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Measurement methodology to define the aircraft attenuation at the window and the combination of the aircraft attenuation with a leaky cable antenna solution
Document objective: to provide the measurement procedure to define the effective aircraft attenuation at both the window and the combination of the aircraft attenuation with a leaky cable antenna solution.

Proposal: 

Previous contributions have suggested two discrete measurement methodologies for evaluating the effective attenuation at either the window or for the combination of aircraft and leaky cable antenna. Given the time and organisation required to carry out such tests OnAir proposes to define their description to allow for a single optimum testing solution.

By transmitting outside the aircraft with receivers located at both the window and at the leaky cable connection then the attenuation of the aircraft at the window and the aircraft attenuation in combination with the leaky cable antenna can be carried out in a single test. 

It is highlighted that at the time of writing there are two commercial technical solutions proposed to offer GSMOBA services. This contribution does not try to imply which is the favoured solution and hence is applicable to both solutions proposed.

Decision: 

If agreed, it is proposed to remove section 4.4.1 and 4.4.4 and to include the following new section 4.4.1 in TS 102 576.

******************************* New Section *******************************

4.4.1RF attenuation characteristics of the Aircraft test methodology

4.4.1.1

Pre-requisites for testing 

High level test description 

Measurements are made within the aircraft while the external signal, outside the aircraft, is placed on a platform which is moved around the aircraft in a circle as shown in figure Z1.

Note: the receiver can be placed outside the aircraft while the transmitter is inside the aircraft

Note:
If the leaky cable installation within the aircraft is fully symmetrical then measurements using a semi-circle around the aircraft will be sufficient.

Location of the aircraft:

The aircraft must be located in a clear outdoors environment in order to keep the probability of possible corruption of measurement results due to signal reflections at obstacles outside the aircraft as low as possible.

Frequency authorisation:

As the measurement is done in an open area with a radiated signal, authorisation to use cellular bands may be impossible. Consequently, authorisation to use specific frequency bands close to those used by the GSMOBA system may be required from the national regulatory administration of the country in which measurements are carried out.

Separation distance between the aircraft and the transmitter (radius of circle)

The choice of the separation distance between external transmitter and the aircraft is based on four constraints: 

· that the 3 dB antenna beam width  covers the entire aircraft cabin;

· that the separation distance from the transmitter to the aircraft is bigger than the wingspan and half of the overall aircraft length;

· that the Fresnel Zone at half distance between the transmitter and the receiver is not obstructed in order not to have additional absorption/ reflection on the ground and the following equation defining the radius of the Fresnel zone applies: 
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	Equation 1


Where: 



F: 
is the frequency in MHz

D: 
is the distance between the transmitter and the receiver in meter

R: 
is the radius of the Fresnel zone at half distance in meter
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Figure Z1: Test location 
The transmitted antenna height is set to the same height as the aircraft windows. The following describes the tests for 4.1.2 Aircraft attenuation in combination with the leaky cable and the tests for 4.1.3 Attenuation of aircraft at window separately. It is highlighted that by using the transmitter outside the aircraft with receivers located at the window and at the antenna port then these two procedures can be combined to a single procedure.

4.4.1.2
Aircraft attenuation in combination with the leaky cable

4.4.1.2.1
Test purpose

To define the attenuation of aircraft in combination with the leaky cable for each operating frequency band

4.4.1.2.2
Methods of measurement

Equipment requirement

· RF signal generator

· Power amplifier

· Measurement receiver

· Reference antennas for transmission of the test signal

· Leaky cable antenna(s) installed as in its final routing

Note:
It may be necessary to use different signal generators, power amplifiers and antennas for 
the different authorized frequency.

Test procedure:

Step 1:
Set the transmit antenna on the platform, which is adjustable in height outside the aircraft. Set the height of the transmit antenna above ground according to the type of aircraft under investigation.

Step 2:
Connect the transmit antenna to the RF signal generator through a power amplifier1.

Step 3:
Connect the leaky cable to the measurement receiver.

Step 4:
Select one of the authorised frequency and set the RF signal generator accordingly.

