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1. Introduction

There are a number of companies worldwide investigating the possibility of offering GSM service onboard aircraft. The service is to operate whilst the aircraft is in the top its of ascent and descent phases, as well as in cruise (i.e. above a minimum of 3,000 metres); support an RF environment within the aircraft safety requirement parameters; and operate within acceptable limits of interference to terrestrial networks.  The purpose of this paper is to 

· Provide a brief description of the system proposed

· Suggest figures that constitute acceptable limits of interference for terrestrial UMTS UEs

· Request input from RAN 4 on other areas that require consideration covering WCDMA access

The outcome would be used to provide feedback to the MSG group and will be used as input into the European telecommunication groups CEPT/ECC, CEPT/ECC/WG SE, CEPT/ECC/WG RA and CEPT/ECC/WG FM (see LS from MSG January 2005, R4-050072). 

It should also be noted that GERAN has been studying this for the GSM access issues (see LSs from GERAN January 29th 2005 R4-050073).

2. Description of proposed system 

The GSM on board system will provide a roaming service allowing passengers to use their own GSM / GPRS phones on board aircraft as they do for roaming on the ground today. 
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The service is to be supported for both long and short haul aircraft, when the aircraft is at the top of ascent and descent as well as cruising phases (i.e. above 3,000 metres). It is not intended that the service be in use when the aircraft is in critical phases of flight, and on the ground.
The system will provide GSM voice, SMS and GPRS terrestrial connectivity from an aircraft. The airborne component will consist of a GSM pico network, an electromagnetic screening mechanism (called the Onboard Control Equipment (OBCE)) and the passengers’ mobiles, (see figure above). 

The OBCE effectively screens out all relevant terrestrial networks. This electromagnetic screening mechanism is required to screen all cellular technologies and associated frequency bands of the region the aircraft is flying in. The GSM pico network provides GSM and GPRS connectivity to the ground. 

The on-board base station will interface to a satellite link to provide connectivity between the aircraft and terrestrial networks. The satellite link is completely separate to the GSM picocell onboard the aircraft and will use a different frequency band (S, L, or Ku band).
The GSM Pico network would have the following characteristics:

· Support of standard GSM and GPRS services.

· Low spectrum usage (up to 5 GSM 200 KHz carriers).

· Uses 1800 MHz spectrum band over Europe (and some parts of Asia), 1900 MHz over the US (and some parts of Asia)

· Standard GSM carrier transmits over the top of the on board control noise floor

· Low power system  (to support min 9 dB above control equipment transmission).

The on board network control equipment would have the following characteristics:

· Dedicated Minimal power to screen terrestrial networks inside the aircraft and only used at altitude 

· The power level will be reduced with increased attenuation because of the decreased signal reception level from terrestrial networks 

· Covers entire GSM and UMTS downlink bands 

· In Europe (and some parts of Asia) this has identified GSM 900 (921-960MHz), GSM 1,800 (1,805-1880) and UMTS 2,000 MHz bands (2,110-2,170).  

· In the US (and some parts of Asia) this would cover GSM 850 (869 MHz to 894 MHz), GSM 1,900 (1,930 MHz to 1,990 MHz) and UMTS MHz bands (1,930 MHz to 1,990 MHz)

· Downlink (BTS/Node B to Mobile) direction only.
· The on board control equipment will use noise at a minimum power value (value dependent on frequency used and altitude).
The control equipment, by definition, effects only the downlink direction (i.e. from the BTS/Node B to the mobile).  Hence receive sensitivities for the screening component limitations should be based on terminal capabilities, not BTS/Node B receiver strengths.

The on-board mobiles in use will have the follow characteristic:

· The mobile will only use GSM access in the 1,800/1,900 MHz bands for communication.

· The mobile transmission (uplink) power is reduced to the minimum possible power level, i.e. 0 dBm.

3. Discussion on acceptable interference values
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Within GERAN there has been much discussion on what point of reference is required to understand the acceptable interference to the system. In order to avoid complex dependencies between the gain of the antenna the angle of incidence of the main lobe of the antenna and the effective path loss of the signal from the aircraft, GERAN has decided to use the output port of the antenna as the noise floor reference point. Furthermore GERAN has taken the following approach to arrive at its current working assumption 

The theoretical absolute minimal noise in a receiver is constituted by thermal noise only, given as:

Pn = k T B 

where Pn is the noise power (in watts), T is the temperature (in Kelvin), B is the (noise) bandwidth of the receiver and k is the Boltzmann constant (1,38x10-23 joule/K).

