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Introduction
This contribution is addressing two topics on ambiguities of relative positioning and blocking effects captured in the WF of the previous meeting.  
Discussion
During the last RAN4#94bis-e meeting, the 3D MPAC probe configuration using 6 probes were agreed [1][2][3], i.e., 
	The exact probe locations with respect to the channel model coordinate system are tabulated in Table 6.2.3-1 and shown in Figure 6.2.3-2.
Table 6.2.3-1. FR2 3D MPAC Probe Locations
	Probe Number
	Theta/ZoA [deg]
	Phi/AoA 
[deg]

	1
	90
	-15

	2
	85
	-5

	3
	85
	-35

	4
	85
	5

	5
	95
	5

	6
	90
	15


[image: ]
Figure 6.2.3-2: FR2 3D MPAC Probe Locations


This contribution addresses the topics on ambiguities and blocking effects captured in the WF [4], i.e., 
	· FR2 3D-MPAC system layout
· 6-probe locations in table below is agreed for FR2 
3D-MPAC system layout
· Study potential ambiguities of relative positioning 
between probes, the 36 test points, the UE, and the 
channel model
· Study the blocking effect between positioner and NR 
MIMO probes



Three different options in terms of channel model coordinate system, positioner placements, and probe location implementations are tabulated in Table 1. In the respective plots, the blue spheres correspond to the NR MIMO probes locations which are aligned towards at the top in the first row of Table 1 and aligned towards the horizon in the second row of Table 1. The three 2-axis positioner options tabulated assume that the turntable axis is aligned with 
· the x axis in Option 1
· the y axis in Option 2
· the z axis in Option 3
For all three options, the channel model coordinate system is aligned so that the absolute probe locations are identical. This in turn means that the roll-over-azimuth positioners (L-shaped in this contribution) are either floor or wall mounted for the different options. 
The (constant step size) grid surrounding the UE is shown with respect to the channel model coordinate system (poles along the z axis) and the P0 orientation 1, outlined in Clause A.3 in [3], is aligned with the channel model coordinate system as well. 
Shown in black dots, overlayed on the grid, are the 36 evenly spaced FR2 test points with a constant density tabulated in Table 6.2.3.2-1 of [3]. 
[bookmark: _Hlk40175325]In Table 2, a sample test direction/test point #1 (theta, phi) of (90o, 45o) is visualized with a black dot. For simplicity, the test point is not one of the 36 NR MIMO OTA test points. Table 3 then highlights the required UE orientations for this test direction based on the assumption that the UE is rotated so that the test direction w.r.t. to the UE is aligned with the channel model coordinate z axis. Generally, this a typical assumption in OTA since the measurement antenna is located in the z direction. In the figures of Table 3, the UE coordinate system is highlighted with short and thick lines (red for x, green for y, and blue for z). In all cases, test point (big black dot) is aligned with the z axis. For Option 3, no illustrations are provided since the test point cannot be rotated towards the z axis with this configuration. Clearly, the UE orientations with respect to the NR MIMO probes are vastly different between Options 1 and 2 which highlights the ambiguity of the current 3D MPAC system definition. Similar observations can be made with a second test direction/test point (theta, phi) of (45o, 45o) in Table 4 and Table 5.
[bookmark: _Ref39858511]Observation 1: The current FR2 3D MPAC system definition has ambiguities in terms of UE positioning and the NR MIMO probes 
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 Table 3 (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. 
[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.
[image: ][image: ]
[bookmark: _Ref40198768]Figure 1: Illustration of positioning ambiguities (specifically for Option 2 and sample direction 1 (theta, phi) of (45o, 90o)
[bookmark: _Hlk40177923]Tables 6 and 7, a slightly different approach positioning approach is utilized for the device rotations. It highlights the required UE orientations for this test direction based on the assumption that the UE is rotated so that the z axis of the UE’s coordinate system is aligned with the fixed test point w.r.t. the channel model coordinate system. Table 6 outlines the device rotations for sample test direction/test point #1 (theta, phi) of (45o, 90o) and Table 7 for sample test direction/test point #2 (theta, phi) of (45o, 45o). As shown in Table 7, only Option 3 is able to perform the necessary device rotations. Clearly, the lack of definition how the UE rotations need to be performed in 3D MPAC systems leads to additional ambiguities when comparing Options 1 and 2 in Tables 4 and 5 with Option 3 in Tables 6 and 7.
[bookmark: _Ref40178817]Observation 3: Whether the UE is rotated so that the test direction w.r.t. to the UE is aligned with the channel model coordinate system z axis or whether the UE is rotated so that the z axis of the UE’s coordinate system is aligned with the fixed test point w.r.t. the channel model coordinate system will yield additional ambiguities. 
Even for this UE rotation assumption, the same positioning ambiguity as highlighted in Observation 2, can be observed. This is highlighted in Figure 2, for Option 3 and sample test direction/test point #1 (theta, phi) of (45o, 90o). The illustration on the right is the same illustration as in Table 6 (top row, right column) while 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. The signs of the turntable and roll rotations are opposite between these two examples. As outlined earlier, this ambiguity could be avoided by limiting rotation angles to a range of values or by mandating that axes are aligned in certain regions only. 
[image: ] [image: ]
[bookmark: _Ref40200006]Figure 2: Illustration of positioning ambiguities (specifically for Option 3 and sample direction 1 (theta, phi) of (45o, 90o)
For NR FR2 MIMO OTA, a very coarse measurement grid of just 36 grid/test points was selected. If a much large number of test points had been selected, some of the highlighted ambiguities might not have a significant effect on the final metric; however, for this coarse grid, it must be assumed that the demonstrated ambiguities will yield differences in measured NR FR2 MIMO OTA performance. It is therefore proposed to avoid any of the highlighted ambiguities. 
[bookmark: _Ref40424343][bookmark: _Ref39858514]Proposal 1: Select a single positioner, probe layout configuration, and rotation assumption to avoid ambiguities 

