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Introduction
[bookmark: _Hlk47108417]This contribution outlines our view on topic #1 (Test methodology for high DL power and low UL power test cases) of this SI [1].
White-Box vs Black-Box Testing
Black box vs white box testing was discussed extensively more than two years ago in RAN4#84 [2][3][4] and eventually, the black box approach was endorsed for Rel-15 UE RF conformance testing [5] based on feedback from chipset and device vendors. Various online and offline discussions about white box vs black box approaches [6][7][8] were held as part of this SI with regards to the ‘Test methodology for high DL power and low UL power test cases’ agenda item. 
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
[image: ]      [image: ]
[bookmark: _Ref23514575]Figure 1: Illustration of black box approach (Figure 2 from [2])
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 if all test cases including spherical coverage and beam peak searches must be supported. 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][bookmark: _Ref47443940]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 for full test case coverage
[image: ]      [image: ]
[bookmark: _Ref23514771]Figure 2: Illustration of white box approach (Figure 4 from [2])
For CATR OTA test systems based on IFF test methodology, the reference methodology [9] and de-facto industry standard for all in-band, out-of-band, and spurious emissions UE RF conformance 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 direct Far-Field (DFF) and Direct Near-Field (DNF) systems, black box testing can have a significant impact on the quality of quiet zone MU due to the unknown offset of the radiating aperture from the centre of the quiet zone. This offset can result in significant path loss differences that affect the offset MU [10]. 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 [1] require single-directional EIRP/EIS 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 they can be re-used from an IFF based system was not clear. Industry feedback was 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.
Feedback on whether enhanced testability methods need to perform beam peak searches and spherical coverage tests was generally positive [8] but not conclusive. 
[bookmark: _Ref47443941]Observation 4: Feedback whether enhanced testability methods need to perform beam peak searches and spherical coverage tests was inconclusive. 
Assuming the enhanced test methodology needs to perform beam peak searches and a white box approach was selected, x-y-z positioning systems are needed to fully automate testing based on the knowledge of which antenna panel is active in any given UL/DL test direction. This will in effect likely result in significant signal ripple and near field coupling effects which is expected to degrade the quality of QZ MU which could offset the offset MU a white box approach eliminates. Such positioning system will furthermore increase test system complexity from a SW and HW perspective. 
[bookmark: _Ref23756058]Observation 5: If white box test approach is selected for an enhanced NF test methodology, x-y-z positioning systems to fully automate test cases will likely affect the Quality of QZ MU and increase test system complexity. 
[bookmark: _Ref47443942]Observation 6: If white box test approach is selected for an enhanced NF test methodology, a vendor declaration is required which antenna panel is active in any UL/DL test direction and the detailed locations of the panels within the DUT. 
When the radiating array is aligned at the centre of the quiet zone (white box), the range length can generally be reduced compared to black box testing as this 2D2/l 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 [10]. However, a reduction of range length does not necessarily apply to NF systems capable of single-direction, TRP, and spherical coverage test cases for the white box approach when compared to black box. For white box testing, the min. radius of the NF probe antenna from the centre of the quiet zone generally must exceed the maximum diameter of the device, as illustrated in Figure 1, to prevent interference of the near field scanning probe with the DUT. While this requirement of the NF range length having to exceed the maximum diameter of the DUT is generally applicable to TRP where the NF Probe antenna needs to perform a full 3D scan around the DUT, this could very well be applicable to single-directional measurements as well, as illustrated in Figure 4 using a PC1 CPE as an example. Similar restrictions apply when testing using phantoms and ETC enclosures surrounding the DUT. 
[image: ]
Figure 3: Illustration of min. Range length of NF Systems when applying white box testing  
[image: ]
[bookmark: _Ref31891396]Figure 4: Illustration of min. Range length for NF Systems using PC1 CPE as example. 
The corresponding FF and NF min. range lengths are tabulated for select FR2 frequencies in Table 1 for PC3 devices with fixed D=5cm. 
[bookmark: _Ref23524072]Table 1: Minimum FF and NF Range Lengths for black box and white box conditions for PC3 devices
[image: ]
Clearly, the white box approach generally requires larger NF min. range lengths than the black box approach for 30cm quiet zones. 
[bookmark: _Ref23756061]Observation 7: For white box testing, the min. range lengths for NF systems capable of single direction, TRP, and spherical coverage 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 a NF system with the black (white) box approach is reduced by ~13dB (~11dB) when compared to the IFF system.
[bookmark: _Ref23524530]

