	
	GSMOBA-07066

	European Telecommunications Standards Institute

GSM OnBoard Aircraft

Meeting #9

Norway, Oslo, 13th-14th December 2007
	


 

	Source:
	OnAir; Airbus

	Date:
	12 December 2007

	Title:
	Measurement campaign

	Document for:
	Information 

	Agenda
	-


Measurement Campaign for Assessing the Aircraft Emission Levels Caused by a GSMOBA System Installation

Background

TS 102 576 will provide an agreed methodology on how to measure the value of key parameters which are necessary to determine the E.I.R.P. produced by the system outside the aircraft. In order to agree on the testing methodology used to measure the key parameters, justification on testing approaches backed-up with results will be required. In order to address this issue, OnAir and Airbus carried out a measurement campaign in mid 2007. This contribution presents the approaches followed throughout the campaign.

Introduction

The measurement campaign was conducted in June/July 2007 in Germany and carried out in two phases:

· measurements while the aircraft was on the ground;

· measurements while the aircraft was in flight.

The objective of this campaign was to

1. measure the effective attenuation of the aircraft using a very similar set-up for measurements on ground and in- flight.

2. investigate whether any phase correlation occurs between GSMOBA signals transmitted by the leaky cable and received at the windows. 

3. investigate the main differences in the results between ground and in-flight measurements and ascertain if ground measurements will be sufficient for determination of the parameters of interest..

The measurements were carried out at frequencies close to or within the NCU operating frequency bands, (460 - 470 MHz, 921 - 960 MHz, 1805- 1880 MHz and 2110 – 2170 MHz). In order not to interfere with local cellular networks or other source which could have interfered with the measurements, BNetzA monitored the relevant parts of the spectrum and proposed the following four test frequencies 461.075 MHz, 918.0 MHz, 1802.0 MHz, 2125.0 MHz. Authorisation required for using these test frequencies has been granted by BNetzA.

This contribution provides information on how the measurements were conducted by OnAir and Airbus. At the time of writing, the analysis of the huge amount of data collected during the measurement campaign is still on-going and only parts of the results can be presented at GSMOBA#9.

Prerequisites
For the purpose of the tests described hereafter, the leaky cable was installed as for the commercial set-up in an Airbus A320 single aisle aircraft.

All measurement receivers used were calibrated before commencing the measurements.

Before starting the measurements on the ground, a scan of the RF environment has been performed within the aircraft (at both the leaky cable connector and the dedicated measurement antennas’ connectors) to ensure there were no interference on the test frequencies used. This scan was regularly repeated during the measurement. Furthermore, the test signals were AM-modulated carriers with a modulation depth of 100% (see below). These signals could easily be identified during the measurement and hence unknown interference can be excluded.

Ground measurement campaign
The ground measurement took place at the Airbus premises in Hamburg and it was divided into three sessions:

· to assess the attenuation due to the aircraft in combination with the leaky cable.

· to provide knowledge on whether a phased array effect occurs (cf. e.g. Annex B of ECC Report 093);

· to assess the attenuation due to the aircraft window.

High level description of the ground measurement campaign regarding the attenuation due to the aircraft at the window and at the leaky cable
Attenuation measurements of the aircraft at the window were carried out by installing three conical monopole antennas, each connected to a Rohde & Schwarz TSMU receiver in the aircraft’s forward fuselage section at seat 4A, 5C and 6D. These antennas were used given their broadband non-resonate characteristics (making this antenna type less effected by nearby objects as compared to e.g. resonate antennas) and near omni-directional properties. Figure 1 shows their location within the aircraft cabin. The forward fuselage has been considered to be the most suitable place for conducting these measurements for two reasons:

· The forward fuselage is least effected by shadowing e.g. caused due to the wings and engines;

· The cabin in this section of the aircraft was not affected by the flight test installations (e.g. large equipment racks, etc.).

[image: image1.emf]x

x

220V Power 

Supply

R&S ROMES 

System

x

x

x

R&S 

TSMU

Conical-

Monopole 

Measurement 

Antenna


Figure 1: Measurement of the attenuation due to the aircraft window

For the measurements of the effective attenuation of the aircraft to the input port of the leaky cable a measurement receiver was connected to it.

Outside the aircraft, four transmitters (one for each frequency transmitted) consisting of four signal generators, coupling units and two high power amplifiers were connected to two different directional antennas. A horn antenna was used for the test frequencies 461.075 MHz and 918.0 MHz whereas a log-per antenna was used for the 1802.0 MHz and 2125.0 MHz frequencies. The power levels fed into the antennas per test frequency are listed in Table 1.

