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1.	Introduction
In RAN4#104e-bis meeting, the 2AoA RF test setup was extensively discussed. It was agreed that full degree of freedom for 2AoAs is not pursued in Rel-18 considering test complexity, so “Full set AoA1 + Full set AoA2” is excluded. The prioritized options on the table are all focusing on “Full set AoA1 + non-full-set AoA2” [1].
In this contribution, our views on the detailed RF test setup options are presented. Moreover, the relationship with core requirements is also discussed.
2. 	Discussion
2.1	test setup discussion
In last RAN4 meeting, the reference coordination system of AoA is clarified to align the understanding on the same page. When mentioning fixed AoA or variable AoA, it should be highlighted the reference is with respect to test chamber or with respect to UE.
Depending on different angular offset(s) between AoA1 and AoA2, there are 3 kinds of test setup options:
	Issue 1-1-2: Offset between AoA1 and AoA2
· Proposals: It is suggested to further discuss the following options and to align the understanding between test method SI and core requirements WI:
· Option 1: Fixed Angular Offset(s) between AoA1 and AoA2 in the chamber. The angular separation between AoA1 and AoA2 is NOT changing during the testing mapping to option 2a in issue 1-2-1
· Option 2: Variable Angular Offset(s) between AoA1 and AoA2 in the chamber where AoA2 is fixed with respect to the UE during the test. The angular separation between AoA1 and AoA2 is changing during the testing mapping to option 2b in issue 1-2-1
· Option 3: Full degrees of freedom for AoA1 with partial freedom of variable angular offset(s) between AoA1 and AoA2 mapping to option 2c in issue 1-2-1
· Agreements:
· Depends on the outcome of Issue 1-2-1. Need further discussion in next meeting.



The 3 angular offset(s) options are mapping to different test setup options 2a/2b/2c in Issue 1-2-1 respectively:
	[bookmark: _Hlk116848893]Issue 1-2-1: Measurement setup for UE RF testing 
· Proposals: companies to provide the views on the following options
· Option 2:  Consider a test system with full rotational freedom for AoA1 and with fixed, discrete AoA2s. 
· Option 2a: Full degrees of freedom for AoA1 with fixed angular offset(s) between AoA1 and AoA2. The legacy RRM and FR2 MIMO OTA test setup can be considered as baseline. The example illustration is shown below. 

[image: ]
Figure 2a: Example illustration 

· Option 2b: Full degrees of freedom for AoA1 with variable angular offset(s) between AoA1 and AoA2. The example illustrations are shown below. 

[image: ][image: ]
				(Figure 2b-1a)                                       (Figure 2b-1b)
Figure 2b-1: Example illustration -1
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			(Figure 2b-2a)                                                                       (Figure 2b-2b)

Figure 2b-2: Example illustration -2 (Note: Anchor probe is not fixed before the test and can be adjusted in orientation)
· Option 2c: Full degrees of freedom for AoA1 with partial freedom of variable angular offset(s) between AoA1 and AoA2, e.g., Relative angular separation between Anchor and DUT kept constant in Theta but not Phi. The example illustration is shown below. 
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Figure 2c: Example illustration
· ……
· Agreement: 
· Option 2 including option 2a/2b/2c as baseline, companies are encouraged to bring analysis considering both test feasibility and alignment with the agreements from RF core WI
· Option 4 low priority, which only can be considered if no other feasible solutions. 



