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Discussion on the approaches for conformance of the system

Document Objective

The objective of this paper is to discuss approaches in order to get agreement on how essential RF characteristics of the leaky cable transmissions emanating out of an aircraft can be derived. These approaches are likely to be based on combinations of analytical derivation, numerical modelling and measurements in order to keep the complexity of the required tests within reasonable limits without compromising their applicability and accuracy. Results of the agreed approaches will be used to determine the maximum power level that can be produced by the GSM onboard aircraft system and to be compliant with the e.i.r.p limit as defined in the Technical Annex of the Decision ECC/DEC(06)FF.

It is highlighted that this discussion paper is related to section 7.2 “GSM OB 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 none of the contents of this contribution is aimed at being submitted as text in this section at this moment in time.  

Background:

Currently the maximum permitted e.i.r.p. level outside an aircraft due to an onboard GSM system has been defined in the Technical Annex of the ECC Decision ECC\DEC(06)FF. Unfortunately there is no agreed methodology today on how to derive these values from the reference point of the onboard GSM system, i.e. at the output port to the leaky cable connector.

Consequently this paper proposes some approaches to derive the equivalent allowed power at the output port to the antenna connector. Ultimately an official method of defining the effective attenuation of the aircraft hull with the combinations of leaky cable antenna and the aircraft cabin needs to be agreed. Three principle methods can be envisaged as follow:

· analytical derivation 

· numerical modelling and

· measurements

It is likely that only combinations of the above methods lead to test approaches of practical feasibility.

Approach to define the maximum power level produced by the GSM OBA system:
On the analytical derivation

There have been two main theoretical models which have been proposed for determining the e.i.r.p. of the leaky cable at a given point away from the antenna. The first based on the paper “Prediction of Indoor Wireless Coverage by Leaky Coaxial Cable Using Ray Tracing” written by Samuel P. Morgan [1], defines power equations related to the leaky cable for the near and far fields. The second is a generic simple model, which converts the leaky cable distribution to the equivalent e.i.r.p. of a point source. Both have been theoretically proven as providing similar results and are discussed in the ECC Report 93 Annex B [2]. Note the compatibility report uses the cylinder model to obtain its results and also adds an additional 15 dB margin on top of this calculation to counteract additional fading and internal cabin attenuations to the signal.

However neither of these approaches determines a way of calculating the effective attenuation caused by an aircraft they merely show methods of calculating the expected received e.i.r.p. of a leaky cable at a certain distance.

On the numerical modelling:

Some work outside CEPT and ETSI has been carried out to try to predict the signal propagation within the cabin. Nevertheless, the specific environment within the aircraft cabin makes the prediction difficult due to varying factors. Additionally modelling work on trying to define signal propagation in and around the fuselage has generally been done by using a single (or multiple) omni-directional antenna(s).

The only established model using a leaky feeder was of an in-building study using a prediction field software. However, the leaky cable modelled had a specific function and there is no existing radiation model for such antenna which can be applied in our case.

Moreover, only simplified modelling of expected signal leaving the cabin has been carried out (see ECC Report 93 [2] Annex B.2).

Finally the adoption of any simulation model will require extensive measurement tests in order to validate it. Some mathematical modelling may be useful to define indicative areas, where small variations of parameter values have a large effect on the effective attenuation, (these results would require further test measurement for validation).  However it is not expected that a single model will be able to reflect specific installations, and this will only be achievable via an agreed measurement approach.

On the measurements

Given the expected varying properties between leaky cable types, approaches of installation (1 or 2 cables, installation along the ceiling panels or along the floor etc.) and the aircraft family used then it is expected that measurements should only be consistent when the same set up (same leaky cable type + same installation type + same aircraft family) are present.  

Due to the property of the aircraft and leaky cable materials, the effective attenuation is expected to vary according to the operating frequency bands. For this reason measurements should be done in the 450 MHz, 900 MHz and 1800 MHz frequency bands. It is assumed that the effective attenuation at 2 GHz frequency band due to the small separation of GSM1800 and UTRA core frequency bands it is assumed, that the effective attenuation in both bands will be practically the same.

The measurement approach will have to define the following aspects:

1) Agree on the method used for obtaining the coverage inside the aircraft and the corresponding power needed at the antenna input port.

2) Develop the method to obtain the effective attenuation (single value or profile) of the aircraft at the window (due to the reciprocity theorem the same value can be used for the effective attenuation to or from a mobile onboard the aircraft).

3) Develop the agreed method to obtain the effective attenuation of the combination of the leaky cable and aircraft and the corresponding power needed at the antenna input port.

Proposal 

That the methodology highlighted above is incorporated in the development of the GSM OB system compliance verification defined in section 7.2 of the technical Specification.
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