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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 the Enhanced Testability SI [1].
White-Box vs Black-Box vs Black&White 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. 
In the last RAN4#97-e meeting, it was decided to forego white-box testing given some of the previous concerns as well as the benefits of the black-box approach outlined in [9]. In addition to the black-box approach, the black&white-box approach is under consideration in this SI and incorporated in the TR [10][11]. The assumption for this approach is that the antenna phase centre offset for the antenna panel that corresponds to the FF beam peak is known and declared, i.e., following the white-box approach. On the other hand, however, it is assumed that the geometric centre of the DUT is aligned with the centre of the QZ, i.e., following the black-box approach. System implications, impact of test time of these approaches are outlined in later sections. 
With this black&white-box approach, only the location of the antenna panel that yields the beam peak radiation would have to be declared. A sample declaration is shown in Table 1. 
[bookmark: _Ref54193668]Table 1: Sample Vendor Declaration for black&white-box approach 
	Phase-centre offset from geometric centre of DUT of antenna panel yielding TX beam peak:
	Phase-centre offset from geometric centre of DUT of antenna panel yielding RX beam peak:

	(xoff, yoff, zoff)
	(xoff, yoff, zoff)




Direct Near Field (DNF) Spherical Coverage and Beam Peak Search Simulations
In this section, we perform near-field and far-field simulations of Ny x Nz antenna arrays including beam steering using antenna assumptions agreed in [15]. 
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These simulations will be used to determine whether direct NF (DNF) measurements, i.e., measurements without any transformations, are suitable for spherical coverage and beam peak searches. 
One adjustment to the previously agreed assumptions was made, i.e., the HPBW assumptions for the individual antenna elements. Instead of the 130o/260o assumption from Clause G1.1 of [13], the HPBWs were assumed to be 90o/90o as suggested in [16]. This also addresses feedback received last RAN4#97-e that the simulations based on the 130o/260o HPBW assumption did not take ground plane blockinginto account. The comparison of the FF 8x2 array patterns with the 130o/260o HPBW assumption vs 90o/90o HPBW assumption is shown in Figure 1. Clearly the back lobe of the array with the 130o/260o single-element HPBW is significantly larger than with the 90o/90o single-element HPBW.
[image: ][image: ]
[bookmark: _Ref60753480]Figure 1: Comparison of 130o/260o HPBW (left) vs 90o/90o HPBW (right) assumption for 8x2 antenna pattern in FF.

The pattern simulations assume superpositions of individual, single-element far-field antenna patterns; this approach requires that the NF of Ny x Nz antenna array is well in the FF of the single-element antenna as illustrated schematically in Figure 2. 
[image: ]
[bookmark: _Ref54076347]Figure 2: NF and FF Interface Distances of single-element vs Ny x Nz antenna array.
The FF distances for the single-element and the NF distances for sample 4x1 and 8x2 antenna arrays are tabulated in Table 2. 
[bookmark: _Ref54076580]Table 2: FF distances for the single-element and NF distances for sample 4x1 and 8x2 antenna arrays

[image: ]
[bookmark: _Ref54196911]Observation 1: The NF interface distances of 4x1 and 8x2 antenna arrays are in the FF of the single element.
The superposition approach can be expressed mathematically using the following expression 

with
· EIRP(𝜃,ϕ,𝑟): EIRP of transmitted signal at range length 𝑟 in direction (𝜃,ϕ)
· P: accepted power by antenna array (“conducted” power)
· : complex coefficient for kth antenna array element
· : far-field single-element antenna pattern for kth antenna element
· (𝜃k,ϕk) : EL and AZ angles between kth antenna element and measurement grid point (𝜃,ϕ,𝑟)
· : wavelength
· : distance between antenna element k of AUT to measurement grid point (𝜃,ϕ,𝑟)
· : amplitude loss caused by propagation on length of  
· : the phase variation caused by propagation on length of 
The NF and FF antenna patterns for a sample 8x2 antenna array are illustrated in Figure 3. Here, it can be seen that the beam in the NF is wider than the beam in the FF and that the peak gain is higher in the FF than in the NF. 
[image: ]
[bookmark: _Ref54077602]Figure 3: NF and FF patterns of sample 8x2 antenna array.
The EIRP simulations in the remaining portion of this section were performed using Matlab and the previously agreed antenna and beam forming assumptions. 
For each DUT orientation, every beam forming state (codebook) of each antenna panel was simulated and the EIRP at the probe antenna (assumed to be isotropic) was recorded for each beam forming state. The maximum total component of the EIRP recorded at the probe antenna was then used for the CDF spherical coverage analyses for each device orientation. Sample visualizations of the beam forming simulations and the resulting beam and thus EIRP used for the sample 8x2 antenna array with the previously assumed 130o/260o HPBW were presented in [9]. 
In [9], spherical coverage analyses were presented for select offsets, range lengths, and antenna configurations (8x2, 4x1). The test point grid spacing was very fine with Dq=Df=1o. The intention of this contribution is to present statistical analyses of the spherical coverage analyses for a large number of offsets which requires a relaxation of the grid spacing in order to keep the simulation times reasonable (weeks instead of months). As such, analyses were performed for results presented previously to determine an acceptable min grid point spacing. Here, the 8x2 antenna array was chosen as a baseline since it corresponds to the worst case (more directive antennas require finer measurement grids). The spherical coverage results for two sample range lengths in the NF (25cm and 45cm) were analysed for different array offsets in x, y, and z and combinations thereof for different grid spacings of 1o, 3o, 5o, 10o, 15o. The sample results shown in Figure 4 through Figure 7 show that a 10o measurement grid yields acceptable 50%-ile and 100%-ile results compared with the very fine 1o grid and that grids with spacing of 5o and better show almost insignificant differences in the spherical coverage curves when compared to the very fine grid.
[bookmark: _Ref61274803]Observation 2: A measurement grid with 5o spacing or better shows almost insignificant differences in the spherical coverage curves for the 8x2 antenna array and max offsets up to 12.5cm. 
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[bookmark: _Ref60758776]Figure 4: Spherical Coverage Analyses for 8x2 antenna array for 25cm (left) and 45cm (right) range length. The antenna offsets are (x,y,z)=(8 cm/8 cm/8 cm)
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Figure 5: Spherical Coverage Analyses for 8x2 antenna array for 25cm (left) and 45cm (right) range length. The antenna offsets are (x,y,z)=(0 cm/9 cm/9 cm)
 [image: ][image: ]
Figure 6: Spherical Coverage Analyses for 8x2 antenna array for 25cm (left) and 45cm (right) range length. The antenna offsets are (x,y,z)=(0 cm/12.5 cm/0 cm)
[image: ][image: ]
[bookmark: _Ref60758788]Figure 7: Spherical Coverage Analyses for 8x2 antenna array for 25cm (left) and 45cm (right) range length. The antenna offsets are (x,y,z)=(0 cm/0 cm/12.5 cm)

