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1.	Introduction
In RAN4#94-e meeting, the scenario and framework of dynamic geometry-based MIMO OTA testing was discussed in [1]. During the meeting, several technical aspects on dynamic geometry-based testing were discussed. But since companies mainly targeted to complete static testing part, there were not so much discussion on the details of dynamic testing. With that, the following WF for FR2 dynamic testing was agreed in [2]: 
· 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.
Therefore, we’d like to further discuss FR2 dynamic testing in this meeting. According to the SID [3], the following two related objectives are included:
· MIMO throughput under dynamic geometry environment is the second priority
· Extension of Rel-15 RRM tests to include dynamic geometry
The common framework for RRM and MIMO throughput testing under dynamic environment is discussed in [4]. To explain the concept of dynamic testing, we provide more details on dynamic MIMO throughput testing in this contribution and compare it with current static MIMO OTA test methodology. Then several aspects are proposed to be further studied in MIMO OTA SI.
2. 	Discussion
In the real field, UE can arbitrarily rotate or move around which is termed as dynamic environment. In FR2 network, beam management is one of key techniques to keep stable link connectivity and enable high data throughput when UE is in dynamic environment. However, in the current static MIMO throughput testing, UE beam management behaviour is not thoroughly verified. For example, in the current test scenarios, Doppler effects in the channel model are only used for Time-varying fading channel generation. In other words, spatial relation between DUT and TE probe(s), e.g. (Z)AoA and (A)AoD, doesn’t change during a test though fading channel varies over time. It is an unrealistic assumption for handheld devices, especially for FR2 handheld which usually uses a narrow beam width for data transmission. Moreover, in each test point, the measurement results are collected after enough dwell time (e.g. at least 3sec in RAN5). This dwell time gives DUT enough time to change the beam direction, acquire the beam and refine the beam which is an ideal condition and far from real user scene.
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Figure 1: Framework of static geometry-based MIMO OTA Testing
Figure 1 shows current FR2 framework of static MIMO throughput testing, and the test procedure can be simply summarized as below.
1) Setup the connection between DUT and SS.
2) Position the UE based on the test point gird (Total test points number is 36)
3) Wait for dwell time.
4) Measure MIMO OTA throughput from one test point. MIMO OTA throughput is the minimum downlink power resulting in a target throughput value of the maximum theoretical throughput.  
5) Repeat the test from step 2 to step 4 until all the test points are tested.
Note that here “Initialize” phase include the period of positioning UE and also dwell time. Therefore, we can observe that UE throughput is only tested during T period after it has a stable beam. In other words, the current static test methodology provides the enough time for UE to complete the Rx beam acquisition and refinement. This could not verify the UE throughput as in real user scene.
Observation 1: The current static MIMO throughput test methodology cannot properly verify the performance of UE with different beam acquisition and refinement capabilities.
With observation 1, we can note that even if UE passes the current conformance test requirements, due to the restriction on the current static test mechanism, there is a high chance that UE encounters degradation and instability on throughput performance in the real field. In order to cope with those potential risks, UE throughput performance should be verified under a dynamic geometry-based MIMO OTA test environment. Then we have the following observation:
Observation 2: In order to cope with potential risks in the real field, UE performance should be verified under a dynamic geometry-based MIMO OTA test environment. 
In order to emulate real environment-like dynamic testing, we might need to change (Z)AoA, (A)AoD and even pathloss based on a pre-defined UE trajectory during the testing. But this could be complicated and cost-prohibitive to implement. Therefore, from our point of view, we can start with a simple UE trajectory in which only UE rotation is changed during the test. That means the serving gNB/SS DL beam doesn’t change but UE Rx beam needs to be updated corresponding to the different test directions. 
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 throughput OTA Testing. Other scenarios are FFS.
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Figure 2: Framework of dynamic geometry-based MIMO OTA Testing
Figure 2 shows the potential framework of FR2 dynamic MIMO throughput testing. And the main difference between static and dynamic testing is that UE throughput including period of positioning UE, dwell time will also be collected (T1+T2). Note that here “Initialize” phase has the same meaning with static testing in Figure 1. And the test point in dynamic testing can be randomly selected from a pre-defined measurement grid. The measurements grid could be the same as static testing i.e. 36 test points or based on a new measurement grid in case there are blocking issues due to positioner near the pole[4] [5].
Then we can have the following table to compare the common and different aspects for these two frameworks.
Table 1: Common and Different aspects
	Common 
	Different 

	· Measurement setup (3D-MPAC)
- placement of [6] probes
- measurement grid and [36] test directions
· Channel model (TS38.827)
- including all large-/small-scaling fading parameters
· gNB station configuration
- 1 TRP and fixed the Tx beam direction
· Channel validation procedure
	· Test and/or measurement direction selection
- rotation interval, rotation angle per interval, rotation delay, etc.
· Additional positioner requirements
- e.g. speed, acceleration, accuracy
· Additional MU budget
- due to positioner and orientation update
- FFS
· RMC
- may need new RMCs
- fixed RMC for the starting point
· Performance metric
- new performance metrics (pass/fail criteria)
· FFS



Therefore, for UE orientation rotation-based MIMO OTA throughput testing, we propose to discuss the following aspects in RAN4.
Proposal 2: UE orientation rotation-based MIMO OTA throughput testing, the following aspects will be discussed
1) The framework for dynamic geometry-based MIMO OTA throughput testing
2) Test and/or measurement direction selection including rotation interval, rotation angle per interval, rotation delay, etc.
3) Additional positioner requirements including speed, acceleration, accuracy, etc.
4) Additional MU budget
5) RMC (if new RMC is needed)
6) New Performance metric, e.g. MIMO throughput deviation, and/or maintaining the link during the testing.
7) Other aspects if needed
3.	Conclusion
In this paper, we provide the details on UE orientation rotation-based MIMO OTA throughput testing and analyse the benefits on introducing this dynamic methodology for FR2 MIMO throughput testing. We the following observations and proposals:
Observation 1: The current static MIMO throughput test methodology cannot properly verify the performance of UE with different beam acquisition and refinement capabilities.
Observation 2: In order to cope with potential risks in the real field, UE performance should be verified under a dynamic geometry-based MIMO OTA test environment. 
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 throughput OTA Testing. Other scenarios are FFS.
Proposal 2: UE orientation rotation-based MIMO OTA throughput testing, the following aspects will be discussed
1) The framework for dynamic geometry-based MIMO OTA throughput testing
2) Test and/or measurement direction selection including rotation interval, rotation angle per interval, rotation delay, etc.
3) Additional positioner requirements including speed, acceleration, accuracy, etc.
4) Additional MU budget
5) RMC (if new RMC is needed)
6) New Performance metric, e.g. MIMO throughput deviation, and/or maintaining the link during the testing.
7) Other aspects if needed
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