[bookmark: _Ref31892534]Table 2: Path losses for DFF and NF systems for black box and white box conditions for PC3 devices
	f [GHz]
	Antenna Config. 1, 2, and 3
- BLACK BOX -  
(PC3 Devices: D=5cm)
	Antenna Config. 1 and 2
- WHITE BOX - 
(PC3 Devices: D=5cm)

	
	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: _Ref47440894][bookmark: _Ref23756064]Observation 8: 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 and summarized in Table 3, 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: _Ref47077457]Table 3: Impact of Black Block and White Box on NF test methodology
	Item
	Black Box
	White Box

	Quality of Quiet Zone MU
	Higher than IFF (due to Offset MU)
	Higher than IFF (no Offset MU but x-y-z positioner for automated test could have significant loading and ripple effect)

	System Complexity
	Low
	High (due to x-y-z positioner and additional SW to centre the active DUT antenna panels in centre of QZ)

	Vendor Declaration
	Not Required
	Required to declare location of antenna(s) within DUT. Additionally, if the enhanced NF test methodology shall cover beam peak searches and spherical coverage test cases, declarations which antenna panel is active in any UL/DL test direction is required

	Reduction in Path Loss
	Moderate (~13dB)
	Limited (~11dB)



[bookmark: _Ref23756074]Proposal 1: Keep the black box test approach for NR FR2 conformance testing


Effective Antenna Aperture
In 3GPP, the worst-case antenna assumptions were based on 8x2 for PC3 devices and 12x12 for PC1 devices and the corresponding maximum antenna array apertures, D, were assumed to be 5cm for PC3 [10] and 10.6cm for PC1 [11], respectively. These antenna array apertures were calculated at ~24 GHz, i.e., the low end of FR2, with an inter-element spacing of l/2. So far, it was assumed that the antenna aperture D is fixed as a function of frequency. 
Given the typical frequency-dependent inter-element spacing of l/2, the antenna aperture should not be considered a fixed D but instead an effective D, Deff, which varies as a function of frequency. This concept is illustrated schematically in Figure 5.
[image: ]
[bookmark: _Ref47081211][bookmark: _Ref47080624]Figure 5: Illustration of the effective antenna aperture, Deff.

When applying this concept to the calculation of the FF and DNF interface distances and range length, the results tabulated in Table 4 are obtained. When compared to Table 1, the following observations can be made:
· The minimum FF range length of a DFF system supporting FR2 is now dictated by the lowest frequency instead of the highest frequency and is ~1/2 of that with a fixed aperture size. 
· The min. NF range for PC3 devices is not affected significantly. 
[bookmark: _Ref47081396]Table 4: Minimum FF and NF range lengths for black box conditions and PC3 devices with a 30cm QZ utilizing the effective aperture approach
[image: ]
A similar comparison is presented for PC1 devices in Table 5 for the existing fixed aperture approach and in Table 6 for the effective aperture approach.  
[bookmark: _Ref47082149]

Table 5: Minimum FF and NF range lengths for black box conditions and PC1 devices with a 30cm QZ utilizing the fixed aperture approach
[image: ]
[bookmark: _Ref47082173]Table 6: Minimum FF and NF range lengths for black box conditions and PC1 devices with a 30cm QZ utilizing the effective aperture approach
[image: ]
Here, the following observations can be made:
· The minimum FF range length of a DFF system supporting FR2 is dictated by the lowest frequency for the effective aperture approach instead of the highest frequency and is ~1/2 of that with a fixed aperture size. 
· The min. NF range for PC1 devices is reduced significantly. 
It is proposed to adopt the effective antenna aperture approach, i.e., taking into account the frequency dependence of the max antenna array aperture, for DNF and potentially DFF range length determinations. 
[bookmark: _Ref47443951]Proposal 2: Adopt the effective antenna aperture approach, i.e., taking into account the frequency dependence of the max antenna array aperture, for DNF and possibly DFF range length determinations
The min. range lengths for spurious emissions testing have not been defined yet but should likely follow a similar concept. 


