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Introduction
This contribution discusses the need to define absolute probe placements for the endorsed Multi-Rx Test System.
[bookmark: _Ref31104997]Discussion
[bookmark: _Ref115975103]As discussed in [1], UE RF testing generally requires the definition of absolute probe locations so that the UE perceives the DL directions always from the same direction. This is why back in RAN4#105, it was agreed to define absolute probe locations for Multi-Rx test systems. 
	Issue 1-2-2: Probe locations for UE RF testing
· Proposals
· Option 1 (Keysight): For measurement setup option 2a, absolute probe locations must be defined to guarantee different system vendors yield the same UE RF test results
· Agreement: 
Option 1 is agreed


Given the various findings and agreements made in the meantime [3][4], e.g., placement of probes in the xz plane, use of revised sweep of 0≤q<360° and 0≤f<180°, it was stated in [5] that absolute probe locations are no longer necessary.
	The implication is that for a pair of TRPs with some angular separation, the UE’s measured performance will not depend on the absolute location of the sources, only their relative locations.


In [3], it was documented that for any probe placed in the xz plane, testing with a constant-step size grid, and utilizing a full rotation in q and half rotation in f, the combination of DL directions perceived by the probes are aligned with the coordinates of the test points. However, this observation alone does not necessarily indicate that absolute probe locations are not necessary; instead, the effect of both AoAs on the perceived DL directions needs to be confirmed to be the same as well. 
The combined effect of the 2 AoA DL polarizations perceived by the UE was illustrated in [3] using the AoA1-AoA2 DL Orientation Vectors and will be re-used here. The AoA1-AoA2 DL orientation vectors, i.e., the vectors between the DL orientation perceived by the UE from AoA1 to AoA2, are visualized by plotting the AoA1 DL directions on a sphere with the black marker while the direction towards the corresponding offset AoA2 DL direction is visualized with an single arrow (the length of the arrow corresponds to the value of the offset), e.g., [image: ]
The visualization of the AoA1-AoA2 DL orientation vectors in Table 15 of [3] where AoA1 is aligned with P0, i.e., the probe aligned with the z axis, will serve as the reference, and will not be repeated here. The following illustrations will use a 15° grid spacing while in [3], a 30° grid spacing was used. 
Two different probe placement examples will be further investigated here. In the first example, as illustrated in Figure 1, the P0 probe is no longer aligned with the z axis but rotated by 30° towards the -x axis. 
[image: ]
[bookmark: _Ref134431662]Figure 1: Example system implementation with P0 placed at q=-30°
In the second example, the AoA1&AoA2 probes are placed so that they are symmetric to the z axis as illustrated in Figure 2. 
[image: ][image: ][image: ]
[bookmark: _Ref134433769]Figure 2: Example system implementation with probes symmetric to the z axis: left: P0 & P60, centre: P0 & P120, right: P0 & P150. 
The AoA1-AoA2 DL orientation vectors for the two system/probe configurations are further illustrated in Table 1. Clearly, the vectors are aligned with those from the default system configuration with P0 aligned along the z axis [5]. 
It is therefore proposed to consider the previous agreement for absolute probe locations for UE RF testing unnecessary for multi-Rx UE RF testing using the proposed test system and testing methodology.
[bookmark: _Ref134440567][bookmark: _Ref135042201]Proposal 1: Consider the previous agreement for absolute probe locations for UE RF testing unnecessary for multi-Rx UE RF testing using the proposed test system and testing methodology.
This will effectively allow any 2 AoA RRM test system with probes in the xz plane to be applicable for Multi-Rx testing as long as the test system supports the required relative angular offsets. 
[bookmark: _Ref135042202]Proposal 2: Consider any 2 AoA RRM test system with probes in the xz plane and the required relative angular offsets for Multi-Rx testing suitable for Multi-Rx OTA spherical coverage test cases.


[bookmark: _Ref127165355]Table 1: Vectors of DL orientations between AoA1 (P0) and AoA2 from two different system configurations with AoA2 to AoA1 probe offsets of 60°, 120°, and 150° with a constant-step size grid using 84 grid points (Dq=Df=30°). Full rotation in q and half rotation in f. 
	
	Probes in the xz plane with P0 at q=-30°
	Probes in the xz plane symmetric to z axis

	System Configuration 
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	Orientation between Probes P0 and P60
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	Orientation between Probes P0 and P120
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	Orientation between Probes P0 and P150
	[image: ]
	[image: ]





Conclusion
The following observations and conclusions were made in this contribution. 
Proposal 1: Consider the previous agreement for absolute probe locations for UE RF testing unnecessary for multi-Rx UE RF testing using the proposed test system and testing methodology.
Proposal 2: Consider any 2 AoA RRM test system with probes in the xz plane and the required relative angular offsets for Multi-Rx testing suitable for Multi-Rx OTA spherical coverage test cases.
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