Before some of the statistical results are presented in detail, the effect of the HPBW assumptions on spherical coverage/CDF curves is presented first. The first set of results are for the 130o/260o HPBWs in Figure 8 are the same as those presented in [9], specifically Figure 18. On the left, the CDF curves for 4 different range lengths, 25cm, 30cm, 45cm (all NF) and 20m (FF) are shown. The NF results clearly show that the beam peak (100% CDF) is estimated very poorly with ~4dB error using the direct near-field measurements while the 50%-ile EIRP is estimated to be within ~0.5dB. Figure 8 also illustrates the DUT orientations and respective antenna array patterns that yield the best EIRP at the measurement probe antenna for the 20m FF and the 25cm NF range lengths for the 8x2 antenna array. For the FF range length of 20m, the offsets of 9cm in y and 9cm in z are insignificant and do not have any effect as the BP was recorded towards (q/f) of (90o/0o). However, at a 25cm NF distance, the EIRP at the probe antenna is optimized for a DUT orientation (q/f) of (55o/67o), i.e., an orientation where the top antenna is placed much closer to the probe antenna. Even though the beam was steered off axis, the reduced distance between the probe and the antenna array when compared to the calibrated 25cm range length allowed an increase of the peak EIRP by ~4dB. On the other hand, the same DUT orientation (q/f) of (90o/0o) that yields the beam peak in the FF results in an EIRP ~7dB lower than the local BP direction of (55o/67o).
The same analysis was done for the single-element HPBWs of 90o/90o in Figure 9. The spherical coverage/CDF curves have a much wider spread (towards smaller EIRPs) than the curves in Figure 8. The NF results show that the beam peak (100% CDF) is estimated poorly with ~2dB error using the direct near-field measurements while the 50%-ile EIRP is estimated to be within ~1dB. For the FF range length of 20m, the offsets of 9cm in y and 9cm in z are again insignificant and do not have any effect as the BP was recorded towards (q/f) of (90o/0o). However, at a 25cm NF distance, EIRP at the probe antenna is optimized for a DUT orientation (q/f) of (51o/34o), i.e., an orientation where the top antenna is placed much closer to the probe antenna. Even though the beam was steered off axis, the reduced distance between the probe and the antenna array when compared to the calibrated 25cm range length allowed an increase of the peak EIRP by ~2dB. On the other hand, the same DUT orientation (q/f) of (90o/0o) that yields the beam peak in the FF results in an EIRP ~6dB lower than the local BP direction of (51o/34o).
[image: ]
[bookmark: _Ref54084674]Figure 8: Illustration of Beam Peak search results for an antenna offset of 9cm in y and 9cm in z. The single-element antenna pattern HPBWs are 130o/260o [Figure 18 of [9]].

[image: ]
[bookmark: _Ref60848392][bookmark: _Hlk60858255]Figure 9: Illustration of Beam Peak search results for an antenna offset of 9cm in y and 9cm in z. The single-element antenna pattern HPBWs are 90o/90o. 

[bookmark: _Ref54196912]For the statistical analyses, a total of 10,000 simulations with random and uniformly spaced offsets were performed. These offsets were varied between 0 to 12.5cm in x and from -12.5cm to 12.5cm in y and z. The offsets in x were limited to positive values since it is assumed that the front antenna of the DUT is always in the upper hemisphere since the geometric centre of the device is aligned with the centre of the QZ. A sample set of 10,000 random offsets is visualized in Figure 10. Histograms of the respective offset radii, and offsets in x, y, and z are shown in Figure 11.  
[image: ]
[bookmark: _Ref60760951]Figure 10: Illustration of 10,000 random offsets uniformly spaced within 12.5cm in a single hemisphere.
[image: ]
[bookmark: _Ref60761386]Figure 11: Histograms of 10,000 random offsets uniformly spaced within 12.5cm in a single hemisphere.
The CDF curves for the 8x2 antenna array with 3o step size for all 10,000 random offsets are shown in Figure 12 for 3 different NF range lengths (25cm, 30cm, 45cm) and the 20m FF range length. In each plot, the thick red curve is for the FF reference determine with a 1o step size and a FF distance of 20m. The 50%-ile and 100%-ile (beam peak) CDF statistics of mean error with respect to the FF reference and standard deviation are captured in the title. Additionally, the number of offsets that yielded BP directions in the NF that match the BP direction in the FF (90o,0o) are captured in the title as well. These numbers indicate that for small range lengths, the DUT very frequently selects the incorrect beam and not the beam that yields the beam peak in the FF. For larger range lengths, more and more often the DUT selects the correct beam and in the 20m FF, the correct beam is chosen all the time regardless of offset. These results in Figure 12 show large errors at 100% CDF (BP) but even larger errors at 50% CDF. While those errors/measurement uncertainties reduce with increasing range length, even the 45cm range length shows unacceptable MUs. Figure 13 illustrates the DUT orientations and array offsets resulting in the largest and smallest beam peak for the 8x2 antenna array out of the 10,000 simulations; the results most closely aligned with the FF reference are for antennas with almost no offset and the largest BP is observed with the max 12.5cm array offset towards probe antenna in the x direction. The statistical results of the 8x2 antenna array simulations are tabulated in Table 3. 
[bookmark: _Ref61274804]Observation 3: The measurement uncertainties (mean error and std. deviation) for 50%-ile and 100%-ile CDF the 8x2 antenna array for offsets up to 12.5cm are in excess of 0.5dB for NF distances up to 45cm. 
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[bookmark: _Ref60853893]Figure 12: CDF curves for the 8x2 antenna array with 3o step size for all 10,000 random offsets.


[image: ]
[bookmark: _Ref60858504]Figure 13: Illustration of Beam Peak search results resulting in largest and smallest beam peak for the 8x2 antenna array out of the 10,000 simulations. 