Near-Field Testing Considerations of UEs with Beam Forming Utilizing Black-Box Testing Approach
In this section, we investigate testing considerations for EIRP/EIS/TRP based test cases of NR FR2 devices utilizing beam forming when testing in the near field of the DUT. Here, we assume that the beam peak direction for the respective test cases is known and re-used from a beam peak search performed in an FF/IFF system. As the TX and RX beam peak searches do not suffer from low PSD, i.e., high DL power or low UL power, the respective results from the IFF test system are very reliable and must be considered the reference directions. Additionally, we assume that the black-box testing approach, as currently used for all NR FR2 conformance testing, is leveraged. 
An example UE and antenna array implementations are illustrated in Figure 6 with two antenna panels. The red beam transmitted or received from the panel in the top right corner, i.e., offset from the geometric centre, yields the best performance, i.e., the TX/RX beam peak is in the broadside direction (horizontal).
[image: ]
[bookmark: _Ref47087494]Figure 6: Sample UE and antenna array implementation

When this UE is placed in a reference FF/IFF system with the geometric centre of the UE aligned with the centre of the QZ, the offset of the antenna array yielding the best beam does not affect the EIRP/EIS measurements in the beam peak direction as the beam peak directions with respect to the offset antenna and with respect to the centre of QZ are aligned and the measurement probe is placed in that BP direction.
[image: ]
Figure 7: Sample UE placed in a reference FF/IFF system for measurement in the BP direction

When this UE is now investigated in a DNF system with a NF probe in the vicinity of the UE, see Table 4 and Table 6, various testing aspects need to be considered. First of all, when the device with (unknown) offset of the antenna array is positioned like in the FF/IFF systems, i.e., the geometric centre of the UE is aligned with the centre of the QZ/positioning axes of the DNF positioner system, the direction of the measurement probe w.r.t. to the offset antenna is no longer aligned with its actual beam peak direction. This case is outlined schematically in Figure 8. For offset antennas, this DNF measurement approach can yield incorrect EIRP/EIS measurements due variation of antenna gains in different direct line-of-sight directions. This concept is similar to the directivity MU outlined in [10]. 
[image: ]
[bookmark: _Ref47090758]Figure 8: Sample UE placed in DNF system for measurement in the known BP direction determined by the FF/IFF system

[bookmark: _Ref47443943]Observation 9: Performing black-box DNF measurements with a UE and offset antennas in the known beam peak direction can yield incorrect EIRP/EIS measurements
In order to improve the accuracy of EIRP/EIS measurements, a local search around the known BP direction (from the reference system) might be necessary that yields a much more accurate EIRP/EIS result when measured in the NF. This approach is illustrated schematically in Figure 9.  
[image: ]
[bookmark: _Ref47091713]Figure 9: Optimized beam peak measurement in a DNF system after a local search around the known BP direction. 

[bookmark: _Ref47443944]Observation 10: Performing accurate black-box DNF measurements with a UE and offset antennas requires local searches around the known beam peak direction to improve EIRP/EIS measurements. 
What further complicates these scenarios, however, is that the UE’s antenna array has a number of different codebooks available to further adjust the beams for DNF measurements. This is illustrated schematically in Figure 10 when the DNF probe is placed in the known beam peak measurement direction with respect to the centre of QZ. Clearly, the large offset of the antenna could cause a large relative angular change with respect to the measurement probe that could make the antenna array select a different codebook and thus antenna beam. The consequence of this scenario is that the DNF system would evaluate a different, unintended antenna beam with potentially completely different EIRP/EIS results. 
[image: ]
[bookmark: _Ref47100279]Figure 10: Sample UE placed in DNF system for measurement in the known BP direction determined by the FF/IFF system with UE antenna array applying beam forming. 

The same concept, i.e., the UE antenna array selecting different, unintended beams, could be applied when the DNF system is performing a local search around the known the beam peak direction, as illustrated schematically in Figure 11. In this simple example, the local beam peak search around the known beam peak could result in a further optimized EIRP/EIS measurement after the UE antenna array applies a different codebook which makes the UE select a different beam pointed more directly at the DNF measurement probe. 
[image: ]
[bookmark: _Ref47100707]Figure 11: Optimized beam peak measurement in a DNF system after a local search around the known BP direction with UE antenna array applying beam forming. 

