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1. Introduction

During the GERAN #22 and #23 meetings (November 2004 / January 2005) the issue of acceptable levels of interference to terrestrial networks was discussed with respect to the operation of an airborne network.  

This contribution provides GERAN with the current status and details of the analysis carried by OnAir.  

Note while this contribution is presented for information only the authors would welcome any comments concerning the various areas discussed.  It is expected that figures will be available for the next GERAN (GERAN#25) meeting.

This documents highlights the approaches currently adopted by OnAir to provide the information requested by GERAN.  OnAir asks GERAN for confirmation on the approaches taken.

2. Single Aircraft Analysis

The following provides an overview of GERANs approach to date to analyse the coupling loss between the onboard GSM system and terrestrial networks.

2.1. Terrestrial BTS signal received in aircraft

By assuming the strongest terrestrial antenna signal causes the highest receive signal and no other terrestrial BTS has an additional effect then the following is applied to calculate the received interference signal into the aircraft, see Figure 1.
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Figure 1: Effects of a single terrestrial BTS on an aircraft at altitude

2.2. Aircraft signals received on the ground 

If we assume the single aircraft single MS transmitting case the following identifies the components required to identify the power level received on the ground, see Figure 2.
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Figure 2: Effects of a single aircraft at altitude on the terrestrial system

Note given that it has been suggested that the attenuation of the aircraft is a function of the angle of incidence then the worst case scenario for the effects of the NCU and connectivity part on the terrestrial MSs may not be vertically below the aircraft.

3. Multiple Aircraft 

One of the issues raised at the last GERAN (GERAN#23) meeting was the effect of multiple aircraft and their cumulative interference.

3.1. Discussion 

In order to calculate the respective multiple interference margin we need to understand the environment at altitude.  In effect there are two sets of cumulative calculations that need to be taken, the first is the NCU (network control unit) effects to the ground MSs and the second is the aircraft MSs (MSac) to the ground BTSs (BTSg).  Figure 3 shows the various considerations that need to be taken into account.
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Figure 3: Overview of the multiple aircraft environment

They include.

· Taking the number of aircraft their relative position and altitude at a busy time in a congested air space environment (i.e. around an airport).

· Taking the worst case 3 dimensional terrestrial BTS antenna gain characteristics.

3.1.1. Multiple NCU effects on terrestrial MSs.

Given that the NCU could effect the mobile terminals then it is proposed that the worst case scenario for MIM will occur directly below the lowest aircraft operating the service (i.e. at 3,000 metres) identified as point “B” above.  However all other aircraft will be flying and be in a position different to this aircraft.  The following provides the general equation to calculate the impact of multiple aircraft:

       N=1

Power received at position B =((NCU aircraft power N – Relative free space loss at dN + MSg gain N)




N = n

Where n is the total number of aircraft present.

Note that: 

1) The NCU power of the aircraft will change with altitude according to the associated path loss.

2) The relative distance dn will need to take into account the aircrafts position, altitude and the curvature of the earth.  

3) It is currently assumed that the terrestrial MSs have omni directional antennas.

4) The relative distribution and the associated cumulative effect of all aircraft need to be taken account.

3.1.2. Multiple airbourne MSs (MSac) effects on terrestrial on terrestrial BTSs (BTSg).

Given that the MSacs will effect the terrestrial BTSs and hence only in the 1800 MHz band, it is assumed that the worst case scenario for MIM will occur when:

· The primary aircraft is at the minimum height (i.e. 3,000 m) 

· The terrestrial BTS is located at 49 degrees angle of elevation to the lowest primary aircraft for 1800 MHz (according to contribution GP 050285) i.e. point “A” 2.6 km surface distance away from the primary aircraft

· All other aircraft will be flying and be in a position different to this aircraft.  The following proposes the equation to calculate the impact of multiple aircraft:

       N=1

Power received at position A =((MSac power N – Relative free space loss at dN + relative BTSg gain)




N = x

Where x is the number of MSacs operating at the same frequency and timeslot.

