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Background

A discussion has been ongoing concerning measurement methods and models to predict the penetration loss in aircraft fuselage, to be able to predict signal level outside aircraft and compare with the ECC limits.

In this document a comparison is performed between two sets of measurements performed in 2006 on a Boeing 777. One is a measurement on the tarmac at the airport. The other is a flight measurement.

Measurement set-up

The figure below shows the aircraft and the position of two leaky feeders used in the measurements. Each leaky feeder has a length of 53 meters.
[image: image1.emf]
On tarmac

The on tarmac measurements were performed with the leaky feeder antennas as transmitters. The Tx signal was run through a power splitter and fed into the two antennas in parallel. The signal was a GSM BCCH signal at 1900 MHz with a signal level of 6.4 dBm. The receiver was a GSM TEMS test-set positioned on a car slowly driving past the aircraft at a distance of approximately 600 m.

In flight

In flight a transmitter at a fixed position on the ground was used. A narrowband signal was transmitted and received on the two leaky feeders in a multiplexed manner. 

A number of routes were run, but only one is shown in this document. This is the one with the lowest elevation angles, approx. 1.2 degrees, which for chosen because it is most comparable to the tarmac measurements in terms of elevation angle. 

Differences between measurements 

Due to reciprocity the two set-ups are equally able to estimate the penetration loss. However, there are other differences that should be kept in mind:

· The distance between the aircraft and the equipment outside the aircraft is much higher in the in-flight measurements. Perfect far-field can not be assumed for the tarmac measurements considering possible array effects from the aircraft row of windows.

· In the on tarmac measurements both antennas are transmitting simultaneously

· The on tarmac measurements does not allow variations in elevation angle

· Ground reflection could affect measurements in the tarmac case more strongly than in flight
Method of analysis
In both cases the penetration loss due to the combined effect of the aircraft fuselage and the leaky feeder is estimated as 
Penetration loss = Rx power(EIRP) – Tx power – Free space loss

Where free space loss is calculated as the theoretical free space loss given the positions of the Tx and the Rx, always decided by GPS.

Results
On tarmac

The Figure below shows the result in penetration loss (combined effect of antennas and fuselage) as a function of azimuth angle, defined as 0 degrees being broadside, and angles counting counter-clockwise. 
The loss is between 8 and 27 dB. The mean loss is 19.5 dB, and the 5 percentile is 12.5 dB. 

The cumulative distribution function is shown in the figure below. 

[image: image2.emf]0,0

5,0

10,0

15,0

20,0

25,0

30,0

-20 -10 0 10 20 30 40 50

Azimuth angle (deg)

Penetration loss


[image: image3.emf]0

10

20

30

40

50

60

70

80

90

100

0 5 10 15 20 25 30

Penetration loss

Value exceeded for abcissa


In flight
The Figure below shows the result in penetration loss (combined effect of antennas and fuselage) as a function of azimuth angle for the port side leaky feeder, which is the antenna closest to the Tx antenna and the one with the highest signal level on average.

The loss is between 8 and 41 dB. The mean loss is 20.2 dB, and the 5 percentile is 12.2 dB. 

The cumulative distribution function is shown in the figure below. 
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Discussion

The estimated penetration loss is relatively similar in the two cases. There is, however, slightly larger variations in the in flight measurements. This could be because of the inherent transmit diversity effect in the in ground measurements, as both leaky feeders were transmitting simultaneously. 

For the lowest percentiles of penetration loss, which represent the worst case in terms of possible interference to terrestrial networks, the values in the two cases are very similar.

Theoretically, with a window distance of 80 cm, a grid pattern resulting from the array of windows would have a distance between peaks of approximately 11 degrees in broadside direction. From neither of the measurement series shown it is possible to conclude that such an array effect exists. The figure below shows an example of what a perfect array diagram with the same element spacing could look like. The figure should be interpreted as illustrative, the gain is normalised to 0. 
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