) Declare test results.
Note that during T3 period (at around point C) in step 3, UE shall detect beam failure and initiate link recovery. In other words, the current test condition and procedure always explicitly initiates UE beam scan and provide a sufficient amount of time for UE to complete new SSB detection and train Rx beam acquisition and refinement. This may allow UE to not proactively and immediately readjust its beam to pass the test. It should also be noted that the test case in Figure 2 is the most advanced of all test cases defined by RAN4 in terms of number of AoAs and combination of test directions.
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Figure 2. The Current Static Test Mechanism for Beam Failure Detection and Link Recovery Test for FR2 PCell configured with SSB-based BFD and LR in non-DRX mode (TS38.133)

Observation 2: The current static test mechanism cannot properly filter out UEs that do not proactively readjust their beams with a small delay.

Even if UE passes the current conformance test requirements, due to the aforementioned restriction on the current static test mechanism, there is a high chance that the UE encounters unstable RRM, RLM, and throughput performance degradation in the real field where UE can arbitrarily rotate or move around, which may result in a waste of energy and resources on the system side. In order to cope with those potential risks, overall UE performance should be verified under a dynamic geometry-based MIMO OTA test environment. Therefore, the RRM and Demod test cases under dynamic geometry environment should be specified. On the other hand, there are concerns that real environment-like tests can be complicated and cost-prohibitive to implement. According to a recently published paper [4] which explores the spatial sparsity of mmWave channel profiles and proposes a cost-effective simplified 3D MPAC system for dynamic geometry-based OTA testing, we believe standards will be able to find more ways to resolve those concerns in such a way that dynamic geometry-based test setup becomes more practical with a reasonable cost increase.
To that end, we first need to define proper scenarios and see which aspects have not been covered by the current conformance tests.
1) Virtual UE travel trajectory-based channel parameters and/or a physical spatial relation between DUT and probe(s) updates
· Even though UE mobility, (Z)AoA, (Z)AoD, and XPR (cross polarization power ratios) are considered in link level CDL channel model, a physical relation between probe(s) and DUT in the spatial domain does not change accordingly during a test in the current test procedure.

2) Required number of probes
· As describes in [2], depending on channels that UE experience during a test, multiple probes may need to be activated concurrently or alternately.

A concern about the second aspect that testing complexity would prohibitively increase can be partially mitigated by approximating channel parameters as suggested in [4]. Besides, if we simplify UE trajectory of the first aspect and consider UE orientation rotation as the only parameter that needs to be at least updated during a test, an increase of test complexity will be still manageable. As a starting point, we can consider “orientation-ration” based dynamic-geometry based MIMO OTA testing as illustrated in Figure 3.
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Figure 3. An Illustration of “Orientation-rotation” based Dynamic Geometry-based MMO OTA Test
In the above example, a test consists of N Test points, each of which measures UE performance from different UE orientation. When a test of n-th Test point starts, UE orientation is rotated by, e.g. 30- or 90-deg., within T1 msec, then it remains the same for T2 msec. In this test procedure, the UE won’t be given a enough dwell time before performance measurement at the given direction as opposed to 3sec of beam dwell time in the current static geometry-based test.
Proposal 1: A scenario where at least UE orientation is rotating over time during a test iteration should be considered for dynamic geometry-based MIMO OTA Testing. Other scenarios are FFS.

When the UE is not given a enough beam dwell time, UE may experience unstable signal strength/quality and as a consequence, UE performances in terms of link connection/disconnection, demodulation, measurement accuracy, and so on can be observed, which can be used as performance verification metrics.
Proposal 2: In dynamic geometry-based MIMO OTA test, the following aspects can be considered as performance verification metrics.
· Established link connection/disconnection statistics
· L1 and/or L3 based measurement accuracy statistics
· Performance deviation statistics, e.g. MIMO T-put
· FFS

As dynamic geometry-based MIMO OTA testing updates UE orientation/alignment during a test, there will be some aspects that we haven’t extensively explored and need to be studied to see whether and how much additional impact the test system can cause.
Proposal 3: For dynamic geometry-based MIMO OTA test, RAN4 to discuss and identify what aspects should be studied, for instance,
· How to rotate UE orientation during a test, e.g. rotation interval, rotation angle per interval, rotation delay, etc.
· Signal blocking impact due to pedestal and/or positioner
· How to verify test systems
· Measurement grid
· Restriction on Test direction, i.e. UE orientation
· How to define performance requirements
· FFS
3.	Conclusion
After thoroughly going through the current conformance test cases, we concluded that even the most advanced test in terms of number of AoAs and combination of test directions does not change any spatial relation during a test iteration.
Observation 1: The current static test mechanism does not assess UE performance when UE is expected to refine parameters pertaining to beam management, which may lead to an overestimate
Observation 2: The current static test mechanism cannot properly filter out UEs that do not proactively readjust their beams with a small delay.
In order to verify overall UE performance incorporating UE beam management performance which is the most essential and distinct property of FR2 while mitigating testing complexity increase, we proposed:
Proposal 1: A scenario where at least UE orientation is rotating over time during a test iteration should be considered for dynamic geometry-based MIMO OTA Testing. Other scenarios are FFS.
Proposal 2: In dynamic geometry-based MIMO OTA test, the following aspects can be considered as performance verification metrics.
· Established link connection/disconnection statistics
· L1 and/or L3 based measurement accuracy statistics
· Performance deviation statistics
· FFS
Proposal 3: For dynamic geometry-based MIMO OTA test, RAN4 to discuss and identify what aspects should be studied, for instance,
· How to rotate UE orientation during a test, e.g. rotation interval, rotation angle per interval, rotation delay, etc.
· Signal blocking impact due to pedestal and/or positioner
· How to verify test systems
· Measurement grid
· Restriction on Test direction, i.e. UE orientation
· How to define performance requirements
· FFS
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Figure A.7.5.5.1.1-1: SNR variation SSB for SSB-based beam failure detection and link recovery
testing in non-DRX mode
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