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1. Introduction
This paper presents simulation results for spherical EIRP in DFF and IFF under various assumptions.
2. Simulation Assumptions

We assume the presence of an 8x2 array with λ/2 spacing in the antenna under test (AUT). This subarray may be located anywhere within a 15cm aperture. The elements of the array are modelled as Huygens sources. To illustrate the extreme case, we assume this array is oriented vertically at the far right edge of the aperture. This analysis is intended for a Category 1 DUT.
We also assume a discrete angular resolution of beam pointing angles of 6 degrees spanning +/- 60 degrees in azimuth and elevation. This roughly corresponds to 4-bit control of phase shifters within the phased array.
A measurement grid covering the same +/- 60 degrees in both axes is assumed with 5 degree step size.
Assuming the AUT chooses the best beam state for any given measurement, we compute the maximum response over all beam states at each measurement location. This set of values comprises an empirical cumulative distribution function (CDF) of the spherical EIRP. We then compare the CDF curves for different test environments.
3. Test Environments
We compute the CDF of the spherical EIRP for the following test environments:

1. A simulation of an ideal, infinite range-length far-field response

a. This is our baseline

2. A simulation of an ideal, finite range-length direct far-field (DFF) response with different range lengths
a. Range lengths include: 72.5cm, 1m, 2m, and 6.525m

b. Probe directivity is assumed to be 20 dBi
i. The probe pattern is assumed to be circularly symmetric Gaussian.
c. Fields are computed using the free-space Greens function

3. An indirect far-field (IFF) compact antenna test range (CATR) with simulated and measured data of various sized systems
a. Two sizes of CATR are assumed with 15cm and 50cm diameter quiet zones (QZ)

b. Simulated data is obtained using the Blended Rolled-Edge Compact Range Reflector Code (BRCRRC) [1-2]

i. This code accounts for specular reflections and diffraction, yielding reasonably accurate field results for a specific reflector design
c. Measured data comes from a 50cm QZ system only (no measured data for 15cm QZ)

The simulated fields (DFF and IFF) do not take into account any signal corruption due to imperfect absorber treatment and/or shielding. The measured IFF field data obviously includes all real-world effects.
4. CATR Quiet Zone

The simulations of the CATR systems indicate we expect to see amplitude tapers on the order of 0.5 to 0.6 dB, amplitude ripples on the order of 0.1 to 0.2 dB, and phase variations on the order of 1.5 to 2.5 degrees. These metrics correspond to linear cuts through the cylindrical quiet zone.
The measured data of the 50cm QZ system indicates we have amplitude tapers on the order of 0.4 to 0.9 dB, amplitude ripples on the order of 0.2 to 0.4 dB, and phase variations on the order of 4 to 5 degrees.
5. Simulation Results

For results based on simulated field data, we assume a carrier frequency of 43.5 GHz. For the measured data in the CATR, 41 GHz was used.
A visualization of the elements in the 8x2 subarray within the 15cm aperture is shown below for 43.5 GHz.
[image: image1.png]Aperture for N =8x2,d = 0.5\

y (m)

006 -004 -002 0
x (m)

0.02 0.04 0.06




A visualization of the broadside-steered beam response over the entire +/- 60 deg az/el space is given below.

[image: image2.png]Broadside-steered beam response for N = 8x2, d = 0.5\, Range Len = o

Magnitude (dB)
A b N A
o o o o o

&
S

&
o ©
S

0

Elevation (deg) -50 -50 Azimuth (deg)




