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1. Introduction

At the GERAN#22 meeting, an input from ETSI MSG “LS on considerations to avoid interference for terrestrial networks for onboard GSM networks” asked for guidance on acceptable interference from onboard GSM networks. An initial reply was given in GERAN LS [GP-042605->GP-042906]. The input LS was accompanied by the Tdoc (SITA.Inc/ OnAir; Telenor/ARINC) “Acceptable levels of non-harmful interference from the use of GSM onboard aircraft”: FFS [GP-042602].
GSM WP2 TD 27/88 Nurnberg September 1988 (scanned paper by Telia from original source UK) analysed the possibility to use GSM onboard aircraft. However, the MS minimum output power setting was at that time too high (13 dBm) to allow MS onboard found interfering too strongly with the terrestrial GSM Networks, as a Boeing B747 fuselage effective attenuation was considered 2 dB for GSM900 (mainly carbon fibre transparent for 1 GHz and windows acting as phased array). 
2. Path loss & BTS antenna gain

TeliaSonera has performed Line-of-Sight (LOS) slant range calculations for an aircraft flying at altitudes 3000 m and 10000 m straight over a BTS with the antenna patterns and tilting used by TeliaSonera for their live GSM900 & GSM1800 Networks, see GP-050285:
GSM900   PathLoss(PL) & GainBTS(GB): PL-GB>=   97 dB @ 3000m and >= 107 dB @10000m.

GSM1800 PathLoss(PL) & GainBTS(GB): PL-GB>= 107 dB @ 3000m and >= 118 dB @10000m.

3. Aircraft max EIRP
Aircraft->BTS Rx GSM900
BTS antenna port noise figure F = 4 dB including feeders and Tower Mast Amplifier (TMA).

BTS noise bandwidth (GSM) B = 53 dBHz as taking the channel spacing 200 kHz.

BTS noise level will therefore be N = F+B-174 = -117 dBm typical for TeliaSonera GSM900.

BTS sensitivity degradation 3 dB implies interference level I = N = -117 dBm/200kHz.

BTS Rx band for a single interferer can therefore accept aircraft max EIRP = 97-117= -20 dBm/200kHz in this case at flight altitude 3000 m and GSM900 accepting sensitivity degradation 3 dB per aircraft.

Aircraft->MS Rx GSM900
LOS = 32 + 20*log f(GHz) + 20*log d(m) = 102 dB, frequency f=0.9 GHz and distance d=3000 m.

CEPT Rec T/R 20-08 E “Frequency Planning and Frequency Coordination for the GSM System” recommends trigger limit field strength = 19 dBuV/m corresponding to an isotropic power = 19-137 = -118 dBm, cf. GSM03.30 Annex A.1 link budget example.

MS Rx band can therefore accept aircraft max EIRP = 102-118= -16 dBm/200kHz in this case at flight altitude 3000 m and GSM900 accepting CEPT Rec T/R 20-08 E for border co-ordination.  

MS manufacturers are invited to comment whether these limits are valid for SAIC capable terminals as well.
Aircraft->BTS Rx GSM1800
BTS antenna port noise figure F = 4 dB including feeders and Tower Mast Amplifier (TMA).
BTS noise bandwidth (GSM) B = 53 dBHz as taking the channel spacing 200 kHz.
BTS noise level will therefore be N = F+B-174 = -117 dBm typical for TeliaSonera GSM1800.

BTS sensitivity degradation 3 dB implies interference level I = N = -117 dBm/200kHz.
BTS Rx band for a single interferer can therefore accept aircraft max EIRP = 107-117= -10 dBm/200kHz in this case at flight altitude 3000 m and GSM1800 accepting sensitivity degradation 3 dB per aircraft. For 10000 m the max EIRP for a single interferer would be 118 – 117 = +1 dBm/200 kHz.
Aircraft->MS Rx GSM1800
LOS = 32 + 20*log f(GHz) + 20*log d(m) = 108 dB, frequency f=1.8 GHz and distance d=3000 m.

CEPT Rec T/R 22-07 E “Frequency bands, planning and co-ordination for systems using the DCS 1800 standards” recommends trigger limit field strength = 25 dBuV/m corresponding to an isotropic power = 25-143 = -118 dBm, cf. GSM03.30 Annex A.3 link budget example.

MS Rx band can therefore accept aircraft max EIRP = 108-118= -10 dBm/200kHz in this case at flight altitude 3000 m and GSM1800 accepting CEPT Rec T/R 22-07 E for border co-ordination.  
MS manufacturers are invited to comment whether these limits are valid for SAIC capable terminals as well.
4. Conclusion

GSM05.05 is specifying MS minimum output power control setting step of 5+-6 dBm for GSM900 and 0+-6 dBm for GSM1800. The lower minimum output power and higher coupling loss at 1800 MHz make a system at 1800 MHz more attractive than one at 900 MHz. This document does not analyse the link requirements within the aircraft, but assumes terminals communicating with the onboard system always use the lowest terminal output power.
GSM03.30 Annex A.3 is showing handheld MS with typical MEG = -6 dBi, worst case = -3 dBi, giving the worst case EIRP = 6-3-2= 1 dBm/200kHz, if fuselage effective attenuation from the 1988 document is considered correct: 2 dB.  This must be the case seen by the operators if the aircraft fuselage EIRP or antenna pattern is not measured for the actual GSM frequency bands and prohibits usage of GSM onboard that aircraft.
Current information is that onboard systems would be using 5 frequencies. It is also likely, especially around airports, including holding pattern regions that multiple aircraft interfere with a BTS. A Multiple Interferer Margin of 7 dB is suggested.
In summary the interference from on board MS transmitting at minimum output power at 1800 MHz is up to 18 dB too high at 3000m, and up to 7 dB too high at 10000 m, when onboard system and terrestrial networks use the same frequencies, and the fuselage attenuation cannot be increased.
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