[bookmark: _Ref47443945]Observation 11: When performing DNF measurements of NR FR2 devices utilizing beam forming, the beam forming of the UE towards the DNF measurement probe could result in measurements of undesired beams and incorrect EIRP/EIS beam peak measurements
In order to avoid the above the issues and to guarantee that the correct beam is measured, it is proposed for DNF systems to utilize a FF probe that allows the UE to select the proper beam in the known beam peak direction. A beam lock via the UBF [13] would then make sure that the UE no longer changes its antenna pattern when the DNF measurement probe is used to perform the measurements with significantly reduced free-space path losses than in existing IFF systems. 
[bookmark: _Ref47443952]Proposal 3:  DNF systems to utilize an FF probe and UBF activation that allows the UE to select the intended beam. 


Near-Field Testing without a Transform
Testing EIRP/EIS in the near-field without any transform, not necessarily a Near-Field to Far-Field transform, i.e., NFTF methodology, is very problematic with the black-box approach. Path loss differences significantly affecting power measurements are further illustrated in Figure 12.
[image: ]
[bookmark: _Ref47372211]Figure 12: Illustration of path loss differences with significant effect on EIRP/EIS measurements

Here, three potential antenna locations A1, A2, and A3 are assumed that are displaced by half the quiet zone radius (the D/2 or Deff/2 was omitted here for simplicity). The three antennas each have their peak beams in the horizontal direction where the near-field probe would be placed for the beam peak measurements (effects of the UE on the antenna pattern are not taken into account here). Assuming a 30cm QZ diameter and a 20cm range length, rDNF, this example would result in near-field path loss differences of up to ~17dB as tabulated in Table 7.
[bookmark: _Ref47373345][bookmark: _Ref47373321]Table 7: Worst case path loss differences for 30cm QZ diameter and 20cm NF range length
	f [GHz]
	NF Path Loss Difference [dB]

	
	Between A1 & A2
	Between A1 & A3
	Between A2 & A3

	24.25
	4.9
	16.9
	12.0

	30
	4.9
	16.9
	12.0

	40
	4.9
	16.9
	12.0

	43.5
	4.9
	16.9
	12.0

	52.6
	4.9
	16.9
	12.0


Clearly, this worst-case example clearly outlines that DNF testing without any transform is not really applicable to FR2 UE RF conformance testing of EIRP/EIS based metrics. 
[bookmark: _Ref47443946]Observation 12: Assuming a 30cm QZ diameter and a 20cm range length, near-field path loss differences up to ~17dB can be observed. 
[bookmark: _Ref47443953]Proposal 4: The DNF testing methodology without any transform cannot be considered for NR FR2 testing for EIRP/EIS based metrics.


Near-Field Testing with a Transform
Given the observation outlined in the previous section, near-field testing would require a transform of some sort, not necessarily a Near-Field to Far-Field transform utilizing a 3D scan in the vicinity of the UE. 
In this section, we are outlining our simulation results for a near-field methodology utilizing a simple transform which allows both highly accurate EIRP/EIS measurements in the near field but also an accurate prediction of the radiating antenna element location within the QZ for the black box testing approach. Details of this approach are not presented here due to lack of time. It should be pointed out though that this transform is not based on a NF to FF transformation utilizing a 3D scan of fields (NFTF methodology defined in [10]) which is test time prohibitive for EIRP based test cases and currently not applicable to EIS. 
The min. required NF range length for this approach is matching the range lengths tabulated in Table 4 and Table 6 based on the effective antenna aperture approach. 
The basis for the analyses are outlined in Figure 13. A large number of CST 3D EM simulations were performed for an antenna array offset, zoff, from the centre of QZ up to 15cm (along one direction within the UE for now) and with the antenna tilted arbitrarily with a tilt angle qtilt. The antenna array is assumed to be an 8x2 antenna array with l/2 inter-element spacing with a simulation frequency of 28 GHz. Additionally, the min. measurement distance rDNF was varied from 22cm to 30cm.  
[image: ]
[bookmark: _Ref47431356]Figure 13: Illustration of the NF Testing with Transform simulation parameters
The results for the average EIRP errors (referenced to the EIRP in the FF obtained by CST as well) and the standard deviations are shown in Figure 14 and Figure 15, respectively. Clearly very small errors and thus small measurement uncertainties (less than 0.1dB for mean error and less than 0.4dB for std. deviation) can be observed for antenna array offsets up to 15cm from the centre of QZ with min. range lengths of 22cm for 8x2 antenna arrays. 
[image: ]
[bookmark: _Ref47432406]Figure 14: Simulation results for mean EIRP error
[image: ]
[bookmark: _Ref47432408]Figure 15: Simulation results for std. deviation of EIRP error
[bookmark: _Ref47443947]Observation 13: The novel NF testing approach with Transform shows very promising measurement accuracies for NF EIRP measurements

