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1.
Introduction

In RAN4#85 and AH-1801, we had a discussion about an approach and an applicability of somewhere between Black-box and White-box approach, so called Gray-box approach, where the size of array antennas in a DUT is known or their upper-limit size can be assumed but their placement is unknown. [1][6] The current main preference in RAN4 is to keep adopting Black-box approach, but there still remains possibility to adopt Gray-box approach as long as the measurement uncertainty of Gray-box approach is acceptable.  This contribution is mainly reusing the previously introduced paper [7] and shows results of simulations to estimate the impact of MU to EIRP test result in Gray-box approach.


2. Discussion

2.1 Measurement Distance and MU in Gray-box Approach

 In this paper, Gray-box approach means intermediate approach between Black-box and White-box, where the size of array antennas in a DUT is known or their upper-limit size can be assumed but their placement is unknown.

 As shown in Figure 2.1.1, the phase curvature observed at the distance of 2*D^2/lambda from an antenna whose size is ‘D’ is 1/16 of the wavelength, i.e. 22.5 degree.  In Gray-box approach as well, it seems reasonable to define a far-field distance in a similar way.  In Figure 2.1.2, array antennas in a DUT, one of which is within the smaller blue circle with size ‘D’ in diameter, are assumed to be placed within the DUT-size green circle but the exact positions are unknown.  As far as the distance ‘R’ between the DUT center, i.e. the green circle center, and the measurement antenna is larger than ‘l+2*D^2/lambda’, the phase curvature should be less than 22.5 degree. 

 In such Gray-box approach, measurement uncertainty shall be larger than White-box approach because of the following factors.

A) Directivity of the measurement antenna

When an active array-antenna position is shifted from the center of the rotation, the signal level gets lower because of the directivity of the measurement antenna.

B) Path-loss difference caused by the placement of the array-antennas in a DUT
C) EIRP-measured-beam-direction shift
This factor has two kinds of influences on EIRP and EIRP-CDF, one is caused by a beam steering of DUT and the other causes measurement point density variation.  
D) Phase curvature
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It woud be reasonable to understand that we can adopt Gray-box approach as long as we can accept the measurement uncertainties caused by adopting the Gray-box approach.

2.2 Simulation 
2.2.1  Simulation Conditions

We have performed a simple simulation to estimate the impact of the MU caused by adopting Gray-box approach, where the effects of the factors A), B), C) and D) shown in the previous section are taken into account to form distributions of measurement power, measurement-angle shift, measurement-point-density change, and phase curvature.
The following parameters are assumed here.
· Quiet zone size



: 15cm

· Measurement distance


: 60cm

· Antenna placement in a DUT

: Figure 2.2.2 and Figure 2.2.3

· Directivity of Measurement antenna

: Figure 2.2.4

· Directivity of antenna in a DUT

: Figure 2.2.5
A measurement-antenna characteristics with wider beam-width should be better to reduce the signal level variation depending on the antenna positions in a DUT, while narrower beam-width could also be better to have a bigger antenna gain for a better link budget.  Here, the measurement antenna characteristic shown in Figure 2.2.4 has been selected as one of realistic compromised characteristics.

Regarding the directivity of antenna in a DUT, narrower beam-width could cause bigger TRP-measured-level fluctuation caused by the directivity of the measurement antenna.  As shown in Figure 2.2.5, the beam-width of the antenna in a DUT is selected to be narrower than the one that would be commonly used for actual UEs as the worst case scenario.  As an actual UE-antenna pattern, the document [3] shows an antenna-pattern example whose HPBW are 39.9 degree and 27.3 degree for elevation and azimuth cut respectively.
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In this paper we will show our simulation result and consideration on the effect of factors A) and B). Other simulation results on factors C) and D) are presented in other papers [8] [9][10].
2.2.2  EIRP Measurement

