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Discussion on practical distances for far filed measurements
Document Objective
This paper provides a discussion on the practical distances which can be used when calculating the external leakage effects for the combination of the leaky cable transmitting inside an aircraft.
It is highlighted that this discussion paper is related to section 7.2 “GSM OBA system compliance verification” of the technical specification. The purpose of the paper is to provide help to develop a common approach and understanding of the work that needs to be done. Please note that this contribution is provided as information for discussion and agreement and none of the contents of this contribution is aimed at being submitted as text in this section at this moment in time.

Comments from CEPT 
The question of what distance measurements campaigns should be carried out at in order to show the typical characteristics outside the aircraft has been discussed in many development projects. Annex B of the ECC Report 093 on the compatibility of GSM onboard aircraft service onto terrestrial networks discusses the theoretical limits in some detail. A conclusion of this theoretical study says: 

“Making measurements related to the topic of window effects on fuselage leakage is very challenging. However the radiation pattern of an antenna can only be measured properly in its far field. For a typical aircraft, the far field distance for the aperture of the length would be over two kilometres. As the main lobes are narrow, it is also necessary to make measurement with a high angular resolution.”

Discussion 

The conclusion of the study referred to in ECC Report 093 stated both that the measurements should be carried out in the far field and second that the far field could only be measured once the aircraft was over 2 kms away.
Antenna measurements require the understanding of physical phenomena involving a balance of theory and experiment. Consequently OnAir agree that in order to ascertain the effects of the aircraft to leaky cable transmissions then measurements are needed. However, the question that is raised in this contribution is not what is the theoretical point when an object behaves completely as a point source but what is the practical distance needed to measure the effective attenuation or attenuation profile of the aircraft and leaky cable. 

On doing some research there appears to be many various interpretations of what or more importantly where the far field starts both in theory and in practice. The main agreement looking along the literature is that the far field is not in the near field and that the signal strength falls off via the inverse square to the distance.

Wikipedia quotes: 

“The far-field region is the region outside the near-field region, where the angular field distribution is essentially independent of distance from the source. If the source has a maximum overall dimension D that is large compared to the wavelength, the far-field region is commonly taken to exist at distances greater than 2D²/λ from the source, λ being the wavelength.

Other literature provides a more thorough derivation of this far field cut off point equation via the SK Schelkunoff’s derivation of Maxwells equations and a number of assumptions. However it is pointed out that the equation quoted above for the far field region is based on the limiting factor that the object behaves as a point source (within the ranges of +/- pi/8). 
The question that is raised is, is this theoretical purity required and or justified in practical testing ? 
It is highlighted that the derivations for the far field are based on the driving force to be able to satisfactorily to predict the field strength at a distance “d” away. 
Indeed the dimensions of the transmitters for such analysis are normally small enough to ensure that the “calculated” distance away is only a matter of metres. 
In the estimation of the field strength outside the aircraft OnAir argues that this level of theoretical purity is not required. We are merely trying to find out the expected worse case attenuation profile of the combination of the leaky cable and aircraft. As long as we are not in the near field (i.e. the field strength drops off 6 dB on doubling the distance away) then this should be sufficient. Traditionally the near field is defined as within 10 times the wavelength (some 7 metres away (for 450 MHz frequency). If the measurements are made outside the near field then there is no reason why by taking the spectral envelope measured that this will be fundamentally different to the equivalent of the point source. The main differences will be the point source or equivalent will (theoretically) provide a smooth normal distributed curve whilst measurements taken closer will show a more “bar chart” effect within the envelope due to the canceling of the multiple transmitter effects to the wave. 
This contribution should not be interpreted to say that the value of 10 * Lambda is used for the combination of the leaky cable and the aircraft. We would need measurements and results to validate such a proposal.  However it is used to point out that the practical measurements in the field is commonly much different to the theoretical one. Consequently until further evidence is presented it is proposed that the actual point where the near field stops will be installation and aircraft specific. Thus the final test cases developed may actually require proof that a 1/r^2 fall off of the field strength is measured in order to validate their results.
Proposal 

This contribution proposes that the transmission from the combination of aircraft and leaky cable can only be measured outside the near field. This means that measurements will have to be at least 10 * lambda distance away. However, it may well be installation and aircraft specific. 

Until an agreed value is provided then the final test cases developed may actually require proof that a 1/r^2 fall off of the field strength is measured in order to validate further results.

