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1 Introduction  

Market investigations show huge interest for mobile services while airborne, both for commercial airline passengers/crew and users of private aircrafts. The attractiveness of the service seems significant on long haul routes as well as on short and medium haul routes. 

Several companies are now in process of developing the technical solution for implementation of an onboard GSM system, as described in GERAN doc GP 042602.

The intention is to establish a system without any new requirements posed on the GSM standard as such, i.e. the system should be accessed by standard GSM mobiles, and no changes should be needed in the existing or planned terrestrial networks.

This document will make probable that such a deployment of GSM in aircrafts can be achieved without causing severe disturbance and interference on the networks on ground.

System description
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Figure 1 Overall system concept

The system concept being proposed by different parties is shown in Figure 1. In this document we concentrate possible effects experienced in terrestrial networks caused by the intentional use of passengers handsets and the airborne RF equipment (one or more picocell BTS and ElectroMagnetic – EM screening device). Communication between the handsets and the BTS(es) will be in the GSM 1800 or 1900 band, while the EM screening device will operate in all relevant GSM bands. 

Since it is not foreseen to use dedicated frequencies for the onboard communication, we are specifically interested in studying the co-channel interference levels that may be experienced in terrestrial basestations and mobile stations, i.e. the signal levels received in the equipment on the ground.

Due to practical and air-traffic safety reasons the system is only foreseen to be active when the aircraft is above a certain altitude, currently 3000m are assumed.

Factors influencing the received signal levels

A link budget calculation including the following elements is shown:

· the penetration loss of the aircraft, 

· a typical terrestrial BTS antenna diagram

· a typical antenna/body loss of a Mobile Station (-3 dB)

· the distance between the aircraft and the possible target for interference

· the angle between the horizon and the line of sight towards the aircraft (( - slant angle/elevation)

The received signal is then calculated as:

Prec = P out +G(() aircraft  - L path + G(() antenna

No additional effects such as ground reflections, coupling losses etc are included in the example.

1.1 Aircraft penetration loss

Several measurement campaigns and simulations have been performed in order to achieve a good description of the attenuation characteristics of aircraft bodies. The results show a strong dependence on the angle between the aircraft body and the signal source/receiver. For the discussion in this document, the simple pattern shown in  

Figure 2 is assumed. 
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Figure 2 Aircraft body’s effect on RF transmissions in the relevant bands

As seen from the curve, the attenuation of the aircraft body is assumed to be between 0 and 20 dB. This is a rather conservative curve valid for communication to/from a MS being placed very close to a window. 


When the transmitting antenna is moved away from the window, an additional penetration loss can be assumed. This is valid for the downlink direction since the BTS and EM screening device antennas are likely to be placed in the roof of the aircraft.

1.2 GSM BTS antenna gain 

A typical BTS antenna diagram (ANDREW) is shown in Figure 3. For the purpose of the example in this document the stylistic “worst case mask” is used. 
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Figure 3 A typical antenna diagram, with a “worst case mask” used for calculation added.

Signal level received in a BTS from an airborne MS

Figure 5 shows the resulting received signal at the BTS receiver input for different distances under the following additional assumptions:

· the MS transmit power is 0 dBm (EIRP)

· the aircraft flying height is 3000 m
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Figure 4 Interference level received by a terrestrial BTS for different distances to aircraft

As can be seen this calculation shows that the value of the received signal from the aircraft at the BTS receiver input (i.e. after the antenna gain is added) is–115dBm or less.

In the vast majority of cases this will not cause any problem to the terrestrial network.

Interference on ground from onboard BTS (or EM screening device)

Figure 6 shows the results of the same calculation for downlink interference based on the following assumptions:

· the BTS transmit power per GSM channel is 0 dBm 

· additional penetration loss of aircraft is 3 dB (the transmit antenna is not at the window)

· antenna/body loss of receiving MS is 3 dB

· the aircraft flying height is 3000 m
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Figure 5 Received ground MS interference signal from onboard BTS (aircraft at 3000m height)

With the given assumptions the received interference level from an onboard BTS is well below the noise floor of terrestrial Mobile Stations, and will not be noticed at all. 

The needed EIRP power per GSM channel of the EM screening device is likely to be lower than 0 dBm, so the same conclusion will be valid, even though the path loss in the 900 MHz band is 6 dB less. 

Conclusions

The conservative link budget calculations indicated in this document show that the likelihood of noticeable interference in terrestrial networks due to GSM usage onboard aircrafts is very small. Mobile Stations being held close to aircraft windows, while the aircraft flying into the main lobe of BTSes deployed for long-distance coverage in rural areas or along coastlines is the only case where the existence of such airborne GSM networks may be noticed on the ground. It should be noted that where frequency hopping is used in the terrestrial network, the potential disturbance is further reduced. 
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