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Introduction
This contribution is addressing testing and positioning aspects discussed during RAN4#108bis and captured in [1]. 
Starting UE Orientations
In the requirements WI discussions for multi-RX [2], it was captured that there are 9 starting UE orientations options available for multi-RX testing
	1.1  Data process method on companies’ input
1. There are 9 starting UE orientation options per annex J of TS38.101-2 for multiRX. 
…


This was consequently captured in the WF of the SI on multi-RX testing [1]
	(New) Issue 1-3-1: UE orientations/alignment options for multi-Rx RF testing:
· Agreement
· Further discussions are needed in next meeting:
· On the definition of UE orientation/alignment options for multi-RX RF testing. 
· Based on the decisions in RF core requirements session, the 9 orientations in J.3.X of TS 38.101-2 need to be considered as starting orientation for testing.
· Further study whether the re-positioning concept must be adapted for multi-RX
· The position of AoA1 with respect to the coordinate system in the starting orientation (theta=0, phi=0) can be further studied


In the following, these 9 different UE orientation options will be illustrated for a UE with two different sample antenna array implementations, illustrated in Figure 1, in an example multi-RX system, illustrated in Figure 2. While other antenna array placements/implementations are considered as part of the requirements discussions, these two placement examples (opposite and adjacent) in Figure 1 should serve as a starting point for positioning discussions. The example multi-RX system in Figure 2 is shown with a total of 6 probes, for simplicity the different AoAs are introduced from conventional mm-wave probes. Each of the 5 (red) AoA2 probes (P30 through P150) has a relative probe spacing defined for multi-RX UE RF testing of {30°, 60°, 90°, 120°, 150°} from the reference (blue) AoA1 probe P0. Common FR2 RRM system implementations, considered the baseline for multi-RX UE RF testing, typically have fewer number of probes as the required relative probe spacings can be accomplished with architectures that do not rely on every AoA having to be referenced back to the same P0 probe. 
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[bookmark: _Ref149751006]Figure 1: Illustration of two sample array implementations; left: opposite, right: adjacent. 
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[bookmark: _Ref149751018]Figure 2: Example Multi-RX System with 6 probes
The 9 different UE orientation options were defined in Clause J.2 of [3] (RAN4) or Clause N.2 of [4] (RAN5). In RAN5, the common understanding for UE RF testing for smartphones/tablets is that there are just three (not nine) different alignment options the UE can be positioned for testing within zenith angular range of 0°≤≤90° regardless of whether the re-positioning concept is applied or not. If the re-positioning concept is applied, there are a total of 2 additional UE orientations for each of the 3 initial alignment options, e.g., Clause K.1.1 of [4]
	The measurement procedure includes the following steps:
1)	Select any of the three Alignment Options (1, 2, or 3) from Tables N.2-1 through N.2-7 [3] to mount the DUT inside the QZ. 
2) 	Position the DUT in DUT Orientation 1 from Tables  N.2-1 through N.2-7 [3]. 
…
16)	After the measurements within zenith range 0o≤≤90o have been completed and 
a) if the re-positioning concept is applied to the TX test cases, position the device in DUT Orientation 2 (either Options 1 or 2) from Tables N.2-1 through N.2-7 [3] for the Alignment Option selected in Step 1. For the TX beam peak search in the second hemisphere, perform steps 3 through 15 for the range of zenith angles 90o>q≥0o. 
b) if the re-positioning concept is not applied to the TX test cases, continue steps 3 through 15 for the range of zenith angles 90o<≤180o


[bookmark: _Ref149833699]Observation 1: While nine UE orientation options have been defined for legacy FR2 UE RF smartphone/tablet testing, only three alignment/orientation options are defined for testing within the range of zenith angles 0°<≤90°.
The nine different previously proposed UE orientation options [1][2] are illustrated in Table 1. The following observations can be made
[bookmark: _Ref149833700]Observation 2: Certain alignment options are better for certain array implementations to reduce blocking from the positioner, e.g., alignment options 1 and 2 seem more appropriate for arrays on opposite sides while alignment option 2 seems most appropriate for arrays on adjacent sides and alignment option 3 introduces positioner blocking for arrays on opposite and adjacent sides. 
[bookmark: _Ref149833701]Observation 3: The difference between Orientation 2 (Option 1) and Orientation 2 (Option 2) is a rotation of 180° around the roll axis/f. For a conventional positioner movement of 0°≤q≤180° and 0°≤f≤360°, such rotation would not make a difference but for the multi-Rx UE RF positioner movement of 0°≤q≤360° and half a rotation in f, it might if OEMs require testing in 0°≤f≤180° or 180°≤f≤360°.
[bookmark: _Ref149833705]Proposal 1: OEMs to provide feedback on whether multi-RX UE RF should be tested in 0°≤f≤180°, 180°≤f≤360°, or based on a vendor declaration. 
[bookmark: _Ref149833702]Observation 4: For some array implementations, some alignment options manage to have the beam peak directions not aligned within the xz plane (plane of AoAs), e.g., for Alignment Option 2, the arrays on adjacent sides never have the beam peak directions aligned within the xz plane.
[bookmark: _Ref149833706]Proposal 2: OEMs to provide feedback on whether the UE alignments and orientations in Table 1 are indeed the desired starting orientations for testing.


