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1 Introduction 
The new study on FR2 OTA testing enhancements was approved in RAN #95e meeting with the following objectives [1]:
	The objectives for FR2-1 OTA testing for UEs with multi-panel reception and 4DL layer are as follows.

· Define a test methodology for RF/RRM/Demodulation requirements testing for devices that can receive simultaneously from multiple Angle of Arrival (AoA)
· The multiple AoA test setup should enable testing of up to 2 DL Layers with dual polarization for each angle
· For RRM, the target should be to allow testing of 4 AoAs with 2 simultaneously active AoAs 
· Define a test methodology for up to 4 DL MIMO layer demodulation testing
· Note: Revisit whether or not to include the case of transmitting simultaneously in RAN#97
· Note: Revisit whether or not to include other number of AoAs in RAN#97
· Smartphone form factor should be the first priority, other UE types should also be discussed as 2nd priority
· Develop the related preliminary uncertainty assessments for the test methodologies
· FR2 test methods defined in TR 38.810 and TR 38.884 should be used as the baseline. 
· The tests shall take the test system reuse, test system complexity and test time into account to keep the whole test costs within a reasonable level.



In this paper, we will provide our considerations for test methodology for FR2 UE with multi-panel.
2 Discussion 
2.1 Test methodology for UE RF requirements
Per UE RF objectives, RAN4 will define the test methodology enabling testing with at least 2 simultaneous AoAs. For each AoA, dual-polarized measurement antenna is needed. As approved in [2], the core RF requirements would be mainly for spherical coverage. From testing point of view, the test measurement should be able to test the pair-wise dual beams, i.e., supporting AoA1 3D scan when fixing AoA2 and vice versa.
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Figure 1: Example for UE RF requirements testing

Therefore, two measurement antennas are needed, and the positioning system such that the angle between each dual-polarized measurement antenna and the DUT might need to have at least two axes of freedom independently. The feasibility of supporting two measurement antennas with two axes of freedom independently needs to be checked by test equipment vendors.
Observation 1: To enable the UE RF requirements testing, two measurements antennas are needed, and the positioning system such that the angle between each dual-polarized measurement antenna and the DUT might need to have at least two axes of freedom independently.
Proposal 1: The feasibility of supporting two measurement antennas with two axes of freedom independently needs to be checked test equipment vendors. 
The measurement setup should reuse the legacy measurement step, i.e., DFF and IFF as much as possible. For each AoA, the test procedure for EIS1/2 (EIS at AoA1/AoA2) should be reused from legacy EIS test procedure defined in TR 38.810.
Proposal 2: The measurement setup should reuse the legacy measurement step, i.e., DFF and IFF as much as possible. For each AoA, the test procedure for EIS1/2 should be reused from legacy EIS test procedure defined in TR 38.810.
In [1], one of the check points is to revisit whether or not to include the case of transmitting simultaneously in RAN#97. The UL multiple panel transmission has been included in the Rel-18 NR MIMO Evo WID which has been approved in [3] during RAN#94e. The following statements are related to the UL multiple panel transmission:
6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)

Therefore, considering the forward compatibility, it is worth to specifying the test methodology for RF requirements enabling the testing for both multi-panel UL transmission and multi-panel DL reception. From testability point of view, there should be no issue to support both UL and DL testing by using the same measurement setup. For example, the measurement antenna for the legacy test setup has been able to support UL and DL RF requirements testing. With above, we have the following proposal:
Proposal 3: RAN4 to specify the test methodology for RF requirements enabling the testing for both multi-panel UL transmission and multi-panel DL reception.
2.2 Test methodology for UE RRM requirements
For RRM, the target should be to allow testing of 4 AoAs with 2 simultaneously active AoAs. Therefore, the baseline is TDM transmission between 2 AoAs and 2 AoAs pairs. In the legacy measurement setup for RRM testing, the test setup shall enable 30°, 60°, 90°, 120°, 150° and 180° angular relationships between simultaneously active 2 AoAs. While for multi-panel UE, as shown in Figure 2, there will be 4 AoAs and the angular offset should be defined for two beam pairs rather than two AoAs. Therefore, the definition of angular offset for multi-panel UE RRM testing would be different from legacy RRM test setup. And how to select the beam pair would depend on the RRM core requirements discussion.
Observation 2: The definition of angular offset for multi-panel UE RRM testing would be based on the beam pairs which is different from legacy RRM test setup. The legacy measurement setup with 30°, 60°, 90°, 120°, 150° and 180° angular would lead to improper beam pair selection.
Hence, for another check point in [1] which is to revisit whether or not to include other number of AoAs in RAN#97, our view is to consider more flexibility on the angular offset for multiple panels to avoid the improper beam pair selection. 
Proposal 4: RAN4 to consider more flexibility on the angular offset for multiple panels for UE RRM requirements testing.
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Figure 2: Example for UE RRM requirements testing
2.2 Test methodology for UE demodulation requirements
For UE demodulation requirements testing, the virtual cable approach should be the baseline for multiple panels UE demodulation testing saying the only pure baseband performance shall be tested. For legacy test method, the AoA selection for 2-layer demodulation is defined in TS 38.101-4 which are EIS based and RSRPB based:
· EIS based: Select the known Rx beam peak direction reused from RF testing if available, as far as it satisfies the minimum isolation requirement defined in TS 38.521-4 and rank number in TS 38.521-4 corresponding to the test cases.
· RSRPB based: Otherwise select one direction which satisfies the REFSENS defined in TS 38.101-2, minimum isolation requirement defined in TS 38.521-4 and rank number in TS 38.521-4 corresponding to the test cases.	
The key issue for 4-layer demodulation testing is how to select the beam pair. Ideally, the best beam pair can be found by 3D scan for 2 AoAs but it will use huge testing time. 
Proposal 5: The virtual cable approach should be the baseline for multiple panels UE demodulation testing saying only pure baseband performance shall be tested for UE with multiple panel reception.
Proposal 6: RAN4 to further study how to select the beam pair for UE demodulation requirements testing.
3 Conclusions
This contribution provided our considerations on test methodology for FR2 UE with multi-panel and the following observations and proposals are made:
Observation 1: To enable the UE RF requirements testing, two measurements antennas are needed, and the positioning system such that the angle between each dual-polarized measurement antenna and the DUT might need to have at least two axes of freedom independently.
Proposal 1: The feasibility of supporting two measurement antennas with two axes of freedom independently needs to be checked test equipment vendors. 
Proposal 2: The measurement setup should reuse the legacy measurement step, i.e., DFF and IFF as much as possible. For each AoA, the test procedure for EIS1/2 should be reused from legacy EIS test procedure defined in TR 38.810.
Proposal 3: RAN4 to specify the test methodology for RF requirements enabling the testing for both multi-panel UL transmission and multi-panel DL reception.
Observation 2: The definition of angular offset for multi-panel UE RRM testing would be based on the beam pairs which is different from legacy RRM test setup. The legacy measurement setup with 30°, 60°, 90°, 120°, 150° and 180° angular would lead to improper beam pair selection.
Proposal 4: RAN4 to consider more flexibility on the angular offset for multiple panels for UE RRM requirements testing.
Proposal 5: The virtual cable approach should be the baseline for multiple panels UE demodulation testing saying only pure baseband performance shall be tested for UE with multiple panel reception.
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