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Introduction
This contribution is revisiting the black box vs white box decision for Release 16.  
Discussion
Black box vs white box testing was discussed extensively more than two years in RAN4#84 [1][2][3] and eventually, the black box approach was endorsed for Rel-15 testing [4] based on feedback from chipset and device vendors. Online [5] and offline discussions about white box vs black box approaches were held during the last meeting with regards to the ‘Test methodology for high DL power and low UL power test cases’ agenda item of the enhanced testability SI. 
Black box testing requires no knowledge which antenna panel is active at any given time and the detailed location of the active panel within the DUT. In this test configuration, the geometric centre of the DUT is aligned with the centre of the quiet zone as illustrated in Figure 1
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[bookmark: _Ref23514575]Figure 1: Illustration of black box approach (Figure 2 from [1])
White box testing on the other hand requires the declaration by the manufacturer which antenna panel is active in any UL/DL test direction and the detailed location of all antenna panels within the DUT. In this test configuration, the centre of the radiating aperture (of the active panel) is aligned with the centre of the quiet zone as illustrated in Figure 2.
[bookmark: _Ref23756039]Observation 1: White box testing generally requires the declaration by the manufacturer which antenna panel is active in any UL/DL test direction and the detailed locations of the panels within the DUT
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[bookmark: _Ref23514771]Figure 2: Illustration of white box approach (Figure 4 from [1])
For CATR test systems based on IFF test methodology, the reference methodology [6] and de-facto industry standard for all in-band and out-of-band UE test cases, white box vs black box testing makes little difference due to the very limited offset MU and the inherent nature of utilizing plane waves. 
[bookmark: _Ref23756044]Observation 2: For CATR test systems based on IFF test methodology white box vs black box testing makes little difference 
For DFF and DNF systems, black box testing can have a significant impact on the quality of quiet zone MU due to the offset of the radiating aperture from the centre of the quiet zone. This (unknown) offset can result in significant path loss differences that affect the offset MU [7]. Applying the white box testing could eliminate this effect and potentially yield quality of quiet zone MUs for DFF and DNF based test systems similar to those of IFF based test systems. 
[bookmark: _Ref23756053]Observation 3: For DFF and DNF systems, white box testing could eliminate the offset MU and potentially yield quality of quiet zone MUs for DFF and DNF based test systems similar to those of CATR based test systems
The Low UL power and High DL power test cases identified in the SID [8] require singe-directional as well as 3D TRP tests with the beams steered in the TX and RX beam peak directions. Whether the enhanced test methodologies need to be able to perform beam peak searches or whether the can be re-used from an IFF based system is not clear. Industry feedback is requested as this will affect the test system complexities and the measurement uncertainties. It will furthermore determine the detail of the vendor declarations, e.g., if the enhanced test methodology just needs to perform the low UL power and high DL power testcases without performing beam peak searches, the vendor declaration can be limited to just the location of the active panels that yields the TX and RX beam peaks. If the enhanced test methodology needs to perform the beam peak searches as well, the declaration by the manufacturer must include which antenna panel is active in any UL/DL test direction and the detailed locations of the panels within the DUT.
[bookmark: _Ref23761733]Observation 4: The details of the vendor declaration related to white box testing depend on whether the enhanced test methodologies need to perform beam peak searches and spherical coverage test cases
[bookmark: _Ref23761746]Proposal 1: Feedback from industry is requested whether the enhanced testability methods shall perform beam peak searches and spherical coverage. 
Assuming the enhanced test methodology needs to perform beam peak searches, x-y-z positioning systems are needed to fully automate white box testing based on the knowledge of which antenna panel is active in a given UL/DL test direction will likely results in significant signal ripple and near field coupling effects which is expected to degrade the quality of QZ MU. Such positioning system will furthermore increase test system complexity from a SW and HW perspective. 
[bookmark: _Ref23756058]Observation 5: x-y-z positioning systems to fully automate test cases will likely affect the Quality of QZ MU and increase test system complexity. 
With the radiating aperture aligned with the centre of the quiet zone, the FF interface distance can generally be reduced compared to black box testing as this interface distance does not have to be referenced to the edge of the quiet zone any more, as outlined in Clause 5.2.1.2 of [7]. However, this does not necessarily apply to NF systems capable of single-direction and TRP test cases as for white box testing, the min. radius of the NF antenna from the centre of the quiet zone must be approximately the maximum diameter of the device, as illustrated in Figure 1 to prevent interference of the near field scanner with the DUT. The corresponding FF and NF interface distances are tabulated for select FR2 frequencies in Table 1
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Figure 3: Min. Measurement distance for NF Systems when applying white box testing
[bookmark: _Ref23524072]Table 1: FF and NF Interface distances for black box and white box conditions
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Clearly, the white box approach requires larger NF min. range lengths for the white box approach than the black box approach for 30cm quiet zones. 
[bookmark: _Ref23756061]Observation 6: For white box testing, the min. range length for NF systems capable of single direction and TRP test cases is larger than for black box testing
The change in interface distances on the other hand have an impact on the path losses of the DFF and NF systems which are tabulated in Table 2. These results show that the white box approach reduces the path loss by ~1dB for the DFF system when compared to the IFF system (or DFF system with the black box approach). The path loss for an NF system with the black (white) box approach is reduced by ~13dB (~11dB) when compared to the IFF system.
[bookmark: _Ref23524530]

Table 2: Path losses for DFF and NF systems for black box and white box conditions
	f [GHz]
	Antenna Config. 1, 2, and 3
- BLACK BOX - 
	Antenna Config. 1 and 2
- WHITE BOX - 

	
	IFF/DFF
	NF
	DFF
	NF

	
	Path Loss with 1m range length
	Path Loss with 0.22m range length
	Path Loss with 0.88m range length
	Path Loss with 0.28m range length

	24.25
	60.16
	46.86
	59.01
	48.93

	30
	62.01
	48.71
	60.85
	50.78

	40
	64.51
	51.21
	63.35
	53.28

	43.5
	65.24
	51.94
	64.08
	54.00

	52.6
	66.89
	53.59
	65.73
	55.65



[bookmark: _Ref23756064]Observation 7: The reduction in pathloss for NF systems is about 13dB (11dB) for black (white) box testing when compared to IFF. 
Based on the results presented here, the white box approach does not present significant improvements. It is therefore proposed not to change the NR FR2 conformance testing from black box to white box. 
[bookmark: _Ref23756074]Proposal 2: Keep the black box test approach for NR FR2 conformance testing 
Conclusion
The following observations and proposals were made in this contribution
Observation 1: White box testing generally requires the declaration by the manufacturer which antenna panel is active in any UL/DL test direction and the detailed locations of the panels within the DUT
Observation 2: For CATR test systems based on IFF test methodology white box vs black box testing makes little difference 
Observation 3: For DFF and DNF systems, white box testing could eliminate the offset MU and potentially yield quality of quiet zone MUs for DFF and DNF based test systems similar to those of CATR based test systems
Observation 4: The details of the vendor declaration related to white box testing depend on whether the enhanced test methodologies need to perform beam peak searches
Proposal 1: Feedback from industry is requested whether the enhanced testability methods shall perform beam peak searches and spherical coverage.
Observation 5: x-y-z positioning systems to fully automate test cases will likely affect the Quality of QZ MU and increase test system complexity.
Observation 6: For white box testing, the min. range length for NF systems capable of single direction and TRP test cases is larger than for black box testing
Observation 7: The reduction in pathloss for NF systems is about 13dB (11dB) for black (white) box testing when compared to IFF.
Proposal 2: Keep the black box test approach for NR FR2 conformance testing
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