[bookmark: _Ref149754495]Table 1: Overview of the nine proposed UE orientations for FR2 UE RF multi-RX testing
	UE Alignments/ Orientations
	Array Implementation

	
	opposite
	adjacent

	Alignment Option 1, Orientation 1
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	Alignment Option 1, Orientation 2 (Option 1)
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	Alignment Option 1, Orientation 2 (Option 2)
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	Alignment Option 2, Orientation 1
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	Alignment Option 2, Orientation 2 (Option 1)
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	Alignment Option 2, Orientation 2 (Option 2)
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	Alignment Option 3, Orientation 1
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	Alignment Option 3, Orientation 2 (Option 1)
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	Alignment Option 3, Orientation 2 (Option 2)
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On Positioner Blocking for Multi-RX UE RF Testing
The positioner blocking is affecting multi-RX UE RF testing for several positioner coordinates/UE orientations, especially given the full rotation in q, i.e., 0°≤q≤360°. 
This is visualized for a sample multi-RX test system with a 30° angular separation between probes AoA1 and AoA2 visualized in blue and red. 
[image: ][image: ]
Figure 3: Example Multi-RX UE RF test system with declared sample 30° angular separation
The turntable rotations q that yield the most extreme positioner blocking is visualized in Figure 4, i.e., at q=150°, P30 (red probe) is blocked while at q=180°, P0 (blue probe) is blocked. 
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[bookmark: _Ref149825543]Figure 4: Turntable rotations with extreme positioner blocking for example Multi-RX UE RF test system with declared sample 30° angular separation
Even if the device was re-positioned (“flipped”) halfway through the q rotation, i.e., at q=180°, positioner blocking cannot be avoided, i.e., the traditional benefit of the re-positioning concept with smaller QoQZ MU and no probe-positioner blocking does not necessarily apply. However, an alternate re-positioning approach could be introduced that would reduce probe blocking altogether with the device re-positioned (“flipped”) halfway through the q rotation. This is further visualized in Figure 5. In this example, instead of starting the turntable rotation from 0°, the initial positioner/UE orientation is selected to be -90° and the first rotation is performed clockwise from -90°≤q≤90° after which the device is re-positioned from Alignment Option 1 Orientation 1 to Alignment Option 1 Orientation 2 (Option 2) and then rotated back counterclockwise, i.e., -90°<q≤90°. In this case, the closest the positioner comes to any of the active probes is 60° as shown in the bottom left illustration of Figure 5, i.e., between positioner and the red probe. 
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	►
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	▼
Device Re-Positioning (“Flip”)
▼
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[bookmark: _Ref149827484]Figure 5: Visualization of re-positioning approach with reduced positioner blocking for example Multi-RX UE RF test system with declared sample 30° angular separation
A further optimized re-positioning approach with minimized probe blocking with the device re-positioned (“flipped”) halfway through the q rotation is further visualized in Figure 6. Here, the initial positioner/UE orientation is selected to be -105° (-90° - ½ angular separation) and the first rotation is performed clockwise from -105°≤q≤75° after which the device is re-positioned from Alignment Option 1 Orientation 1 to Alignment Option 1 Orientation 2 (Option 2) and then rotated back counterclockwise, i.e., -105°<q≤75°. In this case, the closest the positioner comes to any of the active probes is 75° as shown in all 4 illustrations of Figure 6. 
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	▼
Device Re-Positioning (“Flip”)
▼

	[image: ]
	►
	[image: ]


