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Protection of Terrestrial Systems to Levels Defined by CEPT SE7
Introduction

CEPT SE7 reached conclusions which assumed that the Network Control Unit was able to control the mobiles on the aircraft and that the emissions would not exceed a defined e.i.r.p. This process avoided the requirement to characterise the cabin attenuation. If the standard is to define a process for the use of GSM phones on aircraft which will be acceptable to mobile operators and regulatory agencies it will be necessary that factors such as the leaky feeder, the power outputs for the individual aircraft and the methods used to ensure that the e.i.r.p. does not exceed the prescribed value for the individual aircraft types are defined. There are many types of aircraft within which a GSM service may be required and it will not be possible to define these figures for all of them within the technical standard. It is assumed that it will be necessary to define a verifiable process which will result in the aircraft meeting the required standard. This note outlines some of the areas which must be covered and discusses the options.
NCU

It is fundamental to the success of the proposal that the Network Control Unit shall have enough power to suppress the reception of the signal from the ground. During the studies undertaken in SE7 it was assumed that the attenuation from the cable to a window is a defined figure. In practice the attenuation might vary with the location of the leaky feeder and the passenger load. There are also other problems which must be considered:-
i. Different leaky feeders have different frequency responses. The frequency range to be covered by the NCU ranges from 450 MHz to greater than 2,600 MHz, this is beyond the operating range of many leaky feeders, it should therefore be expected that there will be significant variation in the both the attenuation of the feeder along the length of the aircraft and the transmission from the leaky feeder to the windows.

ii. If the performance of the leaky feeder varies with frequency, it may be necessary to ensure that the transmitted power may be set to different values for the different frequencies to be controlled.

iii. The leaky feeder may need to be constructed specially for use in aircraft, polythene dielectrics may not be acceptable due to the flammability of the material. If different leaky feeder manufacturers adopt different solutions to this problem, the performance of the leaky feeders from different sources may be very different. The installation for any aircraft will therefore need to include the exact specification/manufacturer’s code of the leaky feeder.
iv. The performance of the leaky feeder within the aircraft will be affected by its proximity to the metal skin of the aircraft and any conductors within the cabin. The cabin of a passenger aircraft has wiring which supports the equipment above the seats and the overhead lighting. This wiring is not essential to the operation of the aircraft and is separate from the cockpit wiring but it will affect the radiation pattern of the leaky feeder.
All of the problems which concern the leaky feeder may be solved by routine procedures which are already in use for the engineering of aircraft systems. It will be necessary that, for each aircraft type, there will be a specification for the installation. It will be possible to test that the required power is available throughout the cabin when the first aircraft of any aircraft type is fitted and the settings for the NCU may be read and recorded in the installation specification. The standard of engineering in aircraft is so high that any further fits of that type and fitout of aircraft could follow the procedures laid down in the specification and the performance should be acceptable.

It is necessary that the specification for the NCU will support a wide range of leaky feeders and that the problems of the aircraft fit are defined by reference to a procedure for the preparation of the specification of the aircraft installation which must be followed and documented.

Transmit Power of the Mobiles
The CEPT report assumes that the mobiles shall be instructed not to transmit using a power of more than 0 dB. Defining the procedure for achieving this involves a number of steps which the software for the picocell base station from different manufacturers may opt to implement in a different order. It is possible to test that the picocell achieves this by ensuring that all of the required messages are received. Alternatively it might be preferable to test this process by checking that the terminals from, perhaps, three of the major manufacturers do not transmit at a higher power than 0 dB.

Maintaining the e.i.r.p.

The CEPT report specifies the power as an e.i.r.p. outside the aircraft and fails to specify the method of ensuring that this e.i.r.p. may be achieved. This process introduces a number of problems which must be solved before GSM on Aircraft is introduced. As mentioned in the section concerning NCUs above, there will need to be a procedure for the preparation of the installation specifications, this procedure is probably an appropriate place for specifying a method of resolving this problem. Unfortunately the understanding of the method of achieving this is limited. There are more potential problems than solutions. The document needs to outline a method of solving this problem but the working group does not have the capability to provide a comprehensive solution. Some of these problems include:-
i. CEPT considered the possibility that the windows of the aircraft might create a radiation pattern similar to that which is seen on slotted antennas or phased arrays. In this case the radiation pattern would be expected to show gain in certain directions. The input from Boeing during which they flew an aircraft with a test CDMA terminal over the Rocky Mountains suggested that this effect does take place. The problem with phased array antennas is that the measurement has to be made at a distance which is related to the size of the antenna if the phase shifts on the individual paths are not to be dissimilar from those which would occur at a great distance. Typically, for a large aircraft, the measurement distance might be 10 kilometres. It is possible to take measurements of radiation patterns from aircraft in flight but, if the measurement distance is 10 kilometres, the testing process would involve a great amount of airtime and the military solution for measuring radiation patterns above the horizontal axis is probably inappropriate for airliners. A solution based on numerical modelling should be considered.
ii. During the preparation of the CEPT report Boeing submitted results which showed that it was possible to significantly reduce the radiation from the body of the airliner. It may be assumed that they would be unwilling to reveal exactly how they achieved this for competitive reasons but any radio engineer could conceive of methods by which a reduction could be achieved. The method which is specified must be flexible enough to permit a manufacturer to employ radiation reduction methods which are not within the scope of the ERM/MSG working group.
iii. The radiation pattern from a leaky feeder with a broad frequency response assumes destructive interference from the ports in the immediate vicinity of the measurement point and a signal from the more distant ports which provides the received signal. The effect is a wave which travels down the aircraft at a speed which is the propagation rate of the cable. This wave will interact with the skin of the aircraft in ways which depend on the structure of the aircraft, there will be reflections from ribs and re-radiation from edges and holes such as windows. The wave will also be affected by the materials which it encounters, carbon fibre has a higher impedance than aluminium and there may therefore be a greater penetration of the wave into the material. The structure of the aircraft may have a response to the radiation which is dependent on frequency and the design of the aircraft. The specification for the installation for the aircraft will need to demonstrate that factors of this type have been considered, the description of the method of preparing such a specification must outline a process which includes the study of the potential for excessive radiation and the methods used to identify the sources.
Numerical Modelling?

The factors described above suggest that the process of ensuring that the e.i.r.p. does not exceed the figure defined by CEPT SE7 will be difficult. The cost and difficulty of physical testing particularly in view of the potential for changes to the interference depending on whether the aircraft is full or empty must result in the possibility of using numerical modelling being considered. Numerical modelling will be demanding because the nature of the aircraft and the leaky feeder introduce a range of possible sources of interference each of which must be considered. A practical solution to this problem would be to:- 

select an aircraft

model it in detail
vary parameters to create a sensitivity analysis

From this work it would be possible to determine which factors are significant as a potential source of interference at a great distance and which factors may be ignored. From this study it would be possible to create a set of instructions for modelling an aircraft which would deliver an acceptable accuracy. Unfortunately this process is beyond the scope of the ERM/SMG working group. A way forward must be derived which will overcome this problem.
