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1 Discussion Document

This document discusses the problems associated with the measurement of the effective radiated power from aircraft. It is intended that it will result in a discussion which will lead to a test method.

2 Unknown Factors

The following points have been considered as possible sources of enhanced interference or increased received power during the preparation of the SE7 report. In each case it will be necessary to satisfy the ECC that the problem has been sufficiently studied that the problem is either understood and testable or has a very low probability of proving to be a source of interference to ground networks.

i. Coupling of mobile phones to window frames such that the received power from the ground station is enhanced. If this took place the power received by a mobile phone held by an individual sitting adjacent to a window would be enhanced and it would be necessary to apply more power from the NCU in order to overcome the attempts by the mobile phone to attach to the ground network. During the work of SE7 a result was found which indicated that this might have taken place, it was discussed briefly.
ii. The action of the windows within the aircraft fuselage might couple to the wave from the leaky feeder, which will be moving down the aircraft at the propogation speed of the leaky feeder, such that the signals received from a number of windows might combine to yield a gain in a limited number of directions. Two actions were envisaged by which this might occur, namely, the direct path from the leaky feeder through the window might combine or the wave moving down the inside of the metal fuselage of the aircraft might create re-radiation from the frames of the windows. Those with practical experience of leaky feeders will be aware that destructive interference results in a major loss of signal strength close to the leaky feeder, it is interesting to observe that this effect would theoretically not occur outside the aircraft when the radiation from the leaky feeder directly through the windows is studied. 
iii. Radiation from the ground penetrating through the windows of the aircraft might reflect such that there is localised gain at certain locations. This concept and the previous paragraph both resulted from the observation that a test undertaken by Boeing and Qualcomm in an aircraft in flight yielded both a directional component of coverage and coverage in locations when coverage was not expected.

3 An Engineering Assessment
Experience of practical work on new technologies suggests that only a limited proportion of the potential problems which have been suggested will occur in practice. From the four mechanisms discussed above it is likely that only one will occur in practice. The task which must be undertaken must be to ensure that those interference mechanisms which have been discussed and which will not apply for any individual supplier’s technology have been identified and demonstrated not to be relevant.

There are currently two potential suppliers of systems for use on aircraft, there are differences between the proposed solutions and it should not be assumed that because one technology has overcome a potential source of problems the other one will also have overcome it. The process of proof must be applicable to both technologies.

When proving that a source of interference is not applicable to a technology it might be necessary to test for that feature on a certain number of aircraft types before accepting that it definitely does not occur. The aircraft types should be very significantly different rather than just another variant of the same aircraft and perhaps five or six aircraft types would need to be studied. Ofcom’s paper to the October meeting of the On Board group demonstrated that very large numbers of aircraft are going to have to be tested, a few extra tests on the first six is not going to make a significant difference to the amount of work which is required.
4 Testing the Effects

The factors described above may be easily divided into two categories:-

Enhanced signals received within the aircraft

Enhanced signals from the aircraft

Enhanced signals received within the aircraft are easily tested. A number of calibrated receivers for all of the mobile bands would be scattered around the aircraft and the aircraft would be flown in the location of a number of known sources whilst the received power from those sources is recorded by a computer against the location of the aircraft. At the end of the test the files from the computer would be sealed by an independent observer and submitted for analysis by an independent organisation. The forecast power would be compared with the observed power to demonstrate that gain had not occurred.
The flight pattern for a test flight of this type may be envisaged as taking place in clear air over the sea adjacent to a coast on which there are a number of mobile communications transmitters. The altitude would be 3000 metres and a flight pattern comprising of a number of legs parallel to the coast at varying distances would test the full range of both vertical and horizontal angles. A few orbits off the coast would permit the effect of angles above the horizontal to be measured.

Enhanced signals from the aircraft may be tested by similar techniques to those employed for military aircraft, effectively an electrically quiet location is identified and the aircraft flies past a test point which is equipped with a very high gain antenna, a good quality radio receiver and a computer. Vast amounts of data is downloaded to the computer and analysed. In times gone by the antenna was aimed at the aircraft by a human being, today it is probably done by a computer. The problem with this process is that commercial aircraft lack the agility of a military aircraft so that angles close the horizontal and above it become difficult.
Another military technique which is used is to fly a test aircraft nearby which has an antenna on a boom on the nose of the aircraft. This has the advantage that the test aircraft can manoeuvre around the aircraft under test in order to test various angles but it is still necessary for the aircraft under test to fly a series of straight lines past the instrumented test aircraft, test aircraft are never as fast as the aircraft under test. Fortunately the minimum separation distances for the type of radiation which may possibly occur is great so that the fear inherent in a commercial airliner charging up behind the test aircraft will be much reduced. It is not expected that this process will be appropriate for the type of test under consideration, it was calculated that, if constructive interference occurs from the windows, it will need to be measured at least 5 kilometres away. Test aircraft do not normally carry high gain antennas.