[bookmark: _Ref149829421]Figure 6: Visualization of re-positioning approach with minimized positioner blocking for example Multi-RX UE RF test system with declared sample 30° angular separation
The same, optimized re-positioning approach with minimized probe blocking is visualized in Figure 7 for a declared angular offset of 90° and the same example multi-RX UE RF system. Here, the initial positioner/UE orientation is selected to be -135° (-90° - ½ angular separation) and the first rotation is performed clockwise from -135°≤q≤45° after which the device is re-positioned from Alignment Option 1 Orientation 1 to Alignment Option 1 Orientation 2 (Option 2) and then rotated back counterclockwise, i.e., -135°<q≤45°. In this case, the closest the positioner comes to any of the active probes is 45° as shown in all 4 illustrations of Figure 7. 
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	▼
Device Re-Positioning (“Flip”)
▼
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[bookmark: _Ref149829372]Figure 7: Visualization of re-positioning approach with minimized positioner blocking for example Multi-RX UE RF test system with declared sample 90° angular separation
The same, optimized re-positioning approach with minimized probe blocking is visualized in Figure 8 for a declared angular offset of 150° and the same example multi-RX UE RF system. Here, the initial positioner/UE orientation is selected to be -135° (-90° - ½ angular separation) and the first rotation is performed clockwise from -165°≤q≤15° after which the device is re-positioned from Alignment Option 1 Orientation 1 to Alignment Option 1 Orientation 2 (Option 2) and then rotated back counterclockwise, i.e., -165°<q≤15°. In this case, the closest the positioner comes to any of the active probes is 15° as shown in all 4 illustrations of Figure 8. 
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	▼
Device Re-Positioning (“Flip”)
▼
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[bookmark: _Ref149830119]Figure 8: Visualization of re-positioning approach with minimized positioner blocking for example Multi-RX UE RF test system with declared sample 150° angular separation
The minimum angular separation between positioner and probe(s) is tabulated for the 5 different declared angular separations in Table 2. 
[bookmark: _Ref149830769]Table 2: Minimum angular separation between positioner and probe(s)
	Declared Angular Separation [°]
	Min Angular Separation between Positioner and Probe(s) [°]

	30
	75

	60
	60

	90
	45

	120
	30

	150
	15



[bookmark: _Ref149833703]Observation 5: The optimized re-positioning approach with minimized probe blocking cannot completely eliminate probe blocking. The minimum angular separation between positioner and probe(s) is tabulated in Table 2 and is always less than 90°.
The 1 AoA QoQZ MU for enhanced IFF, a test system architecture using IFF probes to support 2 AoA FR2 RRM test cases with relative angular separations of AoAs of {30°, 60°, 90°, 120°, 150°}, from Table E.3.1.4-2 of [5] 
	UID 
	Uncertainty source 
	Uncertainty value 
	Distribution of the probability 
	Divisor 
	Standard uncertainty (σ) [dB] 

