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1. Introduction

ECC WG RA and SE are now considering the use of GSM on board aircrafts equipped with dedicated pico-BS. To that end, ETSI MSG has asked GERAN and RAN4 for comments (see [R4-050072]). At GERAN#23 a reply “LS on status of work related to use of GSM on board aircraft” [GP-050593/R4-050073] was sent to ETSI MSG and copied to RAN4. ECC WG RA and SE aim at completing their work on the issue in June 2005.

The idea is to provide GSM services to passengers by means of a pico-BS and a satellite backhaul solution. To prevent the onboard GSM terminals to access the terrestrial network an onboard selective jammer will block the entire GSM MS receive except (perhaps) for a few channels intended for the onboard communication.  In practice, for multi-mode terminals the jammer must in addition block all the other terminal receive bands. Hence the jammer may obviously interfere with several different types of terrestrial networks including UMTS.

In response to the LS RAN4 could perhaps:

· give guidance on the maximum tolerable interference from the jammer into terrestrial UEs;

· determine the receive levels from terrestrial Node B likely at the aircraft fuselage, which should enable calculations on the needed level of onboard interferer to ensure that terminals do not receive terrestrial networks.
Another interference scenario is an onboard GSM1800 terminal interfering with the terrestrial network in an area where UMTS is deployed at 1800 MHz. 

This contribution is a first stab at determining the maximum tolerable EIRP from onboard transmitters in the GSM and UMTS bands as well as the likely receive levels from Node Bs at the aircraft fuselage.
We generally consider interference from a single onboard transmitter/terminal into terrestrial networks, assuming a line-of-sight path. In practice, a multiple interference scenario is probable, and the implications will be discussed briefly below. This needs further study, but the single interference case will anyhow give an indication. 
Finally, it is noted that the issue is not new: GSM WP2 TD 27/88 Nürnberg September 1988 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 with non-harmful ground interference achieved for onboard MS EIRP below -24 dBm/200kHz). 

2. Path loss & BTS/BS antenna gain

First the coupling loss is computed. 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/BS with the antenna patterns and tilting used by TeliaSonera for their live GSM900, GSM1800 and UMTS Networks, see attached Excel files:

GSM900: PL-GB>=   97 dB @ 3000m and >= 107 dB @10000m.

GSM1800: PL-GB>= 107 dB @ 3000m and >= 118 dB @10000m.

UMTS: PL-GB>= 107 dB @ 3000m and >= 116 dB @10000m.

with PL the pathloss (Line-of-Sight LOS) and GB the base station antenna gain. The figures do not include the attenuation by the fuselage.

3. Aircraft max EIRP

Next the maximum equivalent EIRP for a transmitter within a channel (200 kHz or 3.84 MHz) is computed. It is assumed that the tolerable sensitivity degradation in the victim receiver is 1 dB and that the aircraft system is the only source of interference. The level of interference must then be at least 6 dB below the receiver noise floor. 
GSM
Aircraft->Terrestrial BTS Rx GSM900
To determine the noise floor we assume a BTS antenna connector noise figure NF= 4 dB including feeders and Tower Mast Amplifier (TMA). The BTS noise bandwidth (GSM) is B = 53 dBHz using the channel spacing 200 kHz, which therefore implies a BTS noise level N = NF+B-174 = -117 dBm typical for TeliaSonera GSM900. The tolerable BTS sensitivity degradation 1 dB then implies a maximum tolerable interference level I = N - 6 = -123 dBm/200kHz.

The BTS Rx GSM900 band can therefore accept an aircraft max EIRP = 97 - 123 = -26 dBm/200kHz for a single interferer (MIM=0 dB) at flight altitude 3000 m and accepting sensitivity degradation 1 dB per aircraft. The “Multiple Interferers Margin” MIM is FFS as discussed in the conclusions.

In the other direction, a BTS Tx GSM900 output power = 39 dBm/200kHz at antenna connector yields max isotropic received input level outside aircraft fuselage RIL = 39 - 97 = -58 dBm/200kHz. RIL is given for information for the jamming of concealing terrestrial GSM to make attach onboard the aircraft. 

Aircraft-> Terrestrial MS Rx GSM900
For the terrestrial MS, we assume an isotropic (idealised 0 dBi) antenna. Including this MS antenna gain, we obtain the attenuation LOS = 32 + 20*log f(GHz) + 20*log d(m) = 102 dB, at f=0.9 GHz and a distance d=3000 m.

An MS Rx NF = 7 dB gives noise N = -114 dBm and interference I = N-6 = -120 dBm/200kHz cf. BTS.  Therefore, the MS Rx GSM900 band can accept an aircraft max EIRP = 102 – 120 = -18 dBm/200kHz (MIM=0 dB) at flight altitude 3000 m assuming a sensitivity degradation 1 dB per aircraft. 

In the other direction, a MS Tx GSM900 EIRP = 33 dBm/200kHz yields max isotropic received input level outside aircraft fuselage RIL = 33 - 108 = -75 dBm/200kHz. RIL is given for the GSM onboard aircraft. 

In fact, the combined results for the Tx and Rx bands show that it will be difficult to conceal the GSM900 network. Assuming a 2 dB fuselage attenuation, the maximum jammer EIRP for any channel is -18+2 dBm/200kHz. The interference level received by an onboard MS must be at least -58-2-9 dBm/200kHz, where 9 dB is the minimum C/I requirement for Speech. In order to conceal the ground network, the path loss between the jammer and the onboard MS should therefore not be greater than -16 dBm – (-69 dBm) = 51 dB (< 10 m in LOS at 900 MHz) not accounting for measurement uncertainties and MIM.  