[bookmark: _Ref60859172][bookmark: _Ref60859167]Table 3: Statistical results the 8x2 antenna array with 3o step size for all 10,000 random offsets
	[bookmark: _Ref54196918]Number of Offsets
	Range Length [m]
	Max-Min 100%-ile EIRP [dB]
	Mean 100%-ile EIRP Error w.r.t. FF [dB]
	Std. Dev of 100% EIRP [dB]
	Max-Min 50%-ile EIRP [dB]
	Mean 50%-ile EIRP Error w.r.t. FF [dB]
	Std. Dev of 50% EIRP [dB]
	# of Offsets with same BP dir. as FF

	10000
	0.2
	7.32
	3.25
	1.59
	11.11
	3.14
	2.40
	4975

	10000
	0.25
	5.56
	2.33
	1.20
	7.59
	2.07
	1.58
	6564

	10000
	0.3
	4.55
	1.79
	0.97
	5.40
	1.48
	1.11
	7554

	10000
	0.45
	2.83
	1.03
	0.62
	2.61
	0.73
	0.53
	9502

	10000
	20
	0.06
	0.02
	0.01
	0.16
	0.12
	0.03
	10000


The CDF curves for the 4x1 antenna array with 2.5o step size for all 10,000 random offsets are shown in Figure 14 for 3 different NF range lengths (25cm, 30cm, 45cm) and the 20m FF range length. In each plot, the thick red curve is for the FF reference determine with a 1o step size and a FF distance of 20m. The 50%-ile and 100%-ile (beam peak) CDF statistics of mean error with respect to the FF reference and standard deviation are captured in the title. Additionally, the number of offsets that yielded BP directions in the NF that match the BP direction in the FF (90o,0o) are captured in the title as well. Similar to the 8x2 array, these numbers indicate that for small range lengths, the DUT very frequently selects the incorrect beam and not the beam that yields the beam peak in the FF. For larger range lengths, more and more often the DUT selects the correct beam and in the 20m FF, the correct beam is chosen all the time regardless of offset. The results in Figure 14 clearly show large errors at 100% CDF (BP) but even larger errors at 50% CDF; something not observed in the simulations with the select offsets [9]. While those errors/measurement uncertainties reduce with increasing range length, even the 45cm range length shows unacceptable MUs. Figure 15 illustrates the DUT orientations and array offsets resulting in the largest and smallest beam peak for the 4x1 antenna array out of the 10,000 simulations. The statistical results of the 4x1 antenna array simulations are tabulated in Table 4. 
[bookmark: _Ref61274805]Observation 4: The measurement uncertainties (mean error and std. deviation) for 50%-ile and 100%-ile CDF the 4x1 antenna array for offsets up to 12.5cm are in excess of 0.5dB for NF distances up to 45cm. 
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[bookmark: _Ref60921798]Figure 14: CDF curves for the 4x1 antenna array with 2.5o step size for all 10,000 random offsets.


[image: ]
[bookmark: _Ref60921819]Figure 15: Illustration of Beam Peak search results resulting in largest and smallest beam peak for the 4x1 antenna array out of the 10,000 simulations. 

[bookmark: _Ref60921881]Table 4: Statistical results the 4x1 antenna array with 2.5o step size for all 10,000 random offsets
	Number of Offsets
	Range Length [m]
	Max-Min 100%-ile EIRP [dB]
	Mean 100%-ile EIRP Error w.r.t. FF [dB]
	Std. Dev of 100% EIRP [dB]
	Max-Min 50%-ile EIRP [dB]
	Mean 50%-ile EIRP Error w.r.t. FF [dB]
	Std. Dev of 50% EIRP [dB]
	# of Offsets with same BP dir. as FF

	10000
	0.2
	8.28
	3.97
	1.81
	11.01
	3.39
	2.32
	5959

	10000
	0.25
	5.96
	2.73
	1.27
	7.41
	2.28
	1.55
	7102

	10000
	0.3
	4.60
	2.07
	1.01
	5.32
	1.69
	1.14
	7812

	10000
	0.45
	2.80
	1.17
	0.63
	2.70
	0.90
	0.60
	9559

	10000
	20
	0.06
	0.02
	0.01
	0.05
	0.00
	0.01
	10000


Given the measurement uncertainties for the 8x2 antenna array in Table 3 and for the 4x1 antenna array in Table 4, it should be concluded that the Direct NF methodology is not applicable for spherical coverage test cases and beam-peak searches.
[bookmark: _Ref61274810]Proposal 1: Do not consider the Direct NF methodology as enhanced methodology for spherical coverage test cases and beam peak searches.


Combined FF/DNF (CFFDNF) EIRP/EIS based test case Simulations using the black box approach
In this section, we present additional NF and FF simulations, similar to the ones presented in the previous section. The approach here is based on the Combined far-field/direct-near-field (CFFDNF) methodology introduced last meeting [9] and adopted in the TR [10][11]. 
	Combined far-field/direct-near-field (CFFDNF) system utilizing a correction for the array displacement from the center of the DUT, where beam peak direction and UE beamlock function (UBF) activation are performed based on the far-field method and then test case procedures are performed based on the direct near-field method. Applicability to EIRP measurements is FFS.


A suitable implementation of such hybrid NF and FF system is shown schematically in Figure 16 where a NF probe is integrated inside an IFF system. Alternate implementations are not precluded. 
[image: ]
[bookmark: _Ref54195200]Figure 16: Hybrid NF/(I)FF test setup suitable for NF measurements utilizing black-box approach [Figure 28 of [9]]. 
To guarantee that the correct beam is measured for when the black-box measurement approach is applied, the CFFDNF approach would utilize a FF probe that allows the UE to select the proper beam in the known beam peak direction. A beam lock activation via the UBF [18] would then make sure that the UE no longer changes its antenna pattern when the NF measurement probe is used to perform the measurements with significantly reduced free-space path losses than in existing IFF systems. The appropriate test steps required for NF testing based on the CFFDNF approach of DUTs with unknown phase-centre offsets (black box) are illustrated in Figure 17. 
[image: ]
[bookmark: _Ref54097809]Figure 17: Test Steps for NF testing of DUTs with unknown antenna phase centre offset (black box). 
The idea here is that the FF beam peak direction of the DUT is known, i.e., (q,f) = (90o,0o) for the sample DUT considered, e.g., perpendicular to the DUT as illustrated schematically in Figure 18 .
[image: ]
[bookmark: _Ref60932174]Figure 18: Sample UE placed in a reference FF/IFF system for measurement in the BP direction