Figure 16 and Figure 17 show the estimated mean and standard deviations of the antenna array offset errors (when compared to the actual offset used in the CST simulations) for the same four samples offsets up to 15cm. Clearly, this methodology demonstrates that the antenna location can be predicted very accurately. 
[bookmark: _Ref47443948]Observation 14: The novel NF testing approach with Transform can accurately predict the offset of the antenna array from the centre of QZ. 
[image: ]
[bookmark: _Ref47432676]Figure 16: Simulation results for mean antenna array offset error
[bookmark: _Ref47432678][image: ]
Figure 17: Simulation results for std. deviation of antenna array offset error
Not further presented here are simulations using Keysight SystemVue, an electronic design automation environment for electronic system-level design as well as NR end-to-end system simulations which can be used to for standard-compliant 5G NR signal generation and advanced receiver modelling for EVM and throughput simulations. The results of this study showed that the findings presented with respect to EIRP are applicable to EIS as well. 
While this enhanced test methodology shows very accurate EIRP/EIS measurements can be performed in the NF, the relaxations outlined in the SID [1] clearly cannot be compensated with DNF methodologies as outlined previously, e.g., Table 2 and Observation 8. Feedback from industry is therefore requested whether to continue efforts in terms of simulations and empirical investigations on this enhanced NF methodology with transform. 
[bookmark: _Ref47443954][bookmark: _Ref47625499]Proposal 5: Feedback from industry is requested whether to continue efforts in terms of simulations and empirical investigations on this enhanced NF methodology with transform


TRP Testing in the Near Field
While it has always been argued that TRP can be tested in the near-field due to conservation of power, no clear measurement uncertainty analyses have been presented to quantify the errors. In this section, we briefly present our findings for measurement uncertainties when testing TRP in the near field. 
In the following analyses, the 8x2 antenna array was studied using Matlab similar to analyses outlined in [10] with the exception that near-field effects of the antenna pattern were taken into account. Figure 18, for instance, outlines the differences in the 8x2 antenna pattern at the 2D2/l distance (left) and at 1/8th of that distance. Clearly, pattern changes in the NF can be observed. 
[image: ][image: ]
[bookmark: _Ref47624800]Figure 18: Radiation pattern of the 8x2 antenna array at 2D2/l FF distance (on left) and in NF at 1/8th of FF distance (on right)
Unlike the simulations in [10], random antenna offsets anywhere within the 30cm spherical QZ were taken into account here. The histograms of the rotation angles and offsets are illustrated in Figure 19.
[image: ]
[bookmark: _Ref47434701]Figure 19: Histograms of the simulation parameters: rotation angles and antenna array offsets.
The randomized antenna array offsets inside the quiet zone are illustrated in Figure 20 which show a uniform distribution of offsets.
[image: ]
[bookmark: _Ref47434670][bookmark: _Ref47434666]Figure 20: Illustration of the random antenna array offsets within the QZ. 
In the following, the TRP simulation results are outlined without any correction applied, i.e., the unknown, random offset is not compensated. Additionally, the results from a novel TRP approach that takes into account the offset, e.g., determined using the methodology discussed in the previous section, is presented. Details of this approach are not presented here due to lack of time.
The first set of results are for a NF range length of 20cm with a maximum 8x2 antenna array offset in x, y, and z of 15cm (the additional D/2 or Deff/2 offset was omitted here for simplicity). The TRP sampling grid was assumed to be a constant-step size grid with 2o step size in q and f, i.e., very fine measurement grid when compared to the permitted 15o step size grid for IFF measurements and PC3 devices with worst-case antenna assumptions of 8x2. The TRP quadrature is based on the Clenshaw-Curtis approach. A total of 10,000 TRP simulations with random antenna array rotations and offsets up to 15cm were performed. 
The histogram of the TRPs with and without correction are shown in Figure 21. Clearly, even with very fine measurement grids, large uncertainties can be observed for TRP for measurements performed in the NF with antenna arrays offset from the centre of QZ (black box). On the other hand, the novel TRP NF approach taking the offsets into account allows for very accurate TRP measurements in the NF. 
[bookmark: _Hlk47625616][image: ]
[bookmark: _Ref47441777][bookmark: _Ref47441757]Figure 21: TRP simulation results with NF range length of 20cm and random antenna array orientations and offsets (30cm QZ). A constant-step size measurement grid with 2o step size was applied. 
The results for another analysis are presented for mean TRP error and std. deviation of TRP error in Figure 22 and Figure 23, respectively. Here, the NF range length was again assumed to be 20cm and a measurement grid with 10o step size was selected this time. In these figures, the cumulative mean errors and standard deviations are shown as a function of the simulation number; convergence can be observed after about 5000 simulations. Clearly, for this coarser measurement grid, the TRP MUs of 0.66dB (systematic) and 0.46dB (RSS’ed) without any correction are significant but can be reduced significantly with the novel TRP offset approach with MUs of 0.25dB (systematic) and 0.21dB (RSS’ed).
[bookmark: _Ref47625497][bookmark: _Ref47443949]Observation 15: Large uncertainties can be observed for TRP for measurements performed in the NF utilizing the black back box approach. 
[bookmark: _Ref47443950][bookmark: _Ref47625498]Observation 16: With the offset of the antenna array known, e.g., estimated with the enhanced NF methodology introduced in this contribution, very accurate TRP measurements in the NF can be made with a TRP offset compensation approach

