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Introduction

This document describes the main concepts of a GSM in aircraft system proposed by AeroMobile
, and shows some example calculations of the potential interference levels caused on terrestrial networks. The overall design is according to the system example being studied by CEPT SE7 and contains the following main elements:

· Passenger connectivity provided by onboard GSM 1800 or 1900 BTS

· A control device masking out the control signals from terrestrial networks in order to prevent unwanted connections from onboard mobiles of any kind

· Satellite connections to the AeroMobile core net, supporting normal GSM roaming

· Automatic and Manual control of system operation

An overall picture of the onboard installation is shown in figure in Appendix 2

CRFMU (NCU) description

The Cellphone RF Management Unit (CRFMU) or NCU (Network Control Unit – the SE7 term) has as its only purpose to prevent onboard mobiles from erroneously connecting to any terrestrial network.

The main principle is to insert a noise-signal inside the cabin that just drowns out the terrestrial signals. AeroMobile’s design for this contains a number of measures
 to keep the transmitted noise signal at a minimum level:

· Use of dual radiating cables

· Two non-coherent sources of noise fed into the two cables

· Use of a constant envelope noise signal

· Programmable notches in noise-signal to allow BTS carriers with minimum power

· Programmable power and frequency spectrum to allow different settings for different countries/regions and future changes in spectrum allocations

As a result the AeroMobile solution will have the following advantages:

· a minimum target level for the noise signal to mask out the terrestrial signal

· a minimum onboard fading margin needed, i.e. minimum CRFMU power and hence minimum potential interference

In-cabin propagation considerations

By using the dual radiating cable solution, the distance from a handset to the cable is 2 m or less in all practical situations. Compared to traditional antennas, the radiating cables are able to provide a more uniform coverage throughout the whole cabin length. In addition the fading depth due to construction geometry is significantly reduced since almost every mobile position will have a direct line of sight to a part of the cable installation. This means that the fading pattern will definitely not be Rayleigh-type. Unfortunately AeroMobile has not so far performed detailed in-cabin fading measurements, but Telenor has comparable data from road tunnels. As an example 10 dB fades only occurred in less than 3 % of the samples. 

Different considerations must be made for the noise signals and the connectivity signals. Starting with the noise signal, the purpose is to minimize the number of terrestrial connect-attempts from onboard mobiles. For such an attempt to occur the terrestrial signal (after coding gain in the case of CDMA) must be a number of dB higher than the noise for a period long enough for a mobile to synchronize and read the broadcast information. The exact value is depending on the type of network (GSM, UMTS, CDMA2000). 

In the system design, the nominal noise-level is based on worst-case geometry. The probability of a connect-attempt from an on-board mobile to be successful is also reduced due to Doppler-effects. It is therefore reasonable to use the 95-percintile when defining the fading margin. 

In the AeroMobile solution where the noise signal received by any onboard mobile is the result of two non-coherent sources, a value of 10 dB or less as fading margin on the signal from the radiating cable approximately 2 m away is considered sufficient.

When considering the connectivity signal, the dual radiating cables will work as transmit diversity, and as long as the delay between the two signals when received by the mobile is less than the GSM multipath equalisation depth the energy will be used in the receiver. So even if the fading of the two signals may be somewhat more correlated than for the noise, it is a gain from using two radiating cables. Similar considerations can be made for the opposite direction where the energy from the two cables is added at the receiver. A 15 dB margin is therefore considered as sufficient in order to maintain a normal service.  

Link budget calculation examples

In this paragraph we have included example MCL (minimum coupling loss) calculations for the AeroMobile proposed solution for large aircraft. The following assumptions are used, most of them in line with the current working assumptions in CEPT SE7:

· Ground BTS / Node B power 43 /33
 dBm 

· Ground BTS / Node B reference antenna, ITU 1336 2005 version, maximum sidelobes, max gain 15dBi at 900 and 18dBi at 1800 and 2000

· 0 dBi antennas for mobiles

· Free space loss between aircraft and ground, curved earth

· Aircraft attenuation 10 dB

· Radiating cable propagation is according to appendix 1.

· Required noise level to prevent access: 0 dB C/N for GSM, and 24 dB for UMTS
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Table 1 shows the maximum levels of terrestrial GSM signals received onboard.

:

These “worst-case” figures are used to determine the required CRFMU and ac-BTS power in tables 4 and 5 below.

Table 2 shows the maximum levels and resulting maximum interference caused by an airborne mobile transmitting at the frequency and timeslot being used by the ground BTS.
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As seen from the table, the interference of one aircraft is well below the receiver noise floor. The probability that several aircraft within view of the same ground-BTS are using the same frequency and timeslot is rather low; so multiple interferers are a minor problem in this case.

Table 3 shows a link budget for the onboard MS to BTS link, where the interference from a mobile on ground operating on the same frequency and timeslot is calculated.
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As can be seen from the table the interference from terrestrial mobiles to the BTS onboard is not a problem unless the onboard signal suffers from a deep fading at low flying altitudes. In this case multiple interfering signal with similar strength at the same channel will not occur due to the frequency reuse distance of the terrestrial network. The ac-MS power will therefore always be set to 0 dBm. 