The first set of simulations assume the measurements are performed in both NF and FF towards the known FF BP direction with respect to the centre of QZ. As per the original definition of the CFFDNF, the FF beam peak direction is locked using the UBF and a link probe in the FF. In other words, the BP direction of the DUT antenna(s), determined with an (I)FF system, is known and the DUT antenna is not allowed to steer its beams to optimize the radiation towards the measurement probe, as illustrated in Figure 19.
[image: ]
[bookmark: _Ref60941303][bookmark: _Ref60941299]Figure 19: Sample UE placed in CFFDNF system for measurement in the known BP direction determined by the FF/IFF system with UE antenna array’s best beam locked using the UBF. 
Since these simulations do not require 3D scans but just single-directional measurements, they take a lot less time than the simulations in the previous section. For the statistical analyses, a total of 100,000 simulations with random and uniformly spaced offsets were performed. Similar to the offsets in the previous section, these offsets were varied between 0 to 12.5cm in x and from -12.5cm to 12.5cm in y and z. The offsets in x were limited to positive values since it is assumed that the front antenna of the DUT is always in the upper hemisphere since the geometric centre of the device is aligned with the centre of the QZ. A sample set of 100,000 random offsets is visualized in Figure 20. Histograms of the respective offset radii, and offsets in x, y, and z are shown in Figure 21.  
[image: ]
[bookmark: _Ref60941393]Figure 20: Illustration of 100,000 random offsets uniformly spaced within 12.5cm in a single hemisphere.
[image: ]
[bookmark: _Ref60941408]Figure 21: Histograms of 100,000 random offsets uniformly spaced within 12.5cm in a single hemisphere.
A histogram of the 100k EIRP simulations for 4 different NF range lengths (20cm, 25cm, 30cm, 45cm) and the 20m FF range length is shown in Figure 22 and the statistical results of these simulations are tabulated in Table 5. In both the figure and the table (last column), the number of simulations that used the beam forming state (code book) that yielded the FF beam peak, i.e., the beam formed perpendicular to the DUT, are presented. Clearly, since the beam was locked in the FF beam peak direction using the FF probe together with the UBF activation, that number has to match the number of offset simulations. The two offsets that yielded the ~34dB differences in BP results are shown in Figure 23 for the 25cm range length. Again, it should be noted that the patterns shown in these figures are NF patterns, referenced to the centre of QZ, sampled by the NF probe. The tilt of the pattern is due to the large offset of the antenna array and does not correspond to a beam steered pattern towards the measurement probe. The pattern with respect to the array centre is perpendicular to the DUT for all of these simulations. Due to the short range length, some of the NF measurements are yielding very small numbers as illustrated with the black dotted line in Figure 19.
[image: ]
[bookmark: _Ref61436263]Figure 22: Histogram of 100,000 EIRP simulations with random 8x2 antenna array offsets uniformly spaced within 12.5cm in a single hemisphere. The DUT was not allowed to optimize EIRP results with beam steering towards the measurement probe, i.e., UBF was activated.  

[bookmark: _Ref61436239]Table 5: Statistical results of 100,000 EIRP simulations with random 8x2 antenna array offsets uniformly spaced within 12.5cm in a single hemisphere. The DUT was not allowed to optimize EIRP results with beam steering towards the measurement probe.
	Range Length [m]
	Max-Min EIRP at (90,0) [dB]
	Mean EIRP Error w.r.t. FF [dB]
	Std. Dev of EIRP at (90,0) [dB]
	# of Offsets with code book yielding FF BP

	0.20
	39.26
	11.80
	7.72
	100000

	0.25
	34.15
	9.26
	6.73
	100000

	0.30
	27.89
	7.99
	6.82
	100000

	0.45
	27.75
	4.85
	6.40
	100000

	20.00
	0.06
	0.02
	0.01
	100000



[image: ][image: ]
[bookmark: _Ref60942401]Figure 23: Illustration of Beam Peak search results for the 25cm range length resulting in largest and smallest beam peak for the 8x2 antenna array out of the 100,000 simulations with the DUT not allowed to beam steer towards the measurement probe. 

Similar results for the 4x1 antenna array are presented in Figure 24, Table 6, and Figure 25. 
Clearly, these results show that the black-box CFFDNF approach, i.e., UBF is activated to steer the beam towards the FF beam peak direction with a separate FF probe is not suitable for EIRP/EIS measurements in the NF (even at 45cm range length) due to the very large measurement uncertainties. 
[bookmark: _Ref61274806]Observation 5: The black-box CFFDNF approach with the UBF to activate to steer the beam towards the FF beam peak direction with a separate FF probe is not suitable for EIRP/EIS measurements towards the declared FF BP direction in the NF (even at 45cm range length) due to the very large measurement uncertainties

 [image: ]
[bookmark: _Ref60943203]Figure 24: Histogram of 100,000 EIRP simulations with random 4x1 antenna array offsets uniformly spaced within 12.5cm in a single hemisphere.  The DUT was not allowed to optimize EIRP results with beam steering towards the measurement probe, i.e., UBF was activated.  

[bookmark: _Ref60943233]Table 6: Statistical results of 100,000 EIRP simulations with random 4x1 antenna array offsets uniformly spaced within 12.5cm in a single hemisphere. The DUT was not allowed to optimize EIRP results with beam steering towards the measurement probe.
	Range Length [m]
	Max-Min EIRP at (90,0) [dB]
	Mean EIRP Error w.r.t. FF [dB]
	Std. Dev of EIRP at (90,0) [dB]
	# of Offsets with code book yielding FF BP

	0.20
	40.18
	6.89
	8.56
	100000

	0.25
	35.17
	3.65
	5.63
	100000

	0.30
	18.44
	1.90
	3.38
	100000

	0.45
	7.81
	0.37
	1.45
	100000

	20.00
	0.06
	0.02
	0.01
	100000



[image: ][image: ]
[bookmark: _Ref60943214]Figure 25: Illustration of Beam Peak search results for the 25cm range length resulting in largest and smallest beam peak for the 4x1 antenna array out of the 100,000 simulations with the DUT not allowed to beam steer towards the measurement probe. 

The second set of simulations assume the measurements are performed in both NF and FF towards the known FF BP direction without locking the beam using the UBF. In other words, the BP direction of the DUT antenna(s), determined with an (I)FF system, is known, the NF probe is placed in the direction of the FF BP direction but the DUT antennas are still allowed to steer beams to optimize the radiation towards the measurement probe, as illustrated in Figure 26.
[image: ]
[bookmark: _Ref47100279]Figure 26: Sample UE placed in CFFDNF system for measurement in the known BP direction determined by the FF/IFF system with UE antenna array permitted to applying beam forming. 
A histogram of the 100k EIRP simulations for 4 different NF range lengths (20cm, 25cm, 30cm, 45cm) and the 20m FF range length is shown in Figure 27 and the statistical results of these simulations are tabulated in Table 7. In both  the figure and the table (last column), the number of simulations that used the beam forming state (code book) that yielded the FF beam peak, i.e., the beam formed perpendicular to the DUT, is presented. Clearly, the shorter the range length, the more often the DUT will try to correct/optimize the beam towards the measurement probe while for the 20m FF range length 100% of the simulations used the correct beam. The offsets that yielded the ~19dB differences in BP results for the 25cm range length are illustrated in Figure 28. 
[image: ]
[bookmark: _Ref60936130]Figure 27: Histogram of 100,000 EIRP simulations with random 8x2 antenna array offsets uniformly spaced within 12.5cm in a single hemisphere. The DUT was allowed to optimize EIRP results by beam steering towards the measurement probe.  

