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1.
Introduction

This contribution is a companion paper of [1][2] and shows calculations of phase curvature influence in Gray-box approach and raises a discussion point that the impact of the phase curvature influence depends on the assumption of AUT-beam directions. Taking account of the actual NR UE operation, it is proposed here that the impact of phase curvature itself should be considered to be negligible and, instead, a part of the influence should be considered as the influence of the EIRP-measured-beam-direction shift discussed in [2].


2. Discussion

2.1  MU Sources in Gray-box Approach

As introduced in the companion paper [1], in Gray-box approach, we assume that measurement uncertainty shall be larger than White-box approach because of the following factors. In this contribution we discuss on one of the factors D), which is caused by the relatively shorter distance close to a boundary of the far-field distance (calculated by an antenna-aperture size) between the AUT and the measurement antenna in Gray-box approach.

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
2.2  Theoretical Calculation of Array-antenna-beam Power 

In this contribution, the influence of phase curvature D) is calculated assuming that the AUT is a four-element linear array.  The phase difference among singals (s1 to s4) driving each antenna-element shall be determined depending on the beam direction as shown in Figure 2.1.  We can calculate the amplitude of a combined signal (sP), which forms a beam, at any certain position (P) by just summing up the signal vectors coming from the array-antenna elements as equation (2.1).
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(2.1)
Since the amplitude of a combined signal at the beam-center in a far-enough position from the array antenna can be calculated as “[image: image4.png]4.



”, the relative power difference (Delta gain) between the beam-center power and the power at the position P can be calculated as equation (2.2).
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(2.2)
But please note here that the effects of the path-loss and the measurement-antenna directivity are not taken into account to evaluete only the influence of phase-curvature, and the phase variation terms in time are omitted in the equations for simplicity.
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Figure 2.1  Phase difference of driving signals for a four-element linear array antenna
2.3  Phase Curvature Influence in Gray-box Approach

In Gray-box approach, where the measurement distance (R) is a far-field distance w.r.t. the array-antenna size (D) but shorter than a far-field distance w.r.t. the device size (2L), the equi-phase planes from the measurement antenna shall be observed as spherical planes in the device-size span as shown in Figure 2.2.  The impact of the phase curvature to the EIRP measurements at the beam center is calculated here.
It is assumed here that the placement of an array antenna is apart from the center of rotation as much as L as shown in Figure 2.2. 
If the EIRP at the beam center is assumed to be measured by the measurement antenna apart from the center of rotation by infinite distace (R) in Figure 2.2, the beam direction of the AUT to the boresight direction should be assumed 0 degrees.  Assuming that the beam direction is 0 degrees even in the Gray-box setup with the parameters in Table 2.1, the impact of the phase curvature (Delta gain) due to Gray-box approach can be calculated as shown in Table 2.2; Delta gain = -0.843 dB, which has a non-negligible impact.
However, taking account of the actual NR UE operation that its beam direction shall be steered towards the DL-signal-coming direction, the beam direction of the AUT to the boresight direction should be assumed 7.13 degrees, which is [image: image8.png]


, in the Gray-box test setup in Figure 2.2.  Assuming the beam direction steered to the measurement antenna and the parameters in Table 2.1, the impact of the phase curvature (Delta gain) due to Gray-box approach can be calculated as shown in Table 2.2; Delta gain = -0.000338 dB, which is negligible.  But instead, a part of the influence should be considered as the influence of the beam-direction shift discussed in [2], in which document it is shown that the impact of factor C) “EIRP-measured-beam-direction” could also be negligible depending on the AUT-beam steering characteristics.  In short, as the difference between the ideal far-field measurement and the Gray-box approach, the EIRP-level change at the AUT-beam center due to beam-direction shift needs to be taken into account as well as the negligible phase curvature impact.
Observation1: The impact of the phase curvature influence in Gray-box approach depends on the assumption of AUT-beam directions; one assumption is to keep the beam direction for assumed infinite far-field measurement and the other is the beam direction steered towards the measurement antenna.
Proposal1: The impact of the phase curvature influence in Gray-box approach shall be regarded as negligible assuming the AUT-beam direction steered towards the measurement antenna, but instead, the EIRP-level change at the AUT-beam center due to beam-direction shift needs to be taken into account as a measurement uncertainty source.

For the detail of the calculation to derive the values of “Delta gain” in Table 2.2, please refer to the spread sheet attached to this document.
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Figure 2.2  Influence of phase curvature in Gray-box approach

Table 2.1  Assumed parameters
	Frequency
	43.5
	GHz
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	0.006897
	m

	R
	0.6
	m

	L
	0.075
	m

	antenna-element interval
	0.5
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Table 2.2  Phase curvature influence on EIRP at beam center
	Beam direction assumption
	Delta gain

	0
	degrees
	-0.843021
	dB

	7.1250163
	degrees
	-0.000338
	dB




3.  Conclusion
In this paper, the following observation and proposal were made w.r.t. the impact of the phase curvature as a measurement-uncertainty source in Gray-box approach.
Observation1: The impact of the phase curvature influence in Gray-box approach depends on the assumption of AUT-beam directions; one assumption is to keep the beam direction for assumed infinite far-field measurement and the other is the beam direction steered towards the measurement antenna.
Proposal1: The impact of the phase curvature influence in Gray-box approach shall be regarded as negligible assuming the AUT-beam direction steered towards the measurement antenna, but instead, the EIRP-level change at the AUT-beam center due to beam-direction shift needs to be taken into account as a measurement uncertainty source.
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