	Test frequency / MHz
	power level fed into transmit antenna / dBm

	461.075
	23.6

	918.0
	21.9

	1802.0
	26.9

	2125
	27.1


Table 1: Power levels used during ground measurement campaign

The transmitters were connected to the two directional antennas, fixed to an antenna mount and placed on an antenna mast. This antenna mast was installed on a movable lift platform to enable easy antenna replacement (in both vertical and horizontal direction). Figure 2 provides an overview of the transmitter setup used for both ground and flight measurement campaigns.
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Figure 2: Transmitter/receiver set-up used for ground and flight measurement campaigns (Note: the external pre-amplifier in front of the measurement receiver’s input has been removed for the ground measurement campaign because of sufficient link budget)

For the ground measurement campaign the aircraft was placed on a location usually used for compass calibration purposes. This location is a concrete plate without supporting steel making it highly suitable for RF measurements as well. The measurement was conducted for different angles in both the horizontal and vertical plane. Since the aircraft radiation pattern can be assumed to be symmetrical with respect to the longitudinal axis only one side of the aircraft was measured. The measurements were done at 50 metres distance from the aircraft virtual centre point just behind the main landing gear and in antenna heights between 1 and 6 metres. Height scanning has been performed at locations ‘3’, ‘5’ and ’7’ (see Figure 3) to identify a potential impact of ground reflections. On all other locations the antenna height was set to 4 metres, since the height scan showed that there was no strong variation of the receive signal strength vs. antenna height. Figure 3 provides an overview of the measurement locations for the ground measurement campaign. In addition a continuous measurement was carried out while the lift platform was continuously moved on a semi-circle with 50 metres radius.
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Figure 3: Measurement locations for determining the effective attenuation of the aircraft at the window and leaky cable input port

Knowledge of the emitted power level, the transmit antenna characteristics, the distance between antenna and aircraft, the frequency used and the measured power levels provides the ability to calculate the effective attenuation for both, the attenuation of the aircraft fuselage at the window and at the antenna input port of the leaky cable. This measurement was also used to estimate the receive signal strengths in the aircraft produced by the transmitters during the flight campaign and to parameterize the measurement set-up accordingly.

High level description of the ground measurement campaign regarding a possible phased array effect
A vector network analyser was connected to the leaky cable through a multi-port adapter as described in Figure 4. In order to overcome the attenuation within the leaky cable and to have a larger dynamic range, an amplifier was inserted between the vector analyser and the leaky cable. The receive antenna was also connected to the vector analyser. The associated phase at the same position for each aircraft window was then measured.

Comparison of the results of the phase from each window shows, whether a phase correlation occurs between neighbouring and/or all of the aircraft windows.
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Figure 4: Set-up for phase correlation measurements

Flight measurement campaign

High level description of the flight measurement campaign regarding the attenuation due to the aircraft at the window and at the leaky cable
Apart from different transmit power levels and an additional external pre-amplifiers plus pass-band filter (see below), the same transmitter set-up as used for the ground measurement campaign was also used for the in-flight measurements (see Figure 2 above).  Table 2 quotes the power levels used for the in-flight measurements.

	Test frequency / MHz
	power level fed into transmit antenna / dBm

	461.075
	50.0

	918.0
	50.0

	1802.0
	47.8

	2125
	47.8


Table 2: Power levels used during flight measurement campaign

The position of the transmitters was on the peak of the mountain “Brocken” (1,141 m above seal level) in the “Harz-Region” approximately 50Nm south-east of the city of Hanover in northern Germany. Within the aircraft, the leaky cable was connected to a measurement receiver via a low-noise amplifier and pass-band filter. A low-noise amplifier has been used for enhancing the measurement receivers’ sensitivity, the pass-band filter was necessary to block strong signals stemming from e.g. the aircraft’s DME- and TCAS systems as well as the ATC transponders. Without using a filter, it would have been very likely, that the measurement receiver would have been overloaded. Moreover, the same set-up for measuring the window attenuation on the ground was used (see above).

For each receive power measurement taken, the position, heading and bank angle of the aircraft as well as the time was recorded. With this data, the distance between the aircraft and transmitter as well as both the vertical and horizontal observation angles can be calculated. Equal to the ground measurement campaign, knowledge of the emitted power level, the transmit antenna characteristics, the distance between antenna and aircraft, the frequency used and the measured receive power levels provides the ability to calculate the effective attenuation of the aircraft fuselage both at the window and at the antenna input port of the leaky cable.

Flight Pattern

Three altitudes were used for the flight campaign. The lowest altitude of 1,000 metres above the ground level at the transmit antenna location was used to reflect the situation while performing the ground measurements with respect to a vertical aircraft observation angle of approximately 5°. The mid altitude of 3,000 metres above the ground level at the transmit antenna location was used to reflect the value for the lowest operational height at which the GSMOBA service is currently permitted (3000m). The upper altitude at 6,500 metres above the ground level at the transmit antenna location represents the worst case far-field distance for the 2 GHz frequency band assuming that the whole aircraft fuselage acts as phased array. It is noted that results of the phase correlation were not available at the time of carrying out the in-flight measurements.

During the measurement, the aircraft performed a pre-defined flight pattern as depicted in Figure 5. This pattern has been defined such, that it was possible to measure the aircraft emission levels at various horizontal and vertical angles. All trajectories have been flown twice to increase reliability of the measurement data.
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(b)
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Figure 5: Flight pattern: (a) front-view, (b) top-view on trajectories at 1,000 m (b) 3,000 m and (c) 6,500 m altitude above transmit antenna location.

Conclusion

This contribution provides a high level description of the measurement campaign carried out by OnAir and Airbus. This measurement campaign was done while the aircraft was on the ground and while the same aircraft and equipment was flying.

Due to the large amount of data, the analysis of the result is still ongoing. OnAir and Airbus provide the initial results of the in-flight measurements for the leaky cable analysis in the 450 MHz and 900 MHz band in contribution GSMOBA-07070. Further results will be presented at the next GSMOB meeting.
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