Step 5:
Activate transmission of the RF signal generator for the selected frequency at the authorised power level.


Note:
The transmit signal power shall be high enough to be able to be measured by 
the receiver equipment. Depending on the authorisation constraints, a pre-
amplifier may be required to ensure that the signal is within the receiver’s 
dynamic range.

Step 6:
Set the resolution bandwidth of the measurement receiver to 100 kHz; set the video bandwidth to approximately three times the value of the resolution bandwidth.

Step 7:
Set the centre frequency of the measurement receiver to the selected frequency. Set the frequency span of the measurement receiver such that the entire spectrum of the test signal is taken into account for power measurement.
Step 8:
Measure the receive power continuously and record the values while the transmit antenna on the movable platform is continuously moved around the aircraft on the defined path.

Step 9:
Repeat step 4 to 8 for the other authorised frequency bands

4.4.1. 2.3 Calculation of combined effective aircraft attenuation and leaky cable

 For the given position and using the free-space model:
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where

dkm being the transmit-receive antenna separation in km and

fMHz being the frequency of the test signal in MHz.
Step 1: 
For each frequency band, calculate the overall average value of the attenuation

Step 2:  
For each frequency band, calculate the standard deviation which is the spread of the data. 

Step 3:  

For each frequency band, calculate the 5th percentile attenuation value. 

4.4.1.3 Attenuation of aircraft at window

4.4.1. 3.1
Test purpose

To define the attenuation of the aircraft at the window for each frequency band covered by the NCU.

4.4.1. 3.2
Methods of measurement

Equipment requirement

· RF signal generator

· Power amplifier

· Measurement receiver

· Transmit antenna 

· Reference antennas for transmission and reception2 of the test signal

Note:
It might be necessary to use different signal generators, power amplifiers and antennas for 
different frequency bands.

Test procedure:

Step 1: 
Set the transmit antenna on a platform, which is adjustable in height, outside the aircraft.

Step 2: 
Connect the RF signal generator to the transmit antenna through the power amplifier1.

Step 3: 
Within the aircraft cabin, connect the receive antenna to the measurement receiver.

Step 4: 
Place the receive antenna close to an aircraft window, which is not shadowed by any part of the aircraft, i.e. a window having direct line-of-sight towards the transmit antenna outside the aircraft.

Step 5: 
Select an authorised frequency and set the RF signal generator accordingly.

Step 6:
Activate transmission of the RF signal generator for the selected frequency at the authorised power level.


Note:
The transmit signal power shall be high enough to be able to be measured by 


the receiver equipment. Depending on the authorisation constraints, a pre-


amplifier may be required to ensure that the signal is within the receiver’s 


dynamic range.

Step 7: 
Set the resolution bandwidth of the measurement receiver to 100 kHz; set the video bandwidth to approximately three times the value of the resolution bandwidth.

Step 8:
Set the centre frequency of the measurement receiver to the selected frequency. Set the frequency span of the measurement receiver such that the entire spectrum of the test signal is taken into account for power measurement.

Step 9:
Measure the receive power continuously and record the values while the transmit antenna on the movable platform is continuously moved around the aircraft on the defined (semi) circle. 

Step 10:
Repeat step 5 to 9 for all the other test frequencies.

4.4.1. 3.3 Calculation of effective aircraft attenuation at the window 

 For the given position using the free-space model:


[image: image5.wmf]measured

er

transmmitt

in

indow(n)

aircraft_w

P

FSL

G

P

Att

-

-

+

=

 (dB)


with 




[image: image6.wmf])

log(

20

)

log(

20

44

.

32

km

MHz

d

f

FSL

+

+

=


(dB)


where



fMHz being the frequency of the test signal in MHz and



dkm being the transmit-receive antenna separation in km.
Step 1: 

For each frequency band, calculate the overall average value of the attenuation.

Step 2:  
For each frequency band, calculate the standard deviation, which is the spread of the data. 

Step 3:  

For each frequency band, calculate the 5th percentile attenuation value.

� A power amplifier might not be necessary in case the signal generator delivers enough signal power to ensure, that the receive signal falls into the dynamic range of the measurement receiver.
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