[bookmark: _Ref60936164]Table 7: Statistical results of 100,000 EIRP simulations with random 8x2 antenna array offsets uniformly spaced within 12.5cm in a single hemisphere. The DUT was allowed to optimize EIRP results by beam steering towards the measurement probe.
	Range Length [m]
	Max-Min EIRP at (90,0) [dB]
	Mean EIRP Error w.r.t. FF [dB]
	Std. Dev of EIRP at (90,0) [dB]
	# of Offsets with code book yielding FF BP

	0.20
	20.62
	3.11
	3.32
	19019

	0.25
	18.78
	2.86
	3.28
	33587

	0.30
	17.58
	3.10
	3.32
	51344

	0.45
	14.52
	3.15
	3.39s
	82919

	20.00
	0.06
	0.02
	0.01
	100000



[image: ][image: ]
[bookmark: _Ref60936425]Figure 28: Illustration of Beam Peak search results for the 25cm range length resulting in largest and smallest beam peak for the 8x2 antenna array out of the 100,000 simulations with the DUT allowed to beam steer towards the measurement probe. 

Similar results for the 4x1 antenna array are presented in Figure 29, Table 8, and Figure 30. 
Clearly, these results show that the black-box DNF or CFFDNF approach while allowing the DUT to optimize the beams, i.e., UBF is not activated, is not suitable for EIRP/EIS measurements in the NF (even at 45cm range length) due to the very large measurement uncertainties. 
[bookmark: _Ref61274807]Observation 6: The black-box DFF/CFFDNF approach while allowing the DUT to optimize the beams, is not suitable for EIRP/EIS measurements towards the declared FF BP direction in the NF (even at 45cm range length) due to the very large measurement uncertainties
[bookmark: _Ref61274811]Proposal 2: Do not consider the black-box DNF/CFFDNF approach as enhanced methodology for EIRP/EIS-based measurements with known FF BP direction.


[image: ]
[bookmark: _Ref60940672]Figure 29: Histogram of 100,000 EIRP simulations with random 4x1 antenna array offsets uniformly spaced within 12.5cm in a single hemisphere. The DUT was allowed to optimize EIRP results with beam steering towards the measurement probe.  

[bookmark: _Ref60940685][bookmark: _Ref60940681]Table 8: Statistical results of 100,000 EIRP simulations with random 4x1 antenna array offsets uniformly spaced within 12.5cm in a single hemisphere. The DUT was allowed to optimize EIRP results with beam steering towards the measurement probe.
	Range Length [m]
	Max-Min EIRP at (90,0) [dB]
	Mean EIRP Error w.r.t. FF [dB]
	Std. Dev of EIRP at (90,0) [dB]
	# of Offsets with code book yielding FF BP

	0.20
	13.05
	0.19
	2.12
	36525

	0.25
	9.91
	0.05
	1.61
	46786

	0.30
	8.04
	0.02
	1.35
	56680

	0.45
	5.47
	0.11
	1.07
	82763

	20.00
	0.06
	0.02
	0.01
	100000



[image: ][image: ]
[bookmark: _Ref60940674]Figure 30: Illustration of Beam Peak search results for the 25cm range length resulting in largest and smallest beam peak for the 4x1 antenna array out of the 100,000 simulations with the DUT allowed to beam steer towards the measurement probe. 



Near-Field Testing with a Transform Utilizing Black-Box Testing Approach
As outlined in previous analyses, path loss differences due to short range lengths and relatively large offsets can significantly affect power measurements and thus cause unacceptable measurement uncertainties for DNF and CFFDNF methodologies. 
An asymptotic expansion transform-based approach based on the rate-of-decay estimation can be used to properly calibrate the EIRP/EIS and determine the offset as introduced in [9]. 
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. 
The EIRP of the DUT at an arbitrary far-field distance df from the DUT may be determined according 
			      			(1)
where EIRP(d1) is the measured EIRP with the probe antenna at a near-field distance d1, ∂p/∂d is the derivation of power p to distance d, and d∆d is the differentiation of the distance d. Because the near-field distance d1 is unknown, measurements of the EIRP at multiple measurement distances are needed to derive both the derivation ∂p/∂d and the first near-field distance d1. 
The position of the array phase centre relative to the probe antenna at the first near-field distance d1 and the derivation of power to distance  may be estimated, using 
				
where d is the near-field measurement distance, a is a coefficient of expansion to be determined, and ∆(d) is a redundant term for consisting of terms having a lower order than d-2.  The term ∆(d) may be ignored in analyses. It was found that measurements at three different near-field distances are sufficient to accurately estimate EIRP and the unknown offset of the antenna phase centre.
It should be pointed out though that this transform is not based on a NF to FF transformation utilizing a 3D scan of complex (magnitude and phase) fields (NFTF methodology defined in [13]) which is test time prohibitive for EIRP based test cases and currently not applicable to EIS. It should also be pointed out that phase measurements of the field components are not required at all, i.e., the transform is based on the magnitude measurements (EIRP and EIS) only. 
The test steps for the measurements in the NF are further outlined in Figure 31. As outlined earlier, when utilizing the black-box approach, the initial test steps when testing in the NF are related to making the device select the proper beam with a FF probe. This is further illustrated in Figure 17.The diagrams on the right illustrate the different local searches required for the measurements at each of the three radii. The measurements at the very first radius r1 require a sector of grid points around the known FF beam peak direction big enough so that the local/NF beam peak is captured properly. For the initial local search at r1=20cm, the width of the sector is about ±40o which can be covered using coarse and fine scans to further reduce the number of points. On the other hand, the sector of grid points for measurements at radius r2 and r3 can be significantly smaller as only a small region around the local NF beam peak found at r1 is needed. 

[image: ]
[bookmark: _Ref54100117]Figure 31: Illustration of the NF Testing with asymptotic expansion transform test steps utilizing the black-box approach. 
The min. required NF range length for this approach is matching the range lengths tabulated in Table 10. 
The basis for the analyses is outlined in Figure 32. A large number of CST 3D EM simulations were performed for an antenna array offset, zoff, from the centre of QZ up to 12.5cm (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 and 4x1 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. For all simulations presented in the following figures, r1 was set to rNF -2cm, r2 to rNF-1cm and r3 to rNF.
[image: ]
[bookmark: _Ref47431356]Figure 32: Illustration of the NF Testing with asymptotic expansion 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 33 and Figure 34, respectively. Clearly very small errors and thus small measurement uncertainties (less than 0.1dB for mean error and less than 0.3dB for std. deviation) can be observed for antenna array offsets up to 12.5cm from the centre of QZ with min. range lengths of 22cm for 8x2 and 4x1 antenna arrays. 
[image: ][image: ]
[bookmark: _Ref47432406]Figure 33: Simulation results for mean EIRP error (8x2 antenna array on left; 4x1 antenna array on right) utilizing the black-box approach
[image: ][image: ]
[bookmark: _Ref47432408]Figure 34: Simulation results for std. deviation of EIRP error (8x2 antenna array on left; 4x1 antenna array on right) utilizing the black-box approach
[bookmark: _Ref47443947][bookmark: _Ref54196915]Observation 7: The NF testing approach with asymptotic expansion transform shows measurement accuracies of less than 0.2dB (mean error) and less than 0.3dB (std. dev.) and for NF EIRP measurements utilizing the black-box approach
Figure 35 and Figure 36 show the estimated mean and standard deviations of the antenna array offset errors (when compared to the actual offset used in the CST simulations), respectively, for the same four samples offsets up to 12.5cm. Clearly, this methodology demonstrates that the antenna location can be predicted very accurately. 
[bookmark: _Ref47443948]Observation 8: The NF testing approach with asymptotic expansion transform can accurately predict the offset of the antenna array from the centre of QZ. 
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[bookmark: _Ref47432676]Figure 35: Simulation results for mean antenna array offset error (8x2 antenna array on left; 4x1 antenna array on right) utilizing the black-box approach
[bookmark: _Ref47432678][image: ][image: ]
[bookmark: _Ref54170275]Figure 36: Simulation results for std. deviation of antenna array offset error (8x2 antenna array on left; 4x1 antenna array on right) utilizing the black-box approach
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. 