[bookmark: _Ref39848978]Table 1: Overview of FR2 3D MPAC MIMO OTA Implementations
	Probe Orientation
	Option 1
	Option 2
	Option 3

	NR MIMO Probes Oriented on Top
	[image: ]
	[image: ]
	[image: ]

	NR MIMO Probes Oriented near Horizon
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	[image: ]




[bookmark: _Ref39852126]Table 2: Sample Test Point Direction #1 (theta=45o, phi=90o) for different FR2 3D MPAC MIMO OTA Implementations
	Probe Orientation
	Option 1
	Option 2
	Option 3

	NR MIMO Probes Oriented on Top
	[image: ]
	[image: ]
	[image: ]

	NR MIMO Probes Oriented near Horizon
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	[image: ]




[bookmark: _Ref39852382][bookmark: _Ref40198882]Table 3: Device Orientation for Sample Test Point Direction #1 (theta=45o, phi=90o) for different FR2 3D MPAC MIMO OTA Implementations assuming the UE is rotated so that the test direction w.r.t. to the UE is aligned with the channel model coordinate z axis
	Probe Orientation
	Option 1
	Option 2
	Option 3

	NR MIMO Probes Oriented on Top
	[image: ]
	[image: ]
	N/A

	NR MIMO Probes Oriented near Horizon
	[image: ]
	[image: ]
	N/A



[bookmark: _Ref40175720][bookmark: _Ref39853932]Table 4: Sample Test Point Direction #2 (theta=45o, phi=45o) for different FR2 3D MPAC MIMO OTA Implementations 
	Probe Orientation
	Option 1
	Option 2
	Option 3

	NR MIMO Probes Oriented on Top
	[image: ]
	[image: ]
	[image: ]

	NR MIMO Probes Oriented near Horizon
	[image: ]
	[image: ]
	[image: ]




[bookmark: _Ref40175724]Table 5: Device Orientation for Sample Test Point Direction #2 (theta=45o, phi=90o) for different FR2 3D MPAC MIMO OTA Implementations assuming the UE is rotated so that the test direction w.r.t. to the UE is aligned with the channel model coordinate z axis
	Probe Orientation
	Option 1
	Option 2
	Option 3

	NR MIMO Probes Oriented on Top
	[image: ]
	[image: ]
	N/A

	NR MIMO Probes Oriented near Horizon
	[image: ]
	[image: ]
	N/A



[bookmark: _Ref40177404]Table 6: Device Orientation for Sample Test Point Direction #1 (theta=45o, phi=90o) for different FR2 3D MPAC MIMO OTA Implementations assuming the UE is rotated so that the z axis of the UE’s coordinate system is aligned with the fixed test point w.r.t. the channel model coordinate system.
	Probe Orientation
	Option 1
	Option 2
	Option 3

	NR MIMO Probes Oriented on Top
	[image: ]
	N/A
	[image: ]

	NR MIMO Probes Oriented near Horizon
	[image: ]
	N/A
	[image: ]