	Stage 2: DUT measurement 

	3 
	Quality of Quiet Zone (NOTE 4) 
	0.7 
	Actual 
	1.00 
	0.7 

	24 
	Quality of quiet zone for calibration process (NOTE 4) 
	0.4 
	Actual 
	1.00 
	0.4 


was originally considered to be applicable to multi-RX UE RF testing. That Enhanced IFF QoQZ MU, however, determined with the QoQZ procedure in [4], assumed that the closest the positioner comes to the single active probe is 90°. As the active probe(s) come closer to the positioner than 90°, as tabulated in Table 2, the Enhanced IFF QoQZ MU is not applicable for multi-RX UE RF testing.
[bookmark: _Ref149833704]Observation 6: The Enhanced IFF QoQZ MU is not applicable for multi-RX UE RF testing
In summary, the re-positioning concept, test procedures with the re-positioning concept, and the QoQZ MU including QoQZ validation procedure require adjustments from legacy procedures.
[bookmark: _Ref149833707][bookmark: _Ref149922329]Proposal 3: The re-positioning concept, test procedures with the re-positioning concept, and the QoQZ MU including QoQZ validation procedure require adjustments from legacy procedures and re-evaluations
Conclusion
The following observations and conclusions were made in this contribution.
Observation 1: While nine UE orientation options have been defined for legacy FR2 UE RF smartphone/tablet testing, only three alignment/orientation options are defined for testing within the range of zenith angles 0°<≤90°.
Observation 2: Certain alignment options are better for certain array implementations to reduce blocking from the positioner, e.g., alignment options 1 and 2 seem more appropriate for arrays on opposite sides while alignment option 2 seems most appropriate for arrays on adjacent sides and alignment option 3 introduces positioner blocking for arrays on opposite and adjacent sides.
Observation 3: The difference between Orientation 2 (Option 1) and Orientation 2 (Option 2) is a rotation of 180° around the roll axis/f. For a conventional positioner movement of 0°≤q≤180° and 0°≤f≤360°, such rotation would not make a difference but for the multi-Rx UE RF positioner movement of 0°≤q≤360° and half a rotation in f, it might if OEMs require testing in 0°≤f≤180° or 180°≤f≤360°.
Observation 4: For some array implementations, some alignment options manage to have the beam peak directions not aligned within the xz plane (plane of AoAs), e.g., for Alignment Option 2, the arrays on adjacent sides never have the beam peak directions aligned within the xz plane.
Observation 5: The optimized re-positioning approach with minimized probe blocking cannot completely eliminate probe blocking. The minimum angular separation between positioner and probe(s) is tabulated in Table 2 and is always less than 90°.
Observation 6: The Enhanced IFF QoQZ MU is not applicable for multi-RX UE RF testing
Proposal 1: OEMs to provide feedback on whether multi-RX UE RF should be tested in 0°≤f≤180°, 180°≤f≤360°, or based on a vendor declaration.
Proposal 2: OEMs to provide feedback on whether the UE alignments and orientations in Table 1 are indeed the desired starting orientations for testing.
Proposal 3: The re-positioning concept, test procedures with the re-positioning concept, and the QoQZ MU including QoQZ validation procedure require adjustments from legacy procedures and re-evaluations
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Alignment Option 1 - DUT Orientation 1
DUT Coordinates (4, ¢) = (0.0°, 0.0°)
Motor Coordinates (AZ, Roll) = (0.0°, 0.0°)
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Alignment Option 1 - DUT Orientation 1
DUT Coordinates (4, ¢) = (0.0°, 0.0°)
Motor Coordinates (AZ, Roll) = (0.0°, 0.0°)
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Alignment Option 1 - DUT Orientation 1
DUT Coordinates (4, ¢) = (150.0°, 0.0°)
Motor Coordinates (AZ, Roll) = (150.0°, 0.0°)
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Alignment Option 1 - DUT Orientation 1
DUT Coordinates (6, ¢) = (180.0°, 0.0°)
Motor Coordinates (AZ, Roll) = (180.0°, 0.0°)
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Alignment Option 1 - DUT Orientation 1
DUT Coordinates (6, ¢) = (90.0°, 180.0°)
Motor Coordinates (AZ, Roll) = (-90.0°, 0.0°)
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Alignment Option 1 - DUT Orientation 1
DUT Coordinates (¢, ¢) = (90.0°, 0.0°)
Motor Coordinates (AZ, Roll) = (90.0°, 0.0°)
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Alighment Option 1 - DUT Orientation 2 (Option 1)
DUT Coordinates (¢, ¢) = (90.0°, 0.0°)
Motor Coordinates (AZ, Roll) = (90.0°, 0.0°)
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Alighment Option 1 - DUT Orientation 2 (Option 1)
DUT Coordinates (6, ¢) = (90.0°, 180.0°)
Motor Coordinates (AZ, Roll) = (-90.0°, 0.0°)
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Alignment Option 1 - DUT Orientation 1
DUT Coordinates (¢, ¢) = (105.0°, -180.0°)
Motor Coordinates (AZ, Roll) = (-105.0°, 0.0°)
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Alignment Option 1 - DUT Orientation 1
DUT Coordinates (6, ¢) = (75.0°, 0.0°)
Motor Coordinates (AZ, Roll) = (75.0°, 0.0°)
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Alighment Option 1 - DUT Orientation 2 (Option 1)
DUT Coordinates (4, ¢) = (105.0°, 0.0°)
Motor Coordinates (AZ, Roll) = (75.0°, 0.0°)
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Alighment Option 1 - DUT Orientation 2 (Option 1)
DUT Coordinates (9, ¢) = (75.0°, -180.0°)
Motor Coordinates (AZ, Roll) = (-105.0°, 0.0°)

- &

N
: ®





image35.png
Alignment Option 1 - DUT Orientation 1
DUT Coordinates (¢, ¢) = (135.0°, -180.0°)
Motor Coordinates (AZ, Roll) = (-135.0°, 0.0°)
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Alignment Option 1 - DUT Orientation 1
DUT Coordinates (¢, ¢) = (45.0°, 0.0°)
Motor Coordinates (AZ, Roll) = (45.0°, 0.0°)
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Alighment Option 1 - DUT Orientation 2 (Option 1)
DUT Coordinates (4, ¢) = (135.0°, 0.0°)
Motor Coordinates (AZ, Roll) = (45.0°, 0.0°)
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Alighment Option 1 - DUT Orientation 2 (Option 1)
DUT Coordinates (6, ¢) = (45.0°, -180.0°)
Motor Coordinates (AZ, Roll) = (-135.0°, 0.0°)
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Alignment Option 1 - DUT Orientation 1
DUT Coordinates (¢, ¢) = (165.0°, -180.0°)
Motor Coordinates (AZ, Roll) = (-165.0°, 0.0°)
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Alignment Option 1 - DUT Orientation 1
DUT Coordinates (¢, ¢) = (15.0°, 0.0°)
Motor Coordinates (AZ, Roll) = (15.0°, 0.0°)
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Alighment Option 1 - DUT Orientation 2 (Option 1)
DUT Coordinates (4, ¢) = (165.0°, 0.0°)
Motor Coordinates (AZ, Roll) = (15.0°, 0.0°)
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Alighment Option 1 - DUT Orientation 2 (Option 1)
DUT Coordinates (6, ¢) = (15.0°, -180.0°)
Motor Coordinates (AZ, Roll) = (-165.0°, 0.0°)