Near-Field Testing with a Transform Utilizing Black&White-Box Testing Approach
In this section, we are outlining our simulation results for the near-field methodology utilizing the same simple asymptotic expansion transform from the previous section which allows highly accurate EIRP/EIS measurements in the near field without the need for local searches.
The assumption for this black&white-box testing approach is that the antenna phase centre offset for the antenna panel that corresponds to the FF beam peak is known and declared, i.e., following the white-box approach discussed earlier. On the other hand, however, it is assumed that the geometric centre of the DUT is aligned with the centre of the QZ, i.e., following the black-box approach. This approach would have the same improvements of the relaxations as the black-box approach as outlined in [9]. 
As outlined earlier, in a NF system, the NF TX BP direction for an offset antenna is not necessarily the same as the FF TX BP direction; however, the knowledge of the antenna phase centre offset can be leveraged to measure at the NF BP direction as illustrated in Figure 37. Unlike the black-box approach with unknown antenna phase centre offset, this approach does not require a FF probe to steer and lock the beam as the knowledge of the offset together with the probe antenna pattern will allow the calculation of the optimized DUT orientation so that the DUT selects the proper beam. 
[image: ]
[bookmark: _Ref54108123]Figure 37: Illustration of NF testing utilizing the black&white-box approach. 
[bookmark: _Ref54196916]Observation 9: The black&white box approach (black: geometric centre of DUT is aligned with centre of QZ; white: phase centre offset of active panel is declared) does not require a FF probe to steer and lock the antenna beam towards the FF beam peak direction and has the same advantages in terms of relaxations as the black-box approach over the white-box approach. 
The more simplified test steps for this approach are illustrated in Figure 38. Here, the local searches are no longer needed and measurements at only two instead of three radii are required.
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[bookmark: _Ref54113764]Figure 38: Illustration of the NF Testing with asymptotic expansion transform test steps utilizing the black&white-box approach.

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 39 and Figure 40, respectively. For all simulations presented in these figures, r1 was set to rNF -1cm and r2 to rNF. Clearly very small errors and thus small measurement uncertainties (less than 0.3dB for std. deviation and less than 0.1dB for mean error) can be observed for antenna array offsets up to 12.5cm from the centre of QZ with min. range lengths of ~20cm for 8x2 and 4x1 antenna arrays. 
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[bookmark: _Ref54170920]Figure 39: Simulation results for mean EIRP error (8x2 antenna array on left; 4x1 antenna array on right) utilizing the black&white-box approach
[image: ][image: ]
[bookmark: _Ref54170929]Figure 40: Simulation results for std. deviation of EIRP error (8x2 antenna array on left; 4x1 antenna array on right) utilizing the black&white-box approach

[bookmark: _Ref54196917]Observation 10: The novel NF testing approach with asymptotic expansion transform yields similar measurement accuracies for NF EIRP measurements utilizing the black&white-box approach when compared to the black-box approach

During the last RAN4#97-e meeting, the question was raised whether for the black&white-box approach the asymptotic expansion transform, i.e., measurements at two radii are required, and why a single radius measurement is not sufficient since the location of the antenna is known. The differences in MU (mean error and std. deviation) for the 8x2 antenna array are presented in Figure 41; here the solid lines correspond to the results that utilize the asymptotic expansion transform and two radii while the dashed lines correspond to the approach that use just the path loss correction between the antenna offset and centre of QZ. With increasing range lengths, rNF, the mean error converges to zero but for the small range lengths that optimize the relaxations, the mean errors and the standard deviations are clearly larger without the transform. Similar simulations were performed for the PC1 assumptions that utilized a 12x12 antenna array (with l/2 spacing). The black&white-box simulations with transform (2 radii) and without transform (1 radius) are shown in Figure 42. These results indicate that the min. range length for the PC1 CFFNF testing using a transform is ~27cm (compared to ~21cm for PC3) and that the test approach without transform yields unacceptably high MUs.

[bookmark: _Ref61274808]Observation 11: The black&white-box approach exhibits larger MUs without the asymptotic expansion transform (single radius) when compared with the asymptotic expansion transform (two radii). 
[bookmark: _Ref61274809]Observation 12: The black&white-box approach exhibits unacceptable MUs without the asymptotic expansion transform (single radius) for PC1. 
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[bookmark: _Ref61267234]Figure 41: Simulation results for mean error and std. deviation of EIRP error for the 8x2 antenna array utilizing the black&white-box approach. The results utilizing the asymptotic expansion transform approach and two radii (solid lines) are compared with the results using the path loss correction and a single radius (dashed).
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[bookmark: _Ref61272041]Figure 42: Simulation results for mean error and std. deviation of EIRP error for the 12x12 antenna array utilizing the black&white-box approach. The results utilizing the asymptotic expansion transform approach and two radii (solid lines) are compared with the results using the path loss correction and a single radius (dashed).