[bookmark: _Ref40177490]Table 7: Device Orientation for Sample Test Point Direction #2 (theta=45o, phi=45o) for different FR2 3D MPAC MIMO OTA Implementations assuming the UE is rotated so that the z axis of the UE’s coordinate system is aligned with the fixed test point w.r.t. the channel model coordinate system.
	Probe Orientation
	Option 1
	Option 2
	Option 3

	NR MIMO Probes Oriented on Top
	N/A
	N/A
	[image: ]

	NR MIMO Probes Oriented near Horizon
	N/A
	N/A
	[image: ]



As outlined in Table 1, Options 2 and 3 introduces a blocking effect of the positioner, i.e., for certain test directions, the path between the probes and the UE is blocked by the positioner which could theoretically be compensated by the re-positioning concept, i.e., the P0 Orientations 2 summarized in clause A.3 [3]. Option 1 on the other hand does not introduce any blocking effects as the probes are placed where the positioner mast does not obstruct the path between the UE and the NR MIMO probes
[bookmark: _Ref39858513]Observation 4: Option 1 introduces the least amount of positioner blockage while Options 2 and 3 can obstruct the path between UE and NR MIMO probes.
Option 1 was shown to be better than Option 2 due to the reduced blocking. However, a positioner configuration with the turntable axis aligned with the x axis will require coordinate system transformations to translate AZ and Roll to theta and phi coordinates, e.g., an azimuth rotation with Roll=0o will cover the yz plane while positioners used for OTA systems typically cover the xz plane. A small modification to the NR Probe configuration, i.e., a rotation of the probes by 90o in AoA as highlighted in Table 8 would yield a further optimized NR MIMO OTA system configuration, i.e., Option 4, illustrated and compared with Option 1 in Table 9. 
[bookmark: _Ref39858317]Table 8: Overview of Optimized Probe Layout (Option 4)
	Probe Number
	Theta/ZoA [deg]
	Phi/AoA 
[deg]

	1
	90
	75

	2
	85
	85

	3
	85
	55

	4
	85
	95

	5
	95
	95

	6
	90
	105


[bookmark: _Ref39858419]


Table 9: Overview of Optimized FR2 3D MPAC MIMO OTA Implementations
	Probe Orientation
	Option 1
	Option 4

	NR MIMO Probes Oriented on Top
	[image: ]
	[image: ]

	NR MIMO Probes Oriented near Horizon
	[image: ]
	[image: ]



Given the demonstrated ambiguities and positioner blocking effects, it is proposed to select a single positioner and probe layout configuration, and UE rotation definition. Given the very coarse measurement grid, it must be assumed that the demonstrated ambiguities will yield differences in NR FR2 MIMO OTA performance. 
[bookmark: _Ref39858515]Proposal 2: Select Option 4 of the FR2 NR MIMO system configuration as the baseline for 3D MPAC systems.
[bookmark: _Ref40448220]Proposal 3: Perform the UE rotations based on the assumption that the test direction w.r.t. to the UE is aligned with the channel model coordinate z axis
To avoid the ambiguity illustrated in Figure 1, limit the turntable rotation to a range of 0 to 180o only. 
[bookmark: _Ref40448221]Proposal 4: Limit the turntable rotation to a range of 0 to 180o only.



[bookmark: _GoBack]Conclusion
The following observations and proposals were made in this contribution
Observation 1: The current FR2 3D MPAC system definition has ambiguities in terms of UE positioning and the NR MIMO probes
Observation 2: The spherical coordinate system lends itself to a common ambiguity which could be avoided by limiting rotation angles to certain ranges.
Observation 3: Whether the UE is rotated so that the test direction w.r.t. to the UE is aligned with the channel model coordinate system z axis or whether the UE is rotated so that the z axis of the UE’s coordinate system is aligned with the fixed test point w.r.t. the channel model coordinate system will yield additional ambiguities.
Observation 4: Option 1 introduces the least amount of positioner blockage while Options 2 and 3 can obstruct the path between UE and NR MIMO probes.
Proposal 1: Select a single positioner, probe layout configuration, and rotation assumption to avoid ambiguities
Proposal 2: Select Option 4 of the FR2 NR MIMO system configuration as the baseline for 3D MPAC systems.
Proposal 3: Perform the UE rotations based on the assumption that the test direction w.r.t. to the UE is aligned with the channel model coordinate z axis
Proposal 4: Limit the turntable rotation to a range of 0 to 180o only.
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