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Proposal

Background
It is been pointed out that when measuring EIRP from aircrafts, due to possible array effects from the row of window, possible phase error needs to be taken into account, and a minimum distance to the airplane needs to be ensured (far-field conditions). On the other hand, due to practical limitations in transmit power a large distance between aircraft and ground station will limit the dynamic range in the measurement. Therefore a trade-off must be found. This document discusses the consequence in terms of possible error by performing measurements at a flying height of 3000 m.  
Assumptions

Flying at 3000 m height leads to a minimum aircraft-ground station distance of 3000 m. Therefore 3000 m is used in the calculation, representing worst case. In most of the measurements the distance will be significantly longer. 
The aircraft is assumed to be a Boeing 777. The row of windows has a length of 40.5 m, there are 57 windows. For simplicity equal distance is assumed, leading to a window spacing of approx. 72 cm. The aircraft is shown in the picture below.
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Figure. Boeing 777
The radiation from the aircraft is modelled as that of a 57 element array antenna with element spacing 72 cm. The frequency is 1800 MHz.  
Far field discrepancy

The possible error comes from the phase error following from the different path lengths to the receive antenna from different parts of the plane as illustrated in the figure below.
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Figure. Path length difference

For the measurement set-up in question the maximum path length difference is 

[image: image3.wmf]cm

8

.

6

3000

3000

2

/

5

.

40

arctan

cos

3000

=

-

ú

û

ù

ê

ë

é

÷

ø

ö

ç

è

æ


Which translates to a maximum phase error of 150 deg at 1800 MHz.

This phase error across the array appears as shown in the figure below.
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Figure. Phase error across array of windows

Results

Perfect array
Assuming the row of windows appears as a perfect array with uniform illumination, the radiation pattern will be as shown in the figure below, with a maximum array gain of 17.6 dBi (=57). The repetitive pattern is due to so-called lattice lobes.  
[image: image5.jpg]20

151

101

=) 0

(1gp) uen

10k

151

20

-25




Figure. Array gain perfect array
Adding the phase error resulting from the non-perfect far-field condition the antenna gain is as shown below. The maximum gain is 16.3 dB, a difference of 1.3 dB compared to the perfect array case.
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Figure. Array gain, non-perfect case
It is extremely unlikely that perfect phase between windows will be observed in such a complicated and diverse environment as an aircraft cabin. The table below shows the difference between the perfect far-field and non-perfect case when a uniformly distributed phase variation is added on each array element as indicated in the table. The amplitude is always kept constant at 1. 
	Phase error range (deg)
	0
	±10
	±20
	±30
	±40
	±50
	±60
	±70
	±80
	±90
	±100
	±110
	±120
	±130
	±140
	±150
	±160
	±170
	±180

	Diff. (dB)
	1.3
	1.4
	1.2
	1.2
	1.5
	1.3
	1.5
	1.2
	1.2
	1.3
	0.8
	1.4
	0.5
	-0.1
	0.1
	0.0
	0.1
	0.2
	0.1


It can be seen that up to approximately ±90 deg. an error of 1 – 1.5 dB can be experienced. For larger phase variations the error can be disregarded.  
Conclusion

Measuring EIRP from an array of windows at 3000 m distance can lead to an error of up to approx. 1.3 dB. Considering that most likely the phase variation across an array of windows in an airplane is considerable, the error will under normal condition be much smaller. 

Considering other error sources in such a measurement campaign and also the fact that for the vast majority of measurements the airplane will be at a significantly larger distance from the ground antenna, it is concluded that measurements at 3000 m height is adequate.  
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