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Introduction
This contribution is reviewing the positioning ambiguities when the re-positioning concept is applied to DUT measurements. 
Discussion
As highlighted in [1], the spherical coordinate system introduces ambiguities, i.e., two device orientations yield the same DUT coordinates.
	Additionally, it should be pointed out that the spherical coordinate system lends itself to another common ambiguity illustrated in Figure 1 for Option 2 sample test direction/test point #1 (theta, phi) of (45o, 90o); it should be pointed out that the same observation can be made for Option 1 and any other direction. The illustration on the right is the same illustration as in Error! Reference source not found. (top row, middle column) and used an AZ rotation (turntable) of 45o and a roll rotation of 90o. The illustration on the right also aligns test direction w.r.t. to the UE with the channel model coordinate z axis, which clearly highlights another ambiguity; here, an AZ rotation (turntable) of -45o and a roll rotation of -90o was used. Fortunately, this ambiguity could be avoided by limiting rotation angles to certain ranges. 
[image: ][image: ]
[bookmark: _Ref40198768]Figure 1: Illustration of positioning ambiguities (specifically for Option 2 and sample direction 1 (theta, phi) of (45o, 90o)
[bookmark: _Ref40199983][bookmark: _Ref40424342]Observation 2: The spherical coordinate system lends itself to a common ambiguity which could be avoided by limiting rotation angles to certain ranges.



For measurements using just a single probe at any given time, this ambiguity is not problematic since the relative orientation differences typically do not make a difference for conformance test cases since the relative orientation/phase shift does not affect the amplitude. However, for measurements using multiple probes simultaneously, the relative orientations between probes and the DUT have an impact on the measured MIMO OTA metric. Unfortunately, the group did not address the ambiguity issue when it was raised initially. 
[bookmark: _Ref70692879]Observation 1: Positioning ambiguities introduced by the spherical coordinate system generally do not affect measurements that utilize a single probe at any given time. 
A comment made in [2] during RAN4#98bis-e raised a concern regarding the re-positioning concept and the relative orientations. 
	Note however that there is a significant problem with the re-positioning concept unless it is made mandatory.  That’s because unlike the SISO tests, the cluster definition is asymmetric and thus flipping the DUT over flips the cluster over in the DUT coordinate system.  Thus, the full spherical vs. two hemisphere re-positioning approach are two completely different tests in the lower hemisphere of the DUT.


Based on offline discussions held during and following the meeting, it became obvious that the above comment relates to the previously highlighted ambiguities. We therefore believed it would be worthwhile highlighting the previously mentioned concerns regarding the ambiguities and to closely investigate whether the re-positioning concept is applicable to NR FR2 MIMO OTA testing. 
The default device, positioner, and probe orientation for the default DUT (q, f) of (0o, 0o) are illustrated in Figure 2 for the P0 Orientation 1 in two different views for one sample NR FR2 3D MPAC configuration. For simplicity, the DUT is illustrated as a cube with faces marked front, back, left, right, top, and bottom instead of the smartphone used in [3]. 
 [image: ][image: ]
[bookmark: _Ref70674116]Figure 2: Default DUT, positioner, and probe orientations for (q, f) of (0o, 0o)
Test point #30, highlighted in Table 1, was selected, which is in the 2nd hemisphere with q > 90o, i.e., this is where the optional re-positioning approach is applicable. 
[bookmark: _Ref70609704]Table 1: NR FR2 MIMO OTA Test Point List (excerpt from Table 6.2.3.2-1 of [3])
	Test Point Number
	Theta [deg]
	Phi [deg]