Aircraft-> Terrestrial BTS Rx GSM1800
Just as for GSM900, the maximum interference level is -123 dBm/200kHz. The maximum EIRP for the BTS Rx GSM1800 band is  therefore 107 -123 = -16 dBm/200kHz (MIM=0 dB) at flight altitude 3000 m and accepting sensitivity degradation 1 dB per aircraft. 

A BTS Tx GSM1800 output power = 39 dBm/200kHz at antenna connector yields max isotropic received input level outside aircraft fuselage RIL = 39 - 107 = -68 dBm/200kHz. 

Aircraft-> Terrestrial MS Rx GSM1800
With the same assumptions as for the MS Rx band at 900 MHz, LOS = 32 + 20*log f(GHz) + 20*log d(m) = 108 dB at f=1.8 GHz and a distance d=3000 m.

The maximum interference in the MS Rx band  is -120 dBm/200kHz as above. The MS Rx GSM1800 band can accept an aircraft max EIRP = 108 – 120 = -12 dBm/200kHz (MIM=0 dB) at flight altitude 3000 m at sensitivity degradation 1 dB per aircraft. 

A MS Tx GSM1800 EIRP = 30 dBm/200kHz yields max isotropic received input level outside aircraft fuselage RIL = 30 - 108 = -78 dBm/200kHz. 

UMTS
Next we repeat the exercise but now for UMTS.

Aircraft-> Terrestrial BS Rx UMTS
Just as for GSM, we assume a BS antenna connector noise figure NF = 4 dB including feeders and Tower Mast Amplifier (TMA). The BS noise bandwidth (UMTS) is B = 66 dBHz with noise bandwidth of 3.84 MHz at 5 MHz spacing. The noise level will therefore be N = NF+B-174 = -104 dBm/3.84MHz typical for TeliaSonera, and a BS sensitivity degradation 1 dB implies an interference level I = N - 6 = -110 dBm/3.84MHz FDD.

The BS Rx UMTS FDD band can therefore accept an aircraft max EIRP = 107 - 110 = -3 dBm/3.84MHz for a single interferer (MIM=0 dB) at flight altitude 3000 m and accepting sensitivity degradation 1 dB per aircraft. 

A BS Tx UMTS total output power = 39 dBm/3.84MHz at antenna connector yields max isotropic received input level outside aircraft fuselage RIL = 39 - 107 = -68 dBm/3.84MHz. RIL is given for information for the jamming of concealing terrestrial UMTS to make attach onboard the aircraft. 

Aircraft-> Terrestrial UE Rx UMTS
With a 0 dBi UE antenna we obtain LOS = 32 + 20*log f(GHz) + 20*log d(m) = 108 dB at  f= 2 GHz and a distance d= 3000 m.

A UE Rx NF = 7 dB gives noise N = -101 dBm and interference I = N-6 = -107 dBm/3.84MHz cf. BS.  Therefore the UE Rx UMTS FDD band can accept aircraft max EIRP = 108 - 107= 1 dBm/3.84MHz (MIM=0 dB) at flight altitude 3000 m at sensitivity degradation 1 dB per aircraft. 

A UE Tx UMTS total EIRP = 24 dBm/3.84MHz yields max isotropic received input level outside aircraft fuselage RIL = 24 - 108 = -84 dBm/3.84MHz. RIL is given for the UMTS onboard aircraft. 

4. Conclusions
The results are summarised in the following table (flight altitude 3000 m):

	Terrestrial system
	GSM900 BTS Rx
	GSM900 MS Rx
	GSM1800 BTS Rx
	GSM1800 MS Rx
	UMTS BS Rx
	UMTS UE Rx

	kTB/dBm
	-121
	-121
	-121
	-121
	-108
	-108

	F/dB
	4
	7
	4
	7
	4
	7

	N/dBm
	-117
	-114
	-117
	-114
	-104
	-101

	I/dBm
	-123
	-120
	-123
	-120
	-110
	-107

	Min PL/dB
	97
	102
	107
	108
	107
	108

	Max aircraft EIRP/dBm
	-26
	-18
	-16
	-12
	-3
	-1


3GPP TS 45.005 is specifying MS minimum output power control setting step of 5+-6 dBm for GSM900 and 0+-6 dBm for GSM1800 to be set in the system onboard aircraft. 3GPP TS 25.101 is specifying FDD UE output power control range. This document does not analyse the link requirements within the aircraft, but assumes terminals communicating with the onboard system always use the lowest output power for GSM and low enough for UMTS complying max EIRP.

Impact of multiple interferers

It is likely, especially around airports, including holding pattern regions that multiple aircraft MS/UE interfere with a BTS/BS. “Multiple Interferers Margin” MIM = 7 dB was suggested for GSM, cf. GP-050385 and proposed new WI within CEPT in “Proposed new Work Item on the compatibility between GSM equipment on board aircraft and terrestrial networks” Doc. ECC/SE(05)Temp04.
In summary taking care of MIM = 7 dB a GSM900 MS Aircraft max EIRP = -26 - 7 = -33 dBm/200kHz, GSM1800 MS Aircraft max EIRP = -16 - 7 = -23 dBm/200kHz and UMTS FDD UE Aircraft max EIRP = -3 - 7 = -10 dBm/3.84MHz, when onboard system and terrestrial networks use the same carrier frequencies. The aircraft fuselage EIRP or antenna pattern should be measured for the actual GSM & UMTS frequency bands and declared for the claiming operators.

The onboard aircraft communication system “jamming” and pico-BTS expecting MIM = 7 dB at terrestrial MS/UE shall transmit GSM900 BTS Aircraft max EIRP = -18 - 7 = -25 dBm/200kHz, GSM1800 BTS Aircraft max EIRP = -12 - 7 = -19 dBm/200kHz and UMTS FDD UE Aircraft max EIRP = 1 - 7 = -6 dBm/3.84MHz. 
.