The next figure shows the difference between CDF results for DFF with a 20 dBi probe and ideal infinite-range FF.
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The next figure shows the difference between CDF results for IFF using simulated field data and ideal infinite-range FF.
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The next plot shows the difference between CDF results for IFF using measured data and ideal infinite-range FF. In this plot, we only show data for a 50cm QZ. In this case, we didn’t have enough depth of volume in our measured data to accurately simulate +/- 60 deg, so we restricted the measurement points to +/- 20 deg. The measured IFF data has more ripple than the simulated IFF data leading to a different normalization, which pushes the error curve more toward the right than the simulated error curve.
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The CDF curves are compared to the ideal infinite-range FF. Any deviations from the infinite-range FF curve are considered to be errors. Probabilities of interest may include 10%, 20%, 50%, 80%, 90% [3-6]. The table below summarizes the errors at those five probabilities for select simulated scenarios. The measured data is omitted. While the figures above show results only for 6 deg beam state resolution, the tables below show results for 6 deg, 10 deg, and 20 deg beam state resolutions, respectively.
	6 deg resolution
	DFF (L=72.5 cm)
	IFF (D=15 cm)
	DFF (L=6.25 m)
	IFF (D=50 cm)

	P = 10%
	-1.05 dB
	-0.45 dB
	-0.01 dB
	-0.02 dB

	P = 20%
	-1.05 dB
	-0.40 dB
	-0.01 dB
	-0.03 dB

	P = 50%
	-1.00 dB
	-0.43 dB
	-0.01 dB
	-0.03 dB

	P = 80%
	-0.43 dB
	-0.36 dB
	-0.02 dB
	-0.05 dB

	P = 90%
	-0.06 dB
	-0.28 dB
	0.02 dB
	-0.04 dB


	10 deg resolution
	DFF (L=72.5 cm)
	IFF (D=15 cm)
	DFF (L=6.25 m)
	IFF (D=50 cm)

	P = 10%
	-1.06 dB
	-0.29 dB
	-0.02 dB
	-0.02 dB

	P = 20%
	-0.92 dB
	-0.43 dB
	-0.03 dB
	-0.04 dB

	P = 50%
	-0.87 dB
	-0.38 dB
	0.01 dB
	-0.06 dB

	P = 80%
	-0.66 dB
	-0.39 dB
	-0.01 dB
	-0.03 dB

	P = 90%
	-0.31 dB
	-0.34 dB
	0.01 dB
	-0.04 dB


	20 deg resolution
	DFF (L=72.5 cm)
	IFF (D=15 cm)
	DFF (L=6.25 m)
	IFF (D=50 cm)

	P = 10%
	-0.72 dB
	-0.36 dB
	-0.01 dB
	0.10 dB

	P = 20%
	-0.61 dB
	-0.99 dB
	0.01 dB
	0.14 dB

	P = 50%
	-0.91 dB
	-0.53 dB
	-0.04 dB
	-0.07 dB

	P = 80%
	-0.89 dB
	-0.40 dB
	0.00 dB
	-0.02 dB

	P = 90%
	-0.71 dB
	-0.40 dB
	-0.04 dB
	-0.04 dB


6. Discussion of Results

The results here are intended to give RAN4 an idea for the types of errors we can expect to see for various test environments. They are based on a set of assumptions that can be debated, but regardless of the outcome of such a discussion, several points emerge that are worth noting.
The variation in the CDF in the DFF environment is due primarily to two factors:

1. The AUT moves toward and away from the measurement probe. When the range length is small, the effect of this movement is more significant.

2. Active elements near the edge of the aperture will experience more loss due to rolloff of the measurement probe’s main beam. This is exacerbated for smaller range lengths.

The variation in the CDF in the IFF environment is due primarily to one factor:

1. The amplitude taper due to the feed antenna’s response creates an attenuated response for active elements near the edge of the QZ.
All of the primary drivers of error appear to be related to amplitude response. This seems to indicate that these results will be similar to the values found in the Quality of Quiet Zone MU term for EIRP [7].

Significant errors are possible at various probability points. Errors increase with shorter range lengths in DFF and with IFF systems where the subarrays extend to the edge of the QZ.

Observation: Spherical EIRP errors can be mitigated by increasing the range length for DFF and oversizing the QZ for IFF.
7. Conclusion

Results were presented for spherical EIRP in various test environments for discussion. Errors on the order of 0.5 to 1.0 dB are seen for both DFF and IFF. 

Observation: Spherical EIRP errors can be minimized by increasing the range length of DFF and oversizing the QZ for IFF.
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