	1
	0.0
	0.0

	30
	128.8
	91.3

	36
	161.7
	59.1


When the positioner with motor AZ and Roll coordinates (-180o≤AZ≤180o, -180o≤Roll≤180o) from Figure 2 are adjusted to yield the DUT coordinates for Test Point #30, the DUT, positioner, and probe orientation for the sample 3D MPAC configuration is as illustrated in Figure 3. This configuration is labelled Configuration 1. Notice that the positioner is in the hemisphere with z>0 and introduces some blocking, i.e., the re-positioning concept is not applied. Two arrows have been added to illustrate the relative alignment of DUT and probes in the remainder of this contribution:
· The purple arrow illustrates the direction from Probe #1 to Probe #6 (pointing along y)
· The pink arrow illustrates the direction from bottom to top of the DUT
Clearly, as illustrated in Figure 3, the pink and purple arrows are aligned for this test point. When the re-positioning approach is applied correctly, the relative orientation of DUT and probes has to be maintained while the positioner orientation is generally different. 
[image: ]
[bookmark: _Ref70675148]Figure 3: Configuration 1: DUT, positioner, and probe orientations for (q, f) of (128.8o, 91.3o) without re-positioning approach applied: P0 Orientation 1

An alternate configuration, labelled Configuration 2, with the re-positioning concept not applied, i.e., P0 Orientation 1, for test point #30 is illustrated in Figure 4 to highlight the ambiguities discussed earlier. The respective motor AZ and Roll coordinates again yield the same DUT coordinates (q, f) for test point #30; however, the relative DUT orientation with respect to the probes is no longer same as for Figure 3. The arrows for the probe and DUT directions in this figure clearly indicate that the DUT and the probes are mis-aligned when compared to Figure 3. It can therefore be concluded that the ambiguity of the spherical coordinate system allows two different relative orientations between DUT and probes and the test plan currently does not specify which of these configurations is the intended one. Theoretically, not eliminating the ambiguity could lead the device to pass in one test system and fail in another. It is  
[bookmark: _Ref70692880]Observation 2: Positioning ambiguities introduced by the spherical coordinate system affect NR FR2 MIMO OTA testing without the re-positioning concept applied as one test point DUT coordinate can be mapped to two relative orientations between the DUT and the measurement probes. 
Feedback from the group is requested whether these ambiguities should be addressed and eliminated. 
[bookmark: _Ref70690189][bookmark: _Ref70692885]Proposal 1: Feedback is requested whether the highlighted ambiguities for the default P0 Orientation 1 without the re-positioning concept applied should be addressed and eliminated.
Since only one alignment option (P0) in [3] compared to two/three alignment options in [4] was selected, one suitable approach for NR FR2 MIMO OTA to eliminate these ambiguities is to specify that the turntable implementing the rotation in q, e.g., AZ in the sample configuration presented in this contribution, shall be limited to a range from 0o to 180o and match DUT q from Table 6.2.3.2-1 of [3] for all reference P0 Orientation 1 test positions. This would effectively eliminate the Configuration 2 (AZ=-q=-128.8o) in Figure 4 for Test Point #30 as allowed test position/configuration and limit the testing of this test point to the Configuration 1 in Figure 3 only (AZ=q=128.8o). 
[bookmark: _Ref70690153][bookmark: _Ref70692881]Observation 3: One suitable approach to eliminate the ambiguities could be to specify that the turntable implementing the rotation in q shall and match the intended DUT q for P0 Orientation 1
[image: ]
[bookmark: _Ref70680189]Figure 4: Configuration 2: DUT, positioner, and probe orientations for (q, f) of (128.8o, 91.3o) without re-positioning approach applied using P0 – Orientation 1

When the re-positioning concept is applied to reduce the blocking of the positioner, e.g., P0 Orientation 2 (Option 1), one configuration, labelled Configuration #3, for test point #30 is illustrated in Figure 5. The respective motor coordinates yield the correct DUT coordinates (q, f) for test point #30. 
 [image: ]
[bookmark: _Ref70678027]Figure 5: Configuration 3: DUT, positioner, and probe orientations for (q, f) of (128.8o, 91.3o) with re-positioning approach using P0 Orientation 2 (Option 1). 