For option 2a (fixed angular offset(s)), it is not enough to just reuse RRM probes which is a 2D sparse AoA2 arrangement. To maintain the link in AoA2 direction in whole 3D sphere, much more probes distributed in 3D sphere is required.
Observation 1:	Option 2a requires much more probes distributed in 3D sphere than legacy RRM configuration which is 2D probe distribution
It is also quite different from legacy FR2 MIMO OTA probe configuration. Actually, current option 2a is the probe configuration which was given up in FR2 MIMO OTA discussion. Refer to the discussion paper [R4-2016210], it was agreed to rotate the probes towards the z axis (from y axis) so that the DL directions perceived by the DUT are three dimensional as intended.
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Figure 1. FR2 MIMO OTA probe location correction from y axis to z axis (left: discarded; right: final adopted)
Now the option 2a is similar with the discarded MIMO OTA probe configuration (left figure in above), that is, the probes are along y axis and theta angle is around 90°. The problem of this probe configuration is that the traditional UE rotation system could not perform a full 3D scan but just a 2D scan around the circle of theta=90°. That’s why finally the MIMO OTA probes are changed to along z axis.
Observation 2:	Option 2a probe location of AoA2 is not a full 3D scan with respect to UE with legacy rotation system, which is different from MIMO OTA final probe location.
Legacy UE rotation system is assuming AoA1 is located along z axis and theta=0°. So if AoA2 is located at theta=180°, the both AoA1 and AoA2 will share a full 3D scan. If AoA2 is located at theta=90°, it falls back to a 2D scan. For AoA2 probe located between theta angle 0° and 90° or between 90° and 180°, it is a scan between 2D and 3D with respect to UE.
Observation 3:	for Option 2a, if AoA2 probe is located at theta=90°, it is a 2D scan with respect to UE; if AoA2 probe located at theta=0° ~ 90° or theta=90° ~ 180°, it is a scan between 2D and 3D with respect to UE.
For option 2c, more freedom is allowed in theta angle and only one probe is needed, however, AoA1 and AoA2 will be only along the theta great circle ( i.e. great circle passing two points with different theta value), and there is no case available for other great circle (e.g. great circle passing two points with different phi value). That means the UE’s 3D performance under 2AoA is not fully verified.
Observation 4:	for Option 2c, AoA1 and AoA2 will be only along the theta great circle ( i.e. great circle passing two points with different theta value), and there is no case available for other great circle (e.g. great circle passing two points with different phi value)
For option 2b, the advantage is that the anchor probe AoA2 is a stable direction with respect to UE, so that the measurement probe AoA1 could measure EIS stably and the test result repeatability is good. And it also could address the different angle separation scenario in practical network. The anchor direction of AoA2 can be based on UE declaration and two directions could be declared to avoid small AoA angel separation issue.
Based on above discussion, we think the best choice is option 2b. Option 2b is a full 3D verification and also accommodates different scenarios between AoA1 and AoA2. Different variants of option 2b can be further discussed.
Proposal 1:	It is proposed to adopt option 2b which is a full 3D verification and also accommodates different scenarios between AoA1 and AoA2. Different variants of option 2b can be further discussed.

2.2	relationship with core requirements
In last RAN4 meeting, there is agreement on relation between testing and core requirement in the thread for core WI FR2 Multi-Rx DL: “Requirement discussions need to consider testability issue so that the defined requirement can be properly verified” [3].
During the discussion in this FR2 OTA testability SI, the test setup selection also has dependence on core requirements.
Given the closely bundling between core WI and test SI, it is encouraged for OTA delegates to also participate the core requirement discussion regarding test setup etc. 
Proposal 2:	Given the closely bundling between core WI and test SI, it is encouraged for OTA delegates to also participate the core requirement discussion regarding test setup etc.
 
3. 	Conclusion
Observation 1:	Option 2a requires much more probes distributed in 3D sphere than legacy RRM configuration which is 2D probe distribution
Observation 2:	Option 2a probe location of AoA2 is not a full 3D scan with respect to UE with legacy rotation system, which is different from MIMO OTA final probe location.
Observation 3:	for Option 2a, if AoA2 probe is located at theta=90°, it is a 2D scan with respect to UE; if AoA2 probe located at theta=0° ~ 90° or theta=90° ~ 180°, it is a scan between 2D and 3D with respect to UE.
Observation 4:	for Option 2c, AoA1 and AoA2 will be only along the theta great circle ( i.e. great circle passing two points with different theta value), and there is no case available for other great circle (e.g. great circle passing two points with different phi value)
Proposal 1:	It is proposed to adopt option 2b which is a full 3D verification and also accommodates different scenarios between AoA1 and AoA2. Different variants of option 2b can be further discussed.
[bookmark: _GoBack]Proposal 2:	Given the closely bundling between core WI and test SI, it is encouraged for OTA delegates to also participate the core requirement discussion regarding test setup etc.
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otes:
AoA1 and Anchor probes in FF
Full degrees of freedom for Anchor
probe.
Relative angular separation between
Anchor and DUT is kept constant
during the test
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Notes:

+ AoAf in FF, while Anchors in NF

+ Anchor probes installed on 0 positioner of DUT,
i.e., anchor probes rotate in 0 together with
DUT rrows)

+ Anchor probes do not rotate in ¢, i.e., DUT
rotates in ¢ (purple arrows) with anchor probes
fixed in ¢

+ Relative angular separation between NF
Anchors and DUT kept constant in 6 but not ¢
during the test
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