[bookmark: _GoBack]A brief comparison between the approaches is shown in Table 9.
[bookmark: _Ref54118567]Table 9: Comparison between the black and black&white box approaches
	Approach
	Declaration of Antenna Phase Centre Offset of Antenna yielding BP
	Need for FF probes and UBF
	Need for local searches around NF BP
	Measurements at different Radii
	Test Time Impact
	MU Impact
	Estimated Improvement of Relaxation

	CFFNF with asymptotic expansion (Black Box)
	No
	Yes
	Yes
	Yes (x3), 
rNF ~22cm (PC3)
	Medium (local searches & 3 different radii)
	~0.2dB (mean error) 
~0.3dB (std. dev.)
	~14dB (for 20cm range length)

	CFFNF with asymptotic expansion transform (Black& White Box)
	Yes
	No
	No
	Yes (x2)
rNF ~21cm (PC3)
rNF ~27cm (PC1)
	Low (2 different radii in fixed NF BP Direction)
	PC3:
~0.1dB (mean error) 
~0.3dB (std. dev.)
PC1:
~0.5dB (mean error) 
~0.5dB (std. dev.)
	~14dB (for 20cm range length)

	CFFNF without asymptotic expansion transform (Black& White Box)
	Yes
	No
	No
	No (x1)
rNF ~21cm (PC3)
rNF ~27cm (PC1)
	Lowest (1 fixed radius in fixed NF BP Direction)
	PC3:
~0.3dB (mean error) 
~0.5dB (std. dev.)
PC1:
~2dB (mean error) 
~1.1dB (std. dev.)
	~14dB (for 20cm range length)



While the improvement in the relaxation is currently only focused on path loss differences, additional small improvements in relaxations can be expected given the improved setup of the NF path, i.e., less complex switching, shorter cable runs, etc.  
In order to optimize the relaxations and minimize the MU, it is proposed to focus on the CFFNF approach with asymptotic expansion transform. 
[bookmark: _Ref54196920][bookmark: _Ref61274812]Proposal 3: Focus on the CFFNF approach with asymptotic expansion transform
Clearly, as outlined in this section and summarized in Table 9, the black&white-box approach has the same benefits as the black-box approach in terms of the improvements of the relaxations and the same uncertainties to estimate EIRP/EIS but requires less test time due to the lack of local searches. On the other hand, the vendor declaration of the phase centre offset of the antenna panel responsible for the FF beam peak radiation is required which OEMs were hesitant to provide when this topic was discussed for Rel-15 testing [2]. 
Given the relatively large number of low UL/high DL power test cases, a hybrid approach could be used which would combine the advantages in terms of test time of the black&white-box approach without the need of a vendor declaration, i.e., black box. Instead of having to declare the phase centre offset, this offset is determined first using the NF with transform methodology based on black-box approach. Here, the following sample approach could be leveraged:
· For low UL power test case #1
· Apply the black-box NF test approach using FF probe
· Use the FF probe to steer the antenna beam towards the known BP direction
· Lock the beam using UBF
· Switch operation to NF probe
· Perform local searches around sectors around the FF and NF beam peaks at three different radii in the NF 
· Determine EIRP 
· Determine phase centre offset of the active antenna
· For low UL power test cases ≥#2
· Apply the black&white-box NF test approach using NF probe
· Determine the suitable DUT orientation to perform NF measurements along a NF test direction that makes the DUT select the FF beam peak direction by leveraging the phase centre offset from the first low UL test case (instead of vendor declaration)
· Perform EIRP measurements at two different radii in the NF
· Determine EIRP
[bookmark: _Ref54196921]Proposal 4: Feedback from industry is requested whether the combination of black and black&white-box approaches is acceptable to avoid the need for a vendor declaration. 
	 


NF Measurement Distance for CFFNF with asymptotic expansion transform
In this section, present some of our work on the NF measurement distance for CFFNF that relies on the asymptotic expansion transform. Even though the traditional NF interface distance 

was able to yield accurate range length estimates, we found that an even more accurate range NF measurement distance estimate especially for the CFFNF approach based on the asymptotic expansion transform. Again, D is the antenna aperture of the antenna under test (AUT), and  is the wavelength while DDUT is the min. radius of the sphere fully enclosing the DUT. In the analyses, we assume DUTs utilize antenna arrays and that the NF measurement distances are well in the FF of the single-element antennas. Thus, the overall antenna array’s radiation pattern at a given distance can be constructed using the following formula as linear superposition [19][20]:
	 	
where  is the probe antenna position related to array phase centre,  is the azimuth and elevation angles defined as the probe antenna location direction,  is the distance between the array phase center and the probe antenna,  is the index for the antenna element,  is the number of antenna elements, is beamforming weight for antenna element  ,  is the far-field complex antenna pattern for antenna element ,  is the azimuth and elevation angles of antenna element  with respect to the probe antenna,  is wavelength,  is the distance between antenna element  and the probe antenna,  is the far-field complex antenna pattern for the probe antenna,  are  the azimuth and elevation angles of the probe antenna with respect to the antenna element ,  is the part related to path loss,  is the phase variation caused by propagation  distance of .
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[bookmark: _Ref61280626]Figure 43: Beam gain pattern at different angles and different distances
[image: ]
[bookmark: _Ref61280654]Figure 44: Received power at different directions within 4dB beam width w.r.t test distance

Using the mathematic model in equation (1) the antenna array’s patterns can be calculated at different test distances. Figure 43 shows the antenna gain patterns for a sample 2x8 antenna array with l/2 as the antenna element separation. The pattern shape of traditional FF test distance (blue line) is selected as the reference, by shortening the test distance to 1/3, 1/5, 1/8, 1/10, 1/12 and 1/15 of FF distance, we can observe the pattern shape’s change tendency.  It is noticed that with a reasonable distance, for example larger than 1/8 of FF, even though the FF antenna pattern is not fully formed, the antenna pattern’s main lobe shape is very similar to that of the antenna pattern in FF.
Further simulation results on the relationship of the received power with respect to the test distance and the probe antenna location direction within the 4dB beam width are shown in Figure 44. The spatial intervals corresponding to the 4dB beam width of the main lobe are shown for four selected angles: the beam peak direction and the directions which are 1dB, 3dB, and 4dB lower than the peak direction, respectively. The power variation at different measurement distances is simulated using equation (1) with dashed lines. The solid lines in Figure 44 are reference lines that the power changes linearly using FF assumption. For this assumed antenna array, the traditional FF test distance, rFF, is around 34l, in the FF region there is no difference between results followed FF theory and simulated results using equation (1). In the region NF (I) of > 1/3 rFF, the power offset between the solid lines and dash lines is less than 0.5 dB for all directions within the 4dB beam width. In region NF (II) of >1/8 rFF, the beam direction is still the same as that in FF, and the main lobe has a similar shape to that of FF with no change in order of the curves, i.e., no crossing, but the offset between the solid lines and dash lines is larger than 0.5dB. Regions NF (I) and NF (II) of larger than > 1/8 rFF are suitable for CFFNF based on the asymptotic expansion transform. 
A lot of simulations have been carried on antenna arrays with different antenna elements MxN an beam direction, common conclusion can be made: 1/8 of FF is suitable as the minimum test distance of the new NF test method.  
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 [13] and 10.6cm for PC1 [14], respectively. These antenna array apertures dimensions were calculated at ~24 GHz, i.e., the low end of FR2, with an inter-element spacing of l/2. 
The comparison of the traditional NF range length and the NF range length proposed here are summarized in Table 10 for PC3 devices with maximum aperture size of D=5cm. 
[bookmark: _Ref47081396]

Table 10: Minimum FF and NF range lengths for black box conditions and PC3 devices with a 30cm QZ utilizing the fixed aperture approach
[image: ]


