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1 Introduction

This document presents results from measurements of terrestrial GSM signals in an airplane during flight. A dedicated flight over south-eastern Norway was done, and the GSM signals received were logged together with flight data such as position and height.  Based on this data we present estimates giving indications of the aircraft attenuation. Although the number of measurements is relatively small and a set of possible errors exists, some important trends are believed to being observed. 

2 Measurement setup
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The flight was done by a B737-700 of SAS Braathens from Oslo Airport. Total time for the flight was close to 1 hour, with approximately 30 minutes in cruising altitude of 16000 feet (4900 m). The route was chosen to avoid the most populated Oslo area, and passed small towns as Hamar, Gjøvik and Lillehammer. The 900 network in the area have more or less continuous coverage, but 1800 is only deployed in spots. The frequency reuse is very low on 1800 in the actual area. Two test-mobiles (Ericsson TEMS) were used, one was placed at the window at seat 4A, and the other on the side of seat 4D (Aisle). The picture shows how the window-mounted mobile was placed approximately 15 cm from the window on the left-hand side of the aircraft.  

The test-mobiles were used in scanning mode. The scan was limited to the 900 and 1800 frequency bands used by Telenor in the area. Data from the mobiles was logged on PCs, the position data was taken from a GPS receiver with the antenna placed at another window.

In the data files the following information was recorded:

· timestamp (measurements every 6 second)

· position 

· received signal strength at every carrier (ARFCN defined according to the Telenor licences)

· decoded BSIC of the relevant ARFCN

3 Measurement data post-processing

The measurement data was combined with the relevant cell parameters such as

· position and antenna height

· antenna type, pointing direction and mechanical tilt

· output power and cable/connector losses

Based on this the distance, elevation angle and  of sight between the BTS and airplane were added to each measurement sample. Furthermore the horizontal angle of arrival relative to the aircraft flight direction was calculated (referred to as “azimut angle”). The left-hand side of the aircraft then corresponds to azimut angles between 180 (backwards) and 360 (forward).

Polar coordinates (assuming the earth as an ideal spherical surface) were used, thus taking the curvature into account.

4 Raw data analysis

Our idea was to use the knowledge of the cell data to compare theoretical calculations with the measured data. By calculating the “expected level” in the different airplane positions and compare with the actual measurement, an estimate of the fuselage attenuation for each measurement sample was made.

Of course there are several sources of errors in this method:

1. the TEMS is not a high-precision measurement device

2. the position data from the simple GPS receiver is not accurate, giving “noise” in the flight data (direction and speed)

3. it is a risk that the measurement of one ARFCN contains contributions from more than one BTS

4. the real antenna diagram of the BTS is definitely not identical to the theoretical one. 

5. we use a pure free space model for the theoretical calculation of expected level

We have tried to reduce some of the uncertainty in the results presented by the following precautions:

· only 1800 measurements are used to estimate the attenuation, since the probability of more than one source for the measured signal in this band is low because of the low frequency reuse and spotty nature of the coverage.

· only measurements inside the main lobe of the BTS antennas are used, since the difference between the real radiation pattern for an installed antenna and the manufacturers antenna diagrams is believed to be less here than in the side-lobes.

Altogether we believe that looking at the trend of the measurements and resulting estimations at least give some indications that can be used when assessing the possible impact on terrestrial networks from GSM in airplanes.  

5 Results

As described in section 4, estimates of aircraft fuselage attenuation were done based on observed measurements by TEMS combined with theoretical calculations of expected received levels. A set of figures illustrates the calculated values:

1. the distribution of attenuation estimates in 5 dB intervals

2. a plot of the attenuation estimate samples at window seat for different azimut arrival angles.

3. the corresponding plot for the aisle seat

4. the difference in measurements between the two terminals for azimut angles between 180 and 360 deg.

5. the attenuation estimates for window seat in a 70 degree wide azimut angle, for different elevation angles

6. the corresponding plot for the aisle seat

7. the difference of measurements for window and aisle seat in this azimut range for different elevation angles
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[image: image2.emf]Window (seat A4) measurements
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[image: image3.emf]Aisle (seat D4) measurements
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[image: image4.emf]Window to aisle measurement difference 
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[image: image5.emf]Attenuation at window  with different elevation angles

(Azimut range: 235-314 deg)
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[image: image6.emf]Attenuation at aisle for different elevation angles

(Azimut range: 235-314 deg)
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[image: image7.emf]Window to Aisle delta attenuation at different elevation angles 

(Azimut range: 235-315 deg)
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6 Observations and discussion

A general observation is that the fluctuation in measurements is relatively large, also inside the main lobe of the antenna. A couple of estimates show unexpected values in both directions. The reason for this is probably a combination of normal measurement statistics using the TEMS, the fast speed of the airplane, and the structure of the fuselage giving strong variations in the RF field, but most important the method where a theoretical calculated “typical” value is compared with real measurements. The pure free space loss formula can in several cases give wrong answers, in both directions. The couple of cases where we have measured more inside the aircraft than what we calculate outside, can be explained by large reflections from lakes. The extreme values in the other direction may be explained by low clearance or even shadowing in the line-of-sight by obstacles such as buildings or hills.

However the following observations are done:

· The calculated attenuation estimates indicates that a typical value of 5 dB or more can be expected (80 % of the estimates for the window seat are higher than 10 dB).

· The estimates for window seat attenuation show a minimum around 270 deg azimut, and higher values when the signal arrives more along the side of the aircraft, as expected.

· The trend of difference between the window seat and aisle seat measurements shows that the signals generally are weaker inside the plane, but the difference is somewhat lower than expected.

· The variation of estimates on different elevation angles does not show the expected decrease with higher values. 

· The difference between window and aisle seat increases with increased elevation angles as expected.

The lack of dependence between the elevation angle and attenuation estimates could be explained by the fact that for all the relevant elevation angles observed, a direct line-of-sight from the mobile at the window is present. 

Another observation from our measurements that should be noted is that the maximum measured received level at 1800 band (within or outside the main lobes of the antennas) is – 84 dBm. Only a few samples are higher than – 90 dBm, the typical value inside the main lobes is around –95 dBm. With 40 dBm or more at the antenna input, this indicates that the path loss (including the BTS antenna) is at least 125 dB.

This means that the additional uplink interference from a 0 dBm mobile in the aircraft would for all the cases be well below the noise floor, and would not influence the terrestrial network at all.

7 Conclusions

The measurements and post-processing done indicate that the typical attenuation of an aircraft fuselage is 5 – 10 dB  and often more. This also indicate that large variations may be expected, but that lasting situations with very low attenuation in the direction of a terrestrial BTS is not likely to occur.

Telenor will continue to analyse these data, as well as perform new measurements in order to increase the knowledge in this important area to prepare the successful introduction of GSM in aircrafts.
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