Notice that the positioner is in the hemisphere with z<0 and no longer introduces blocking which is the basis of the re-positioning concept and that the DUT orientation with respect to the probes is the same as for when the re-positioning concept was not applied, as highlighted in Figure 3 for Configuration 1. The arrows for the probe and DUT directions have been added in this figure and they clearly indicate that the DUT and the probes are aligned properly just as shown in Figure 3 (Configuration 1). It can therefore be concluded that this configuration properly represents the intended DUT and probe orientations. 
An alternate configuration, labelled Configuration 4, with the re-positioning concept applied in the same fashion as discussed above, i.e., P0 Orientation 2 (Option 1), for test point #30 is illustrated in Figure 6. The respective motor coordinates again yield the correct DUT coordinates (q, f) for test point #30; however, the DUT orientation with respect to the probes is no longer the same as for when the re-positioning concept was not applied, as highlighted in Figure 3 (Configuration 1). The arrows for the probe and DUT directions in this figure clearly indicate that the DUT and the probes are mis-aligned when compared to Figure 3. Instead, the relative orientation of DUT and probes now matches the configuration 2 presented in Figure 4. It can therefore be concluded that this configuration does not properly represent the intended DUT and probe orientations if Configuration 1 is considered the baseline (see Proposal 1 and Observation 3). 
[bookmark: _Ref70692882]Observation 4: The re-positioning concept can be successfully applied to NR FR2 MIMO OTA testing by introducing the same relative orientation between DUT and measurement probes as without the re-positioning concept applied. 
[bookmark: _Ref70692883]Observation 5: The re-positioning concept is affected by the ambiguities as well; successful application requires a baseline definition of the DUT orientations for the P0 Orientation 1 test points (see Proposal 1 and Observation 3)

[image: ]
[bookmark: _Ref70678568]Figure 6: Configuration 4: DUT, positioner, and probe orientations for (q, f) of (128.8o, 91.3o) with re-positioning approach using P0 Orientation 2 (Option 1). 

Provided Proposal 1 is endorsed and an approach as discussed in Observation 3 can be agreed, one suitable approach for NR FR2 MIMO OTA to eliminate these ambiguities for the re-positioning approach could be as simple as specifying that the relative orientation between the DUT and the probes for P0 Orientation 2 shall be the same the relative orientation between DUT and probes as for P0 Orientation 1. 
[bookmark: _Ref70692884][bookmark: _Ref70693569]Observation 6: Provided Proposal 1 is endorsed and an approach as discussed in Observation 3 can be agreed, one suitable approach for NR FR2 MIMO OTA to eliminate these ambiguities for the re-positioning approach could be as simple as specifying that the relative orientation between the DUT and the probes for P0 Orientation 2 shall be the same the relative orientation between DUT and probes as for P0 Orientation 1.
[bookmark: _Ref71540684]Proposal 2: If Proposal 1 is endorsed (without the re-positioning concept), address and eliminate the ambiguities introduced with the re-positioning approach.  
Conclusion
The following observations and proposals were made in this contribution
Observation 1: Positioning ambiguities introduced by the spherical coordinate system generally do not affect measurements that utilize a single probe at any given time.
Observation 2: Positioning ambiguities introduced by the spherical coordinate system affect NR FR2 MIMO OTA testing without the re-positioning concept applied as one test point DUT coordinate can be mapped to two relative orientations between the DUT and the measurement probes.
Observation 3: One suitable approach to eliminate the ambiguities could be to specify that the turntable implementing the rotation in q shall and match the intended DUT q for P0 Orientation 1
Observation 4: The re-positioning concept can be successfully applied to NR FR2 MIMO OTA testing by introducing the same relative orientation between DUT and measurement probes as without the re-positioning concept applied.
Observation 5: The re-positioning concept is affected by the ambiguities as well; successful application requires a baseline definition of the DUT orientations for the P0 Orientation 1 test points (see Proposal 1 and Observation 3)
Observation 6: Provided Proposal 1 is endorsed and an approach as discussed in Observation 3 can be agreed, one suitable approach for NR FR2 MIMO OTA to eliminate these ambiguities for the re-positioning approach could be as simple as specifying that the relative orientation between the DUT and the probes for P0 Orientation 2 shall be the same the relative orientation between DUT and probes as for P0 Orientation 1.
Proposal 1: Feedback is requested whether the highlighted ambiguities for the default P0 Orientation 1 without the re-positioning concept applied should be addressed and eliminated.
Proposal 2: If Proposal 1 is endorsed (without the re-positioning concept), address and eliminate the ambiguities introduced with the re-positioning approach.
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