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1.	Introduction
In RAN#95e meeting, the Rel-18 FR2 OTA enhancement work item was approved in [1] and the objectives are focusing on multiple AoA test as following:
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 contribution some initial considerations related with multiple AoA test method are presented, especially for RF test cases.
2. 	Discussion
The test methods for RF are all based on single AoA at a time, e.g. Direct Far Field, Indirect Far Field, or even combined methods of Far Field and Near Field, as indicated in TR38.810 and TR38.884. For 1AoA based 3D OTA test, the radio propagation path is only between a single active probe and a sole UE, therefore only the relative position between probe and UE matters. So the rotation of different measurement directions can be realized either by rotating probe or by rotating UE. Usually the rotation system is designed to rotate UE for convenience instead of rotating probe.
Observation 1:	for 1AoA based OTA test, the rotation system is usually designed with rotating UE instead of rotating probe
For 2AoA based OTA test, the situation is becoming more complicated. There are two radio propagation paths between twos probes and UE simultaneously, i.e. probe1  UE, and probe2  UE. There are three pairs of relative positions, i.e., the relative position between probe1&UE, probe2&UE, probe1&probe2. A traditional 3D rotation of UE could not stand for all possible relative positions among {probe1, probe2, UE}.
Observation 2:	the relative position among {probe1, probe2, UE} is more complicated than the relative position between {probe, UE}, so traditional UE rotation could not cover all measurement conditions in the new 2AoA based OTA test
In order to enable the enhanced FR2 OTA testing for UEs with simultaneous reception from directions, at least a 2AoA test setup is needed so more probes at TE side are necessary. Besides more probes, the rotation issue identified in Observation 2 is also a key issue to be addressed. So we think it should be considered to study new multi-probe test system targeted to enable the condition that the simultaneous reception/transmission paths to and from UE can be configured as any directions permutations by proper rotation system design.
Proposal 1:	it is proposed to study new multi-probe test system targeted to enable the condition that the simultaneous reception/transmission paths to and from UE can be configured as any directions permutations by proper rotation system design.
For traditional OTA methods based on 1AoA, the probe is usually placed at one side of UE. Taking IFF method as example as shown in Figure 1. The probe can be considered as located in the right hemisphere of the UE, namely probe1. To enable 2AoA OTA test, probe2 need to be added, and then the new rotation system and chamber size should guarantee that probe1 and probe 2 could appear not only in the same hemisphere of UE, but also could appear in different hemisphere of UE.
left hemisphere

right hemisphere



[image: ]probe2

probe1




Figure 1. Illustration of possible relative position among probe1, probe2 and UE

Proposal 2:	the rotation system and chamber for 2AoA OTA test should accommodate the scenario that probe1 and probe2 could show up in different hemisphere of UE.
It may be quite challenging to support such flexible rotation and relative position. At least for RF test cases, it may be not necessary to test all direction pairs. One potential way is to test one AoA by 3D scan while fix the direction of the untested AoA. In such case, the two probes are playing different roles, one for test and another for anchor. For the anchor probe, the far-field criteria, the path loss accuracy may not be so stringent, it is worth to check the feasibility of rotating UE and anchor probe together. Refer to Figure 2 for illustration, the UE and the anchor probe can be rotated as a whole. If this is feasible, traditional test system can be made use of as much as possible.
Proposal 3:	in 2AoA OTA test system, the two probes are divided into test probe and anchor probe. It is suggested to study the feasibility of rotating both UE and anchor probe as a whole.
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Figure. 2. Illustration of rotating UE and anchor probe as a whole

3. 	Conclusion
Observation 1:	for 1AoA based OTA test, the rotation system is usually designed with rotating UE instead of rotating probe
Observation 2:	the relative position among {probe1, probe2, UE} is more complicated than the relative position between {probe, UE}, so traditional UE rotation could not cover all measurement conditions in the new 2AoA based OTA test
Proposal 1:	it is proposed to study new multi-probe test system targeted to enable the condition that the simultaneous reception/transmission paths to and from UE can be configured as any directions by proper rotation system design.
Proposal 2:	the rotation system and chamber for 2AoA OTA test should accommodate the scenario that probe1 and probe2 could show up in different hemisphere of UE.
Proposal 3:	in 2AoA OTA test system, the two probes are divided into test probe and anchor probe. It is suggested to study the feasibility of rotating both UE and anchor probe as a whole.
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