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Ground and flight measurement results
Background

In June/July 2007 a ground and in-flight measurement campaign was conducted on an Airbus A320 aircraft; ground measurements taking place at the Airbus premise located in Hamburg and in-flight measurements nearby in the area of the mountain “Brocken” in northern Germany. The aim was to compare the results obtained during the ground and in-flight measurement and to see whether the ground measurement was sufficient to define the key aircraft RF parameters to calculate the effective power transmitted by the aircraft. These parameters are: 

· Effective aircraft attenuation at the window; 

· Effective aircraft attenuation in combination with the leaky cable. 

The measurements were carried out at the frequencies close to those operated by the NCU, i.e. 460 MHz, 900 MHz, 1800 MHz and 2100 MHz.

The OnAir/Airbus contribution GSMOBA-07066 was presented at the ETSI GSMOBA#9 meeting (December 2007), it describes the ground and in-flight measurement campaigns carried out.

This contribution provides the results and comparison of the ground and in-flight measurements. 

Results

For all measurements stated in this document, the 95th percentile value has been used. For the flight measurement the 95th percentile in the worst case 10° angle, i.e. between 0 and 10° was used. For the ground measurement the external transmitter was set at the same height as the aircraft window and was moved continuously on a 50 metres radius semi-circle around the aircraft at pedestrian speed. From this ground measurement the 95th percentile value was calculated. The same equipment and set up was used for both ground and flight measurements.

Note: the free space path loss propagation model was used for both ground and flight measurements. 

Note: the wingspan of an Airbus A320 is 34.1 metres.

Figure 1 shows the values obtained from both the ground and in-flight measurements for the “aircraft attenuation in combination with the leaky cable” the values presented are given as deltas to the minimum attenuation “x” that was calculated.

[image: image1.emf]461

918

1802

2125

Ground

In-Flight

0

1

2

3

4

5

6

Attenuation / dB                     (normalised to minimum value)

Frequency / MHz

Comparison between ground and in-flight results for the combined aircraft / leaky cable attenuation

 x+

x+

x+

x+

x+

x+

x+


Figure 1: Comparison between ground and in-flight results for
aircraft attenuation in combination of the leaky cable

Table 1 shows the actual difference between the ground measurement results and the in-flight measurement results for the aircraft attenuation in combination with the leaky cable. 

	Frequency band (MHz)
	461.075
	918
	1802

	Difference (dB) between attenuation on the ground and attenuation in-flight
	0.05
	-4.99
	-5.44


Table 1: Difference between ground and in-flight aircraft attenuation in combination of the leaky cable
Note: 
Due to emission power restrictions and pass-filter constraints it was not possible to overcome the large free-space path loss and antenna coupling loss at 2.1 GHz in order to measure enough data to derive reliable signal statistics. 

Figure 2 shows the normalised aircraft attenuation values for the ground and in-flight measurements at the three seat positions 4A, 5C and 6D for the 1800 MHz band.
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Figure 2: Attenuation at the window for ground and in-flight measurements at 1800 MHz normalised to the minimum attenuation calculated 

Table 2 shows the difference between the ground and the in-flight measurement results for the aircraft attenuation at window:

	Frequency band (MHz)
	1802

	Seat
	4A
	5C
	6D

	Difference (dB) between attenuation on ground and attenuation in-flight
	-5.85
	-5.80
	-7.24


Table 2: Difference between ground and in-flight attenuation at window

Conclusion

On observing the results obtained it is clear that the values measured on the ground are much lower than the values obtained during the in-flight measurement. 

Further on considering these results with the results obtained in the measurement of the phase across the length of the fuselage (see contributions GSMOBA-07077) we can conclude the following:

1. There is no coherent phase along the length of the fuselage.

2. Any phase coherency observed only exists across approximately 3 windows.

Consequently the effective size of the “antenna” can be considered no larger than 3 window spacing (for an Airbus A320 single aisle aircraft his equates to 1.30metres) leading to a boundary condition for the far-field at approximately 25 metres.

3. The ground tests were carried out at a distance of 50 metres from the aircraft, i.e. outside this boundary distance, and hence can be considered as the far-field region of the system.

4. The results of the flight tests show no sudden gain and hence no phase array is observed. 

5. Comparisons of the ground and in-flight results show that ground tests measurements are more conservative than flight test values. 

6. Given the lower costs and reduced administration and manpower needed to carry out ground tests compared to flight tests then OnAir proposes that ground test be chosen as an accepted method for determining the RF characteristics of the aircraft as long as the following criteria are met:

a. The measurement distance is located in the far-field region. Minimum separation between aircraft and antenna is hence defined by the effective antenna aperture determined by 2 * distance_between_window_centres + window_width (= max. extent of three windows).

b. Ground tests are carried outside and away from building and other large obstacles.

c. Antennas are selected such, that the whole aircraft is within 3dB-antenna beamwidth.

d. The outside antenna height should be at least equal to the window height and the Fresnel Zone at half distance between the transmitter and the receiver should not be obstructed in order not to have additional absorption/ reflection on the ground (the worst case is for the lowest frequency, i.e. 460 MHz)