[image: image4.wmf]Table 4: CRFMU to g-MS (large aircraft installation):

Frequency (MHz)

900

1800

Aircraft height (m)

3000

5000

10000

3000

5000

10000

Max signal received from ground by onboard mobile (dBm)

-78,5

-82,7

-88,4

-86,7

-90,5

-95,3

C/N ratio for shielding (dB)

0,0

0,0

0,0

0,0

0,0

0,0

Fading margin (dB)

10,0

10,0

10,0

10,0

10,0

10,0

Required CRFMU signal at ac-MS (dBm)

-68,5

-72,7

-78,4

-76,7

-80,5

-85,3

Coupling-loss mobile - radiating cable (2 m) (dB)

68,0

68,0

68,0

69,0

69,0

69,0

Attenuation half-cabin (25m) length (central feed) (dB)

3,0

3,0

3,0

4,0

4,0

4,0

Required Radiating cable input (per segment of 25 m) (dBm)

2,5

-1,7

-7,4

-3,7

-7,5

-12,3

Mean power in whole cable (dual 50m) (dBm)

1,0

-3,2

-8,9

-5,7

-9,5

-14,3

Maximum received noise in g-MS right below: (dBm)

-127,6

-136,2

-147,9

-135,3

-143,5

-154,3

g-MS thermal noise + receiver noise (dBm)

-114,0

-114,0

-114,0

-114,0

-114,0

-114,0

Increase in noise floor:(dB)

0,2

0,0

0,0

0,0

0,0

0,0

 Table 4 shows the calculation of the CRFMU power and the interference level on terrestrial mobiles. 

Here the minimum distance is used, i.e. the mobile is right below the aircraft.

The increase of noise floor from one aircraft is almost not visible. Even though the CRFMU is transmitting on every channel, the risk of having a number of aircrafts at low altitude within sight of a mobile is also rather low, so also in this case the impact should be considered non-harmful.

Table 5 shows the similar calculations for the interference from the ac-BTS, i.e. on the frequency being used by the onboard system.

[image: image5.wmf]Table 1: GSM: g-BTS to ac-MS

Frequency (MHz)

900

1800

Aircraft height (m)

3000

5000

10000

3000

5000

10000

Minimum loss G-BTS - aircraft position inclusive antenna (dB

111,5

115,7

121,4

119,7

123,5

128,3

G-BTS EIRP (dBm)

43,0

43,0

43,0

43,0

43,0

43,0

Aircraft attenuation (dB)

10,0

10,0

10,0

10,0

10,0

10,0

Max signal received from ground by onboard mobile (dBm)

-78,5

-82,7

-88,4

-86,7

-90,5

-95,3


In this case the increase of the noise floor is higher, but still below 1 dB. The risk of multiple interferers in this case is significantly lower than for the CRFMU-case, since the frequencies used in the aircraft for connectivity may be chosen at random.

Finally in table 6 the calculations for UMTS in the three different bands are shown. 
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The same considerations as for the GSM-band may be done: the interference from one aircraft is well below the noise floor, and only the very unlikely event of a number of aircraft at low altitude around a mobile may produce a detectable degradation.
Discussion – conclusion

As always the results from calculations are depending on the assumptions made. The most apparent parameter being heavily discussed is the aircraft attenuation. A number of measurements have been conducted, and different results are presented. What obviously is a fact is that the attenuation effect on signal propagation of an aircraft fuselage is not constant; it varies with the position and type of antenna inside, and the direction towards the peer antenna at large distance. In the example calculations included in this document we have used the current working assumption from SE7 of 10 dB. It could be argued that under certain circumstances the attenuation directly through a window could be less, but on the other hand the attenuation in many other directions is also guaranteed to be higher (e.g. direct below the fuselage).

It is also obvious that the risk of interference is significantly reduced when the operational altitude is increased. 

Other parameters that are important are the margin on the nominal noise level inserted to ensure blocking of the terrestrial signals, and the onboard fading margin both for the noise signal and the connectivity signal. There is a clear trade-off between the level of guarantee that erroneous terrestrial attempts are made, and the noise signal level. It is for instance not any reason to make the overall probability for erroneous attempts lower than what it is today, there are always mobiles left on in airplanes. In the example calculations the values 0 and 24 dB are used for GSM and UMTS respectively, these could be reduced by 4 or 5 dB and still a significant level of terrestrial network protection is achieved.

Looking at the numbers and considering all the worst-case events that have to occur simultaneously to produce interference levels of significance; it is believed that there will be possible to get a positive decision to allow GSM in aircraft under certain conditions such as maximum power levels, minimum operational altitudes etc.