Conclusion
The following observations and proposals were made in this contribution
Observation 1: The NF interface distances of 4x1 and 8x2 antenna arrays are in the FF of the single element.
Observation 2: A measurement grid with 5o spacing or better shows almost insignificant differences in the spherical coverage curves for the 8x2 antenna array and max offsets up to 12.5cm.
Observation 3: The measurement uncertainties (mean error and std. deviation) for 50%-ile and 100%-ile CDF the 8x2 antenna array for offsets up to 12.5cm are in excess of 0.5dB for NF distances up to 45cm.
Observation 4: The measurement uncertainties (mean error and std. deviation) for 50%-ile and 100%-ile CDF the 4x1 antenna array for offsets up to 12.5cm are in excess of 0.5dB for NF distances up to 45cm.
Observation 5: The black-box CFFDNF approach with the UBF to activate to steer the beam towards the FF beam peak direction with a separate FF probe is not suitable for EIRP/EIS measurements towards the declared FF BP direction in the NF (even at 45cm range length) due to the very large measurement uncertainties
Observation 6: The black-box DFF/CFFDNF approach while allowing the DUT to optimize the beams, is not suitable for EIRP/EIS measurements towards the declared FF BP direction in the NF (even at 45cm range length) due to the very large measurement uncertainties
Observation 7: The NF testing approach with asymptotic expansion transform shows measurement accuracies of less than 0.2dB (mean error) and less than 0.3dB (std. dev.) and for NF EIRP measurements utilizing the black-box approach
Observation 8: The NF testing approach with asymptotic expansion transform can accurately predict the offset of the antenna array from the centre of QZ.
Observation 9: The black&white box approach (black: geometric centre of DUT is aligned with centre of QZ; white: phase centre offset of active panel is declared) does not require a FF probe to steer and lock the antenna beam towards the FF beam peak direction and has the same advantages in terms of relaxations as the black-box approach over the white-box approach.
Observation 10: The novel NF testing approach with asymptotic expansion transform yields similar measurement accuracies for NF EIRP measurements utilizing the black&white-box approach when compared to the black-box approach
Observation 11: The black&white-box approach exhibits larger MUs without the asymptotic expansion transform (single radius) when compared with the asymptotic expansion transform (two radii).
Observation 12: The black&white-box approach exhibits unacceptable MUs without the asymptotic expansion transform (single radius) for PC1.
Proposal 1: Do not consider the Direct NF methodology as enhanced methodology for spherical coverage test cases and beam peak searches.
Proposal 2: Do not consider the black-box DNF/CFFDNF approach as enhanced methodology for EIRP/EIS-based measurements with known FF BP direction.
Proposal 3: Focus on the CFFNF approach with asymptotic expansion transform
Proposal 4: Feedback from industry is requested whether the combination of black and black&white-box approaches is acceptable to avoid the need for a vendor declaration.
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Spherical coverage Measurement Grids
Assumptions

The simulation assumptions are the same as outlined in Annex G.1.1 in TR38.810. |
Regarding the antenna implementation and beamformer, the following x*
assumptions have been made (refer to Figure G.3.1-1 in TR38.810):

+ Two antenna arrays are integrated in the UE for the spherical coverage analyses
* Antenna panels are studied with N, x N, with N>N,, e.g., 8x2 corresponds to N, =8 and

. T?lc implementation loss for the antenna near the front is 0dB less than that for the .
antenna near the back
The antenna in the back is on the opposite side of the UE (mirrored around (0,0,0)).
+ For Beam Steering Assumptions

* In the xy planc, assume 45° beam steering granularity (AZ from -45° to +45°)

« In the xz plane, assume 22.5° beam steering granularity (EL from -90° to 90°)

* Front and back figures in this page are example positions of two antenna arrays
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Illustration of the two antenna arrays
integrated in the UE, for Rel-17 simulation
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Offsets:
* Various antenna offsets (Vo> Zoger) P€YONd 7.5¢m in radius (12.5cm max)
» Offset is defined with respect to the center of antenna array

Antenna Array:
* 8x2 and 4x1
* Element near-field assumption is implementation specific

Range Lengths (distance between centre of QZ/positioning axes and measurement probe):

* 30cm, 20m (more range lengths are not precluded)

* Goal is to eventually determine min. range length and MU for performing spherical coverage tests in DNF
Test Methodology:

* DNF (while taking path loss offsets into account)

Sampling Grid:

* Study finer than 7.5deg step size for constant-step size grids (both MVG/Sony and KS agree to parametric
studles to show convergence for the selected assumption)
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Offsets (x/y/z) [cm]: (8/8/8)

 [deg]= 1 with 50& 100%-tile EIRP [dBm]: 10.02 & 19.31

 [deg]= 3 with 50& 100%-tile EIRP [dBm]: 9.97 & 19.31

 [deg]= 5 with 50& 100%-tile EIRP [dBm]: 10.04 & 19.31
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Range Length [m]: 0.25; Frequency [GHz]: 28

Antenna Array (Nz x Ny): 8 x 2

Offsets (x/y/z) [cm]: (0/9/9)

 [deg]= 1 with 50& 100%-tile EIRP [dBm]: 10.29 & 17.58

 [deg]= 3 with 50& 100%-tile EIRP [dBm]: 10.32 & 17.49

 [deg]= 5 with 50& 100%-tile EIRP [dBm]: 10.32 & 17.58
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Range Length [m]: 0.45; Frequency [GHz]: 28

Antenna Array (Nz x Ny): 8 x 2

Offsets (x/y/z) [cm]: (0/9/9)

 [deg]= 1 with 50& 100%-tile EIRP [dBm]: 10.23 & 15.00

 [deg]= 3 with 50& 100%-tile EIRP [dBm]: 10.27 & 15.00

 [deg]= 5 with 50& 100%-tile EIRP [dBm]: 10.25 & 15.00

 [deg]= 10 with 50& 100%-tile EIRP [dBm]: 10.17 & 15.00
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Antenna Array (Nz x Ny): 8 x 2
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Range Length [m]: 0.45; Frequency [GHz]: 28

Antenna Array (Nz x Ny): 8 x 2

Offsets (x/y/z) [cm]: (0/12.5/0)

 [deg]= 1 with 50& 100%-tile EIRP [dBm]: 10.41 & 15.26

 [deg]= 3 with 50& 100%-tile EIRP [dBm]: 10.41 & 15.26

 [deg]= 5 with 50& 100%-tile EIRP [dBm]: 10.42 & 15.26

 [deg]= 10 with 50& 100%-tile EIRP [dBm]: 10.36 & 15.26

 [deg]= 15 with 50& 100%-tile EIRP [dBm]: 10.72 & 15.26
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 [deg]= 15 with 50& 100%-tile EIRP [dBm]: 9.78 & 15.81
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10000 random Array Offets
(Max Array Offset: 125mm with RQZ=1 50mm)
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