 In the EIRP simulation, it is assumed that the DUT autonomously steers its beam towards the measurement antenna so that the EIRP at the center of the beam shall be measured.
 Here, the measurement-uncertainty elements of ‘A)’ and ‘B)’ defined in section 2.1 are taken into account to create the simulation results of the EIRP-measurement-level fluctuation shown in Figure 2.2.6 / Table 2.2.1 and Figure 2.2.7 / Table 2.2.2.  The red and blue lines in the histgrams are the simulation results assuming the DUT-antenna arrangements shown in Figure 2.2.2 and Figure 2.2.3 respectively.
According to the agreed “Quiet Zone Characterization method” [5], the measurement uncertainty element of “Quality of quiet zone” includes the level fluctuation caused by ‘A)Directivity of the measurement-antenna’ and ‘B)Path-loss difference’.  Since the “Quiet Zone Characterization method” evaluates the Quiet zone quality by standard deviation, the expected quality of quiet zone value can be calculated as the following using the value in Table 2.2.1.  Here, the circular DUT-antenna arrangement in Figure 2.2.2 is assumed as the worst case.
An example calculation of expected quality of quiet zone according to the Quiet zone characterization method :

· Pure quality of quiet zone originated from factors except for the measurement antenna directivity : 0.85 dB

(Here 0.85 dB is used as an empirical value obtained by our previous experiment.)

· Standard deviation of EIRP measurement level fluctuation caused by measurement antenna directivity : 0.48 dB

· Standard deviation of EIRP measurement level fluctuation caused by path-loss difference : 0.63 dB

· sqrt(0.852 + 0.482 + 0.632) = 1.16 dB
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Table 2.2.1  Statistics of EIRP measurement level fluctuation caused by “Meas. antenna directivity”
	
	Standard deviation
	Mean
	Maximum
	Minimum
	RMS

	DUT-antenna on circle
	0.48 dB
	-1.11 dB
	0.00 dB
	-1.85 dB
	1.22 dB

	DUT-antenna on rectangle area
	0.38 dB
	-0.50 dB
	0.00 dB
	-1.85 dB
	0.62 dB


Table 2.2.2  Statistics of EIRP measurement level fluctuation caused by “Path-loss”
	
	Standard deviation
	Mean
	Maximum
	Minimum
	RMS

	DUT-antenna on circle
	0.63 dB
	-0.02 dB
	1.16 dB
	-1.02 dB
	0.63 dB

	DUT-antenna on rectangle area
	0.40 dB
	-0.01 dB
	1.16 dB
	-1.02 dB
	0.40 dB


However, as shown in Table 2.2.1, the mean value of EIRP-measurement-level fluctuation caused by the measurement-antenna directivity is a minus value, because the measurement-antenna gain gets lower as the position gets apart from the beam-center direction as shown in Figure 2.2.4.
Observation1: The agreed “Quiet Zone Characterization method” [5] measures the standard deviation but ignores the mean signal-level reduction caused by the measurement-antenna directivity.  If we follow the agreed “Quiet Zone Characterization method” as it is, the measurement uncertainty could be underestimated.  Especially in Gray-box approach, where the measurement distance is in general shorter than in Black-box approach, the mean signal-level shift due to the measurement antenna directivity could be too big to ignore.

Following is an example calculation of quality of quiet zone including the mean signal-level reduction caused by the measurement-antenna directivity :

· Pure quality of quiet zone originated from factors except for the measurement antenna directivity : 0.85 dB

· RMS of EIRP measurement level fluctuation caused by measurement antenna directivity : 1.22 dB
· RMS of EIRP measurement level fluctuation caused by path-loss difference : 0.63 dB
· sqrt(0.852 + 1.222 + 0.632) = 1.61 dB
As calculated here, when the quality of quiet zone value inclues the mean signal-level reduction caused by the measurement-antenna directivity, the value of quality of quiet zone could be larger than 1.50, which is the value written in TR38.810 by the text proposal [2].  So the uncertainty assessment for EIRP measuements in Gray-box would be as shown in Table 2.2.3. If we look at the table below, it looks the influence of the mean signal-level reduction is not significant. However since we have calculated the influence only with one condition, it needs to be further investigated how to incorporate the influence of this factor.
Observation 2: The influence of the mean signal-level reduction does not seem to be significant.