Note that: 

1) Consideration needs to be given to the low probability that two MSac will be using the same frequency band at the same time.

2) The distance dn will need to take into account the aircraft positions, altitude and the curvature of the earth. 

3) The corresponding gain of the terrestrial antenna at the various angles of incidence needs to be taken into account. 

4) The 3 dimensional cumulative effect of multiple aircraft needs to be analysed.

3.1.3. NCU power variation with altitude

It is proposed that the power emitted by the NCU will vary with the altitude of the aircraft.  The maximum that the NCU will therefore transmit at will be at 3,000 metres.  Assuming that the power transmitted here is Pmax then the actual power of the NCU as a function of altitude will be:

P actual (dBm) = Pmax (dBm) - (20*LOG10(Altitude (m) / 3000m))

3.2. Aircraft distributions

OnAir has been in discussions with the company "Mobile Communications Research and Development Forschungsgesellschaft mbH", Salzburg, ("MCO"), for the evaluation of the air traffic density in Europe.  MCO has provided a snapshot of aircraft distribution around London Heathrow airport via the use of MCO’s NAVSIM modeling tool.  

The following data is based on “radar data” (provided by NATS) of July 9, 2004, 0600 – 1100 (UTC), which was a busy day in summer 2004, which is considered suitable for the evaluation.

Using the NAVSIM tool the peak air traffic situation between 06:00 and 11:00 (UTC) was evaluated and extracted.  A snapshot with the location (longitude, latitude and height) of all aircraft in an altitude above 10000 feet (3,000m) in the air space of a radius of 60 nautical miles (110 Kms radius) around London Heathrow is provided in Figure 4 below.  
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Figure 4: Aircraft distribution 110 Km radius around London Heathrow 
on July 9, 2004 at 10.47 am

A total number of 146 aircraft, within 60 nM (110 Km) and above 10.000 feet (3,000 m) was recorded.  The main air traffic routes and holding areas can also be recognized.

3.3. Work Proposed 

Further work is required on the received data to understand the cumulative affects of multiple aircraft for both the NCU onto terrestrial MSs and the onboard MSs effect onto terrestrial BTSs (see sections 3.1.1 and 3.1.2 respectively).

In determining the effects of multiple aircraft transmitters in the above scenario a propagation model needs to be agreed.  The authors ask GERAN for input concerning what type of propagation model should be applied, options include:

· Simple propagation model

· Enhanced Propagation model including ground reflection and building effects 

· Other 

Other airports could also be considered if required.

OnAir asks GERAN for confirmation on the approach taken to determine the cumulative interference effects of multiple aircraft.

4. RF environment within the Aircraft 

There has been some substantial work undertaken covering both the signal propagation and the aircraft attenuation by the EC funded project Wireless Cabin.  Unfortunately much of this work is still not in the public domain.  However the following provides some of the results of this work, which DLR and Airbus have kindly allowed this to be made available.  

4.1. Aircraft attenuation

A sensitivity measurement campaign was performed during the EU IST project Wireless Cabin to determine amongst other items the maximum fuselage attenuation.  Results are shown in Figure 5 for the test carried using a out on the Airbus A330.  The minimum fuselage attenuation value obtained was between 5.6 dB and 37.9 dB, the mean value was 21 dB, with values occurring most often at 18, 26 and 33 dB.  There were 129 measurements made of which only 11 samples were below 10 dB.  The measurements were taken at various points around the aircraft and within various scenarios using different onboard antennas.  From the measurements obtained with the known distance between antenna and aircraft skin the aircraft attenuation was calculated.
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Figure 5: Fuselage attenuation for each measurement points on the A330 aircraft

The measurement index was used as the method for reporting the measurement points and has no specific meaning here.  

