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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In the NR#2 AH meeting, contributions raised important concerns with NR UE RF testing when the antenna array is not centred at the centre of the quiet zone [1-3]. The Way Forward [4] summarized the concepts of Black Box vs White Box testing and highlighted the need to decide on the NR UE RF test approach by RAN4 #84 as it has impact on test system development, test times, measurement uncertainty (MU), and test tolerances. 
This contributions highlights the differences between the Black Box vs White Box test approaches and some important consequences. 
DUT Example
[bookmark: OLE_LINK20]For this discussion, a DUT is assumed to have two different antenna arrays. The antenna architecture is schematically shown in Figure 1 with one antenna array on the right hand side of the DUT, A1, and one antenna array on the left-hand side of the DUT, A2. Here, it is assumed that A1 is active for beams steered towards the right hemisphere and that A2 is active for beams steered toward the left hemisphere. 
[image: ]
Figure 1: Example DUT
Black Box Approach
In the black box approach, the DUT is treated as a black box, i.e., the location of the antenna arrays, the number of antenna arrays, and which antenna array is active at any given test point are completely unknown. The positioning of the DUT is therefore proposed to follow universal positioning guidelines, e.g., the geometric centre of the DUT is centred at the centre of the quiet zone/centre of the positioner axes. A suitable test setup based on this black box approach is outlined in Figure 2 for two different test points. 
[image: ]      [image: ]
Figure 2: Test Setup for the Black Box approach. For beams steered towards the left hemisphere, antenna array A2 (red) is active and for beams steered towards the right, antenna array A1 (green) is active. 
As this test setup does not require the knowledge of the antenna system, UE vendors and/or chipset vendors are not required to provide a vendor declaration about the antenna architecture which could be considered proprietary information. This in turn simplifies the test setup during conformance testing as the UE is placed in an unambiguous position during testing. 
On the other hand, this test setup yields a measurement uncertainty related to the offset of the centre of active antenna array from the centre of the quiet zone, specifically for TX powers or RX sensitivities that are defined as single-directional requirements (EIRP, EIS) instead of requirements integrated/averaged over the whole sphere (TRP, TRS). The system calibration is making sure the free space path loss between the centre of the quiet zone to the antenna, the measurement antenna gain, as well as cables, switches, and amplifiers in the measurement path are accounted for. As shown in Figure 2, when the active antenna array is not placed in the centre of the quiet zone, the additional free-space path loss incurred between the active antenna array and the measurement antenna is different from what was calibrated which will lead to differences in measured EIRP/EIS. Parameters that do not require calibration such as EVM would not be affected by this additional measurement uncertainty.
The maximum path loss difference of the antenna array A1, displaced by d from the centre of the quiet zone, Figure 3a, compared to the antenna centred at the centre of the quiet zone (reference point for calibration), Figure 3b, can be determined with the range length of the system r, defined as the distance between the centre of the quiet zone and the measurement antenna, and d. This path loss difference is shown in Table 1
Table 1: Maximum path loss difference between an antenna array displaced by d from the centre of the quiet zone and the antenna array centred at the centre of the quiet zone 
	
	[bookmark: _GoBack]Path Loss Difference ≈ 20 log[r/(r-d)] [dB]

	            r [m]

d [cm]
	0.5
	0.6
	0.7
	0.8
	0.9
	1
	1.5
	2
	3
	4

	0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	5
	0.9
	0.8
	0.6
	0.6
	0.5
	0.4
	0.3
	0.2
	0.1
	0.1

	7.5
	1.4
	1.2
	1.0
	0.9
	0.8
	0.7
	0.4
	0.3
	0.2
	0.2

	10
	1.9
	1.6
	1.3
	1.2
	1.0
	0.9
	0.6
	0.4
	0.3
	0.2

	15
	3.1
	2.5
	2.1
	1.8
	1.6
	1.4
	0.9
	0.7
	0.4
	0.3

	20
	4.4
	3.5
	2.9
	2.5
	2.2
	1.9
	1.2
	0.9
	0.6
	0.4

	25
	6.0
	4.7
	3.8
	3.3
	2.8
	2.5
	1.6
	1.2
	0.8
	0.6

	30
	8.0
	6.0
	4.9
	4.1
	3.5
	3.1
	1.9
	1.4
	0.9
	0.7





[image: ]
(a)
[image: ]
(b)
Figure 3: Illustration of maximum path loss difference between a) antenna array A1 offset by d from centre of quiet zone and b) antenna array A1 centre at the centre of the quiet zone. 
White Box Approach
In the white box approach, the DUT antenna architecture details would have to be made available, i.e., the location of the antenna arrays, the number of antenna arrays, and which antenna array is active at any given test point. The positioning of the DUT is then based on the antenna array to be centred at the centre of the quiet zone/centre of the positioner axes. A test setup based on this white box approach is outlined in Figure 4. 
[image: ]      [image: ]
Figure 4: Test Setup for the White Box approach. For beams steered towards the left hemisphere, antenna array A2 (red) is active and for beams steered towards the right, antenna array A1 (green) is active. 
As this test setup requires the knowledge of the antenna system, UE vendors and/or chipset vendors would be required to provide a declaration about the antenna architecture, e.g., the precise antenna locations and which antenna array is active for each given test point. This in turn complicates the test setup during conformance testing as the UE must be placed so that the active antenna array is centred at the centre of the quiet zone for each test point. This can be achieved by the test operator re-positioning the device before/after each measurement point which yields additional repositioning measurement uncertainties and test times. Alternatively, the test system could be outfitted with additional positioning controls to align the active antenna array to the centre of the quiet zone for each test point which would yield additional test system and software complexities as well as costs.
On the other hand, the measurement uncertainty related to the offset of the centre of active antenna array from the centre of the quiet zone discussed in the previous section could be minimized as the active antenna array is always centred at the centre of the quiet zone for each test point.
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