[image: ]
[bookmark: _Ref47443130]Figure 22: TRP simulation results for mean error with NF range length of 20cm and random antenna array orientations and offsets (30cm QZ). A constant-step size measurement grid with 10o step size was applied. 

[image: ]
[bookmark: _Ref47443132]Figure 23: TRP simulation results for standard deviation with NF range length of 20cm and random antenna array orientations and offsets (30cm QZ). A constant-step size measurement grid with 10o step size was applied. 
[bookmark: _Ref47625423]Proposal 6: When performing TRP measurements in the NF, the offsets should be compensated to improve the measurement uncertainty. 


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 for full test case coverage
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: Feedback whether enhanced testability methods need to perform beam peak searches and spherical coverage tests was inconclusive.
Observation 5: If white box test approach is selected for an enhanced NF test methodology, 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: If white box test approach is selected for an enhanced NF test methodology, a vendor declaration is required which antenna panel is active in any UL/DL test direction and the detailed locations of the panels within the DUT.
Observation 7: For white box testing, the min. range lengths for NF systems capable of single direction, TRP, and spherical coverage test cases is larger than for black box testing
Observation 8: The reduction in pathloss for NF systems is about 13dB (11dB) for black (white) box testing when compared to IFF.
Observation 9: Performing black-box DNF measurements with a UE and offset antennas in the known beam peak direction can yield incorrect EIRP/EIS measurements
Observation 10: Performing accurate black-box DNF measurements with a UE and offset antennas requires local searches around the known beam peak direction to improve EIRP/EIS measurements.
Observation 11: When performing DNF measurements of NR FR2 devices utilizing beam forming, the beam forming of the UE towards the DNF measurement probe could result in measurements of undesired beams and incorrect EIRP/EIS beam peak measurements
Observation 12: Assuming a 30cm QZ diameter and a 20cm range length, near-field path loss differences up to ~17dB can be observed.
Observation 13: The novel NF testing approach with Transform shows very promising measurement accuracies for NF EIRP measurements
Observation 14: The novel NF testing approach with Transform can accurately predict the offset of the antenna array from the centre of QZ.
Observation 15: Large uncertainties can be observed for TRP for measurements performed in the NF utilizing the black back box approach.
Observation 16: With the offset of the antenna array known, e.g., estimated with the enhanced NF methodology introduced in this contribution, very accurate TRP measurements in the NF can be made with a TRP offset compensation approach
Proposal 1: Keep the black box test approach for NR FR2 conformance testing
Proposal 2: Adopt the effective antenna aperture approach, i.e., taking into account the frequency dependence of the max antenna array aperture, for DNF and possibly DFF range length determinations
Proposal 3:  DNF systems to utilize an FF probe and UBF activation that allows the UE to select the intended beam.
Proposal 4: The DNF testing methodology without any transform cannot be considered for NR FR2 testing for EIRP/EIS based metrics.
Proposal 5: Feedback from industry is requested whether to continue efforts in terms of simulations and empirical investigations on this enhanced NF methodology with transform
Proposal 6: When performing TRP measurements in the NF, the offsets should be compensated to improve the measurement uncertainty.
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