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1 Introduction

The schedule for the following few RAN4 meetings will be a focus on conformance related discussions.  Since the core requirements are coming to completion, it is now time to focus on conformance testing for AAS base stations and will require total expanded measurement uncertainty for EIRP and EIS.
To be able to compare the performance and capabilities of different test methods a measurement uncertainty of the test method should be compared for associated requirements, in this case EIRP and EIS measurements.  The measurement uncertainty framework for AAS base stations have been discussed within RAN4 but also in other forums [1].

2 Discussion
The method to determine the accuracy of an antenna test range is to define an uncertainty budget containing all relevant contributions to the accuracy and extract these contributions. Two of the biggest contributors to the uncertainty budget of a CATR are the impact of the ripple in the so called Quiet Zone (QZ) on the reference antenna and the DUT.  Quiet Zone ripple and Standing Wave uncertainties are similar in their method of how to capture their uncertainty value from a test procedure/method perspective.  This contribution will discuss them and illustrate how they can be extracted from a test range using a DUT and reference calibration antenna. 
In a more general uncertainty analysis, that would be valid for other antennas with arbitrary geometries and DUT sizes, probing of the quiet zone with high resolution should be carried out to define the electromagnetic field in the QZ. This electromagnetic field can then be applied to the antenna geometry of interest to calculate the excitation response.
Although some of the contributions that are minor, it is important to not omit any of them since under special circumstances or if there are some malfunction at the test range, a normally minor contribution can be significant. It is also important for comparison between test ranges that all contributions are extracted for the uncertainty budget to be complete.
A series of measurements are preformed to capture the measurement uncertainty of an EIRP and EIS measurement done in a compact test range.  These tests may not apply directly to other measurement methods, but can be used as a foundation or ground work for future test methods discussed in RAN4.  
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Figure 1: Illustration, principal measurement setup for a CATR

The following text is to help give some description and guidance for capturing of the uncertainty budget. 
To resolve the QZ:

The DUT and reference calibration antenna (stage 1 or stage 2) should be moved in the z and y directions and gain measurements carried out in each position, in two sets of measurements. These two sets of measurements should be used to extract the 2 uncertainty contributions, in the active uncertainty budget, from QZ ripple on the reference antenna and the DUT
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Figure 2: Illustration, quiet zone ripple measurement setup for a CATR
Working Assumptions:
There are many reflections from walls, roof and floor, each creating an error amplitude with a u-shaped distribution. When adding many contributions, each with arbitrary distribution, the central limit theorem says that the sum of the contributions will be normally distributed. It is therefore reasonable to say that QZ ripple is normally distributed.

Measurement Procedure:
By moving the DUT along the y-axis (from Figure 2), the distance that the reflections in the walls are traveling changes quicker than the distance that the signal vector  travels. The reflections are thereby going in and out of phase relative to the signal vector, causing a ripple on the magnitude of the signal vector.

If possible, while staying in the defined QZ, slide along y-axis so that the path length of the reflected signal from the wall changes 0.5 λ compared to the length of the direct path signal. Do this sliding in both directions compared to the starting center position. Do the trigonometric calculations to define what that corresponds to in sliding length in y-direction.

The DUT or reference calibration antenna can be measured over the following dimensions and number of measurements (example):

Turntable (2), in Figure 2, azimuth angle: DUT is rotated from -90˚ – (+)90˚ and measurement is carried out for every 0.5˚.

Slide (3) position, in Figure 2: 13 positions along y-axis

Roll (1), in Figure 2: 2 roll positions are measured. DUT standing up along z-axis, and lying down along y-axis.

To resolve the standing wave:
Move the DUT or reference calibration antenna (stage 1 or stage 2) towards the test range reflector (in the +/- x direction), gain variations caused by the standing wave between the DUT or reference calibration antenna and the test range antenna will be detected and uncertainty from this can be extracted.
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Figure 3: Illustration, standing wave ripple measurement setup for a CATR
Working Assumptions:
· It is assumed that this uncertainty contribution consists of an error amplitude that is rotating in phase around the signal vector as the calibration antenna is slide towards the test range antenna.
· This error amplitude arises from a standing wave between the calibration antenna and the test range antenna.
· There will be a contribution from wall reflections. The ripple from this is assumed to be inferior compared to the standing wave ripple
· The error amplitude has in theory a U-shaped distribution

Measurement Procedure:
The DUT is measured over the following dimensions (example):

Slide: several (suggested 11) slide positions towards test range antenna, along x-axis.

Roll (1), in Figure 3: 2 roll positions. DUT standing up along z-axis, and lying down along y-axis.

Turntable (2), in Figure 3: Only bore sight
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