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1 Introduction

During RAN4 #78 meeting text for different test methods for EIRP and EIS was approved.  This text included but no limited to an uncertainty budget, calibration procedure and test method description in the TR was approved for Section 10, conformance testing aspects.  
The objective of this contribution is to help as a guide in providing details on how to capture all elements of an uncertainty budget for a CATR. The methods can be used as a basis to help provide guidance for evaluation of other test methods.  It has been agreed in the WF that each test method should contain its own uncertainty budget [1]. 
Several TPs have already been presented and approved in RAN4 #78 and this document will help continue the discussion to ensure each uncertainty element has been thoroughly captured.

2 Discussion
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 RF leakage:

This uncertainty encompasses the noise leaking in to the VNA receiver from RF leakage sources (located close to the DUT) picked up in the VNA receiver cable and connectors plus leakage within VNA is measured. By terminating the DUT antenna cable, possible RF leakage sources located close to the DUT antenna will be recorded as a measurement error contributing to the overall error.

Any leakage sources close to the feeder antenna will not be possible to detect due to the large antenna gain difference between the feeder antenna and the leakage source. Figure 2 describes the test setup to capture leakage sources close to the DUT.
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Figure 2: Illustration, RF leakage measurement setup for a CATR
Working assumptions:
Only measurement values for bore sight direction is considered since this uncertainty budget is considering gain for calculating EIRP and EIRS. To get a bigger basis for statistics the surrounding angles (+/- 5˚) is also used.

Only co-polar values are used since those are the ones that will distort the wanted signal in a real measurement.
Measurement procedure:
For this analysis, where gain in bore sight is considered, it does not matter if measurement values from measurement over vertical or azimuth plane is used. This since in bore sight and the angles very close to bore sight the gain is the same for both measurement planes. In this analysis (part of) the measurement values from measurement over azimuth plane is used. 

Extract amplitude values from the amplitude measurement matrix for angles +/- 5˚ around bore sight, for all interested frequencies.

Express measured amplitude in linear form by x = 10^(measured amplitude/20) and calculate Uncertainty level by relating x to a signal vector, S, with SGH gain in bore sight, for respective frequency.  The final uncertainty level = 20*log(1 + x/SSGH).
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 3: 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 3), 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 centre 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 3, azimuth angle: DUT is rotated from -90˚ – (+)90˚ and measurement is carried out for every 0.5˚.

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

Roll (1), in Figure 3: 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

To resolve rotary joints:

The purpose of this is to evaluate the uncertainty of the rotary joints of the roll and azimuth axis.
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Measurement Procedure:

The transmitted signal through a test antenna (e.g. a SGH) should be measured 10 times. Measurements are carried out in the same pointing direction, when in between, roll table or turntable has moved.  Compare the data from all measurement relative the average for all measured points within each frequency.
To resolve misalignment of positioning system, misalignment of SGH and pointing error:
This contribution denotes uncertainty in sliding position and turntable angle, uncertainty in SGH alignment and SGH pointing error.  If possible, align SGH to maximum and then this contribution can be set to zero.  If not possible to align to maximum, then a method to extract uncertainty from this contribution should be used, or a motivation must be given to why this contribution could be set to zero.
To resolve mismatch of receiver chain:

This contribution is the residual uncertainty contribution coming from multiple reflections between SGH and test receiver.
S11SGH = -xx dB => ΓSGH = 10-xx/20 

S11R = -yy dB => ΓR = 10-yy/20
Due to the mismatch between the antenna reflection, ΓSGH, and the receiver reflection, ΓR, the transmission through the system will be according to

T =  [image: image7.png]
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With an unknown phase of the reflections, the mean value will be approximately 

Tmean_SGH = [image: image11.png](1 — |eal®)




This will correspond to the SGH mismatch loss. 

The variation will be within the limits

Tlimits = [image: image13.png](1 + |Tscy| * |Tx])?




Calculate the uncertainty value by applying the S11 measurement uncertainty, provided by the VNA manufacturer, to the above formula. The maximum value of the U-shaped distribution of the uncertainty value will be: 

Umax =10*log10 ([image: image15.png](1 + | Tsrmazl * | Trmazx|)?
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