Proposal1: It needs to be further investigated how to incorporate into the MU assessment the effect of the mean signal-level reduction caused by the measurement-antenna directivity.
Table 2.2.3   Uncertainty assessment for EIRP measurement modified for Gray-box after copied from [2] (D=5cm, QZ-size=15cm)
	UID
	uncertainty source
	Uncertainty value


	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]

	Stage 2: DUT measurement

	1
	Positioning misalignment
	0.50
	Rectangular
	1.73
	[0.29]

	2
	Measure distance uncertainty
	1.00
	Rectangular
	1.73
	[0.58]

	3
	Quality of quiet zone (Note1)
	1.61
	Actual
	1.00
	[1.61]

	4
	Mismatch 
	2.74
	U-shaped
	1.41
	[1.94]

	5
	Absolute antenna gain uncertainty of the measurement antenna
	0.00
	Normal
	2.00
	0.00

	6
	Uncertainty of the RF power measurement equipment
	2.16
	Normal
	2.00
	[1.08]

	7
	Phase curvature
	0.00
	U-shaped
	1.41
	0.00

	8
	Amplifier uncertainties
	2.00
	Normal
	2.00
	1.00

	9
	Random uncertainty
	0.40
	Rectangular
	1.73
	[0.23]

	10
	Influence of the XPD
	0.68
	U-shaped
	1.41
	0.48

	Stage 1: Calibration measurement

	11
	Mismatch
	0.00
	U-shaped
	1.41
	0.00

	12
	Reference antenna positioning misalignment
	0.29
	Rectangular
	1.73
	0.17

	13
	Quality of quiet zone (Note 1)
	1.50
	Actual
	1.00
	[1.50]

	14
	Amplifier uncertainties
	0.00
	Normal
	2.00
	0.00

	15
	Uncertainty of the Network Analyzer
	0.40
	Normal
	2.00
	0.20

	16
	Reference antenna feed cable loss measurement uncertainty
	0.29
	Rectangular
	1.73
	0.17

	17
	Uncertainty of an absolute gain of the calibration antenna
	1.60
	Normal
	2.00
	[0.80]

	18
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0.35
	Rectangular
	1.73
	[0.20]

	EIRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[6.76][6.79]




3.
Conclusion
In this paper, the following observations are found w.r.t the measurement uncertainties in Gray-box approach. 
Observation1: The agreed “Quiet Zone Characterization method” [5] measures the standard deviation but ignores the mean signal-level reduction caused by the measurement-antenna directivity.  If we follow the agreed “Quiet Zone Characterization method” as it is, the measurement uncertainty could be underestimated.  Especially in Gray-box approach, where the measurement distance is in general shorter than in Black-box approach, the mean signal-level shift due to the measurement antenna directivity could be too big to ignore.

Observation 2: The influence of the mean signal-level reduction does not seem to be significant.
Proposal1: It needs to be further investigated how to incorporate into the MU assessment the effect of the mean signal-level reduction caused by the measurement-antenna directivity.
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Figure 2.1.1  phase curvature at the far-field criteria of 2*D^2/lambda





Figure 2.1.2  phase curvature in Gray-box approach





Figure 2.2.1   Simulation setup
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Possible largest path-loss difference : 20 log (60/(60-15/2)) = 1.16 dB
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The red circles show assumed antenna positions (81 points)





Figure 2.2.3   DUT-antenna placement on a rectangular area











The red circles show assumed antenna positions (72 points)





Figure 2.2.2   DUT-antenna placement on a circle
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Figure 2.2.5   Directivity of antenna in a DUT
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Figure 2.2.4   Directivity of Measurement antenna
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Figure 2.2.6  Distribution of EIRP measurement level fluctuation caused by “Meas. antenna directivity”
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Figure 2.2.7  Distribution of EIRP measurement level fluctuation caused by “Path-loss”
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