Additionally a report by CENELEC (European committee for electro-technical standardization) on civil aircraft and incorporated equipment, covering the conformity assessment procedures, in relation to electromagnetic compatibility, dated October 2000, provided the following analysis (quoted from section A2.3 Radiated emission of the cabin, page 82):

“… Below is an attenuation curve of the cabin of an Airbus A320.  The behaviour of larger aeroplane will be very similar because:

· the cut off frequency is driven by the size of the windows which is identical on all size of aeroplane,

· the level is driven by: the energy interring the fuselage and by the internal losses which at the end gives similar results.
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Then in this band, with a 12dB attenuation of the fuselage and 40m distance, the numbers become…”

Finally there have been some similar discussions on the aircraft attenuation in the RTCA, which is currently studying the effect of mobile cellular support in aircraft. The RTCA has suggested developing an agreed T-PED test guideline (agreed from all RTCA parties), the procedures will include a number of tests including a method to measure the aircraft fuselage attenuation.

For these reasons OnAir continue to propose that the accepted aircraft attenuation for the purpose of GERAN calculations should be assumed as 10 dB irrespective of the angle of incidence to the aircraft. OnAir will inform the GERAN any changes in the status of the aircraft attenuation work in the RTCA. 

4.2. Signal Propagation in Aircraft cabin 

During the measurements within the EU IST project Wireless Cabin a number of in-cabin scenarios were considered.  The following scenario uses a leaky coax cable through the whole cabin.  The leaky cable was installed over the ceiling in the middle of the aircraft.  So the distance to all users was no more then 3 meters.  Figure 6 shows the normalised received power to a distance of up to 3 m.  The results indicate a uniform distribution over the whole cabin thus showing the benefit of using a leaky coax cable compared to common dipole antennas, where a higher field strength is present for passengers and equipment close to such an antenna.
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Figure 6: 1 In-cabin distribution (A319) using a leaky line antenna

Independently determined were the fading behaviour for signal propagation inside the cabin, which gave a value of approximately.  10dB.  

4.3. Additional results proposed 

Airbus is currently in the middle of further tests on their proposed leaky cable antenna and its characteristics inside an aircraft (testing planned during the week of the 4 – 8th April 2005).  The associated results of this testing will be made available at the next GERAN#25 meeting.  

Amongst other items the proposed tests will cover the signal propogation inside the aircraft and the aircraft attenuation i.e. signal leakage outside.  

5. Conclusion

OnAir is actively gathering data to help in the analysis of the effects of the onboard GSM system onto terrestrial networks.

The main areas that OnAir has been investigating cover the effects of multiple aircraft and the aircraft attenuation.  

For aircraft attenuation OnAir proposes that the value of 10dB is taken as the current working assumption and is not dependent of the angle of incidence of the signal.

Unfortunately the detailed data for multiple aircraft was not available in time to complete the analysis of the cumulative effects of multiple aircraft.  It is proposed that the relevant information for the effects of multiple aircraft will be available at the next GERAN meeting in order to reach a conclusion in GERAN on the feasibility of the onboard GSM system under the parameters imposed by GERAN.

This document has highlighted the approaches currently adopted by OnAir to provide the information requested by GERAN.  OnAir asks GERAN for confirmation on the approaches taken in order for OnAir to complete the work for the next GERAN meeting.

Finally the authors would welcome any input or questions from GERAN delegates.
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Terrestrial signal power received on the ground comprised of: 

		The frequency transmitted (fBTS ) to calculate the free space path loss

		The free space path loss relative to the effective distance of the terrestrial BTS (dBTS ) and the terrestrial MS (dms ) 
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Terrestrial BTS signal power received in the aircraft comprised of: 

		The frequency transmitted (fBTS ) to calculate the free space path loss

		Transmission power of the terrestrial BTS (PBTS)

		Effective gain of the terrestrial antenna relative to the angle that the aircraft is to the terrestrial BTS (G )

		The free space path loss relative to the effective distance of the BTS (d )

		The attenuation of the aircraft which may be relative to the angle that the aircraft is to the terrestrial BTS (LAircraft )
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Aircraft Distribution in London Heathrow Area on July 9, 2004 based on Radar Data using NAVSIM 

Mobile Communications Research and Development Forschungsgesellschaft mbH, Salzburg
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