APPENDIX 1

Calculation of the radiation from the radiating cable

[image: image7.wmf]Table 5: ac-BTS  to g-MS (large aircraft installation)

Frequency (MHz)

1800

Aircraft height (m)

3000

5000

10000

Max signal received from ground by onboard mobile (dBm)

-86,7

-90,5

-95,3

Required S/N at ac-MS (dB)

9

9

9

Fading margin (dB)

15

15

15

Required ac-BTS signal at ac-MS (dBm)

-62,7

-66,5

-71,3

Coupling-loss mobile - radiating cable (2 m) (dB)

69,0

69,0

69,0

Attenuation half-cabin (25m) length (central feed) (dB)

4,0

4,0

4,0

Required Radiating cable input (per segment of 25m) (dBm)

10,3

6,5

1,7

Mean power in whole cable (dual 50m) (dBm)

8,3

4,5

-0,3

Maximum received interference in g-MS right below (dBm)

-121,3

-129,5

-140,3

g-MS thermal noise + receiver noise (dBm)

-114,0

-114,0

-114,0

Increase in noise floor: (dB)

0,7

0,1

0,0

In line with the GERAN input paper GP-052233 and its reference : S.P. Morgan, “Prediction of Indoor Wireless Coverage by Leaky Coaxial Cable Using Ray Tracing,” IEEE Trans Veh. Tech., vol. 48(6), pp. 2005-2014, Nov. 1999, the coupling loss for close-range and long-range calculation are given as:



Total loss (close-range propagation)

[image: image8.wmf]Table 6: UMTS: g-nodeB to ac-MS:

Frequency (MHz)

900

1800

2000

Aircraft height (m)

3000

5000

10000

3000

5000

10000

3000

5000

10000

G-NodeB EIRP

33,0

33,0

33,0

33,0

33,0

33,0

33,0

33,0

33,0

Aircraft attenuation

10,0

10,0

10,0

10,0

10,0

10,0

10,0

10,0

10,0

Minimum loss G-NodeB - aircraft position inclusive antenna

111,5

115,7

121,4

119,7

123,5

128,3

120,6

124,4

129,2

Max signal received from ground by onboard mobile

-88,5

-92,7

-98,4

-96,7

-100,5

-105,3

-97,6

-101,4

-106,2

CRFMU to g-UE:

LARGE AIRCRAFT installation:

C/N ratio for shielding

24,0

24,0

24,0

24,0

24,0

24,0

24,0

24,0

24,0

Fading margin

10,0

10,0

10,0

10,0

10,0

10,0

10,0

10,0

10,0

Required CRFMU signal at ac-MS

-54,5

-58,7

-64,4

-62,7

-66,5

-71,3

-63,6

-67,4

-72,2

Coupling-loss mobile - radiating cable (2 m)

68,0

68,0

68,0

69,0

69,0

69,0

68,0

68,0

68,0

Attenuation half-cable length (central feed)

3,0

3,0

3,0

4,0

4,0

4,0

4,5

4,5

4,5

Required Radiating cable input (per segment)

16,5

12,3

6,6

10,3

6,5

1,7

8,9

5,1

0,3

Mean power in whole cable

15,0

10,8

5,1

8,3

4,5

-0,3

6,7

2,8

-1,9

Maximum received noise in g-MS right below:

-113,6

-122,2

-133,9

-121,3

-129,5

-140,3

-121,9

-130,2

-141,0

g-MS thermal noise + receiver noise

-101,0

-101,0

-101,0

-101,0

-101,0

-101,0

-101,0

-101,0

-101,0

Increase in noise floor:

0,2

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

and


Total loss (long-range propagation)

In addition the installation design with four 25 m segments and cable loss are taken into account in the following way:

· when calculating the coupling to in-cabin mobiles, the position close to the far end of a cable segment is used, i.e. 25 m of cable loss is included in the calculation of signal levels. The distance D is 2 m, and the manufacturer specified value of coupling loss is used

· when calculating the coupling to the distant mobile on ground, the power value half-way through the 25 m segment is used over the total length of L=100 m cable and D0 = 2m
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� AeroMobile is a Joint Venture of ARINC and TELENOR


� Patents pending


� UMTS –the power on CIPCH





[image: image11.wmf]Table 2: ac-MS to g-BTS

Frequency (MHz)

1800

Aircraft height (m)

3000

5000

10000

ac-MS EIRP (dBm)

0

0

0

Max interference received by g-BTS (dBm)

-129,7

-133,5

-138,3

g-BTS thermal noise + receiver noise (dBm)

-117,0

-117,0

-117,0

Increase in noise floor:  (dB)

0,2

0,1

0,0

[image: image12.wmf]Table 3: ac-MS to ac-BTS (large aircraft installation)

Frequency (MHz)

1800

Aircraft height (m)

3000

5000

10000

ac-MS EIRP (dBm)

0

0

0

Fading margin (dB)

15,0

15,0

15,0

Coupling-loss mobile - radiating cable (2 m) (dB)

69,0

69,0

69,0

Attenuation half-cabin (25m) length (central feed) (dB)

4,0

4,0

4,0

Received level at cable output to ac-BTS from ac-MS (dBm)

-88,0

-88,0

-88,0

Ground MS maximum power (dBm)

30,0

30,0

30,0

Loss between ground MS and radiating cable of 100m length (dB)

127,6

132,0

138,0

Received level at cable output to ac-BTS from g-MS (dBm)

-97,6

-102,0

-108,0

C/N at ac-BTS (dB)

9,6

14,0

20,0
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