For a GSM system of 200 KHz channel this reaches an absolute value of –121dBm (where T = 293K) for the absolute ambient noise floor. The GERAN group has agreed to add a 4 dB noise figure to this value, including attenuation from cables and inter-connectors between the antenna and the receiver input port, thus giving a value of  -117dBm/200 KHz for the BTS, A similar value has been presented for the mobile station. 

Taking a similar approach to UMTS where B = 3.84 MHz, this provides an absolute value of –108 dBm/3.84 MHz (–174 dBm/Hz). Assuming the same attenuation as GERAN of 4 dB, this provides a value of –104dBm/3.84 MHz. 

However given the characteristics of a CDMA system, the system gain factor also needs to be added. For WCDMA we understand that the value of 16 dB is the practical gain achievable for the terminal.  This results in an effective noise floor at the UE antenna port of: -120 dBm/3.84 MHz (–186 dBm/Hz).  By way of comparison TS 25.101v 6.6.0 provides a reference figure of –117 dBm/3.84 MHz for the DPCH.

Assuming a permitted 1dB additional noise factor this would suggest that the airborne system cannot provide an additional terrestrial noise greater than -126 dBm/3.84 MHz (–192 dBm/Hz) in the downlink direction, so as to be harmless to UEs on the ground.

Due to the nature of a WCDMA system, any emission from an on-board system will give an additional noise on the receiver input on the UE.  This noise floor value can be calculated relative to the thermal noise on the input in order to define a desensitization of the terrestrial UE receiver antenna value, i.e. the regression factor: 


Re [dB]  =  10 * log ( 1 +  P combined noise[mW]  /  Ptherm[mW])

Using the values of –108 dBm/3.84 MHz Hz  thermal noise floor and the total –119 dBm/3.84 MHz  combined  interference  for a terrestrial UE receiver, with 3.84MHz bandwidth would introduce a regression factor  < 0.33 dB for a WCDMA system.  This regression factor is proposed as an acceptable threshold for a single terrestrial UE.

It is noted that this worst case scenario is only applicable for the lowest possible altitude at which an aircraft can operate when the system is switched on, i.e. after at the top of ascent and the top of descent, before landing.  This will occur only over a short period of time as the aircraft moves from the usual cruise altitude (commonly cruise altitude is over 5000m). 

4. Which UMTS bands to control 

For the system to operate safely,. The system must remove visibility of external cellular networks from those terminals located in the aircraft. This includes the controlling of the UMTS bands where they are located on the ground.

Currently 3GPP RAN has defined the UTRAN access system for a number of frequency bands. The chart below is taken from 3GPP TS 25.101v 6.6.0

Table 5.0: UTRA FDD frequency bands 

	Operating Band
	UL Frequencies

UE transmit, Node B receive
	DL frequencies

UE receive, Node B transmit

	I
	1920 – 1980 MHz
	2110 –2170 MHz

	II
	1850 –1910 MHz
	1930 –1990 MHz

	III
	1710-1785 MHz
	1805-1880 MHz

	IV
	1710-1755 MHz
	2110-2155 MHz

	V
	824 – 849 MHz
	869-894 MHz

	VI
	830-840 MHz
	875-885 MHz


Note as the system is only intending to control the network then only the downlink bands are considered

This raises a number of questions: which other bands are currently being investigated and when is it foreseen that equipment will be commercially avialable for these bands ?

Secondly, what are the requirements in systems  (guard bands, agreed power levels etc) which support GERAN and RAN in the same frequency bands, such as the 850/900 and 1800/1900 MHz bands ?

Finally, given that there are developments in GERAN (i.e. Downlink Antenna Receiver Performance enhancement work) which improve the terminal’s tolerance to noise is there similar work occurring in RAN which could have a similar impact on the GSM on the aircraft system?
5. Conclusion

This contribution proposes values for the limits of acceptable interference from the GSM on the aircraft system to a terrestrial UMTS system equivalent to a regression factor of a < 0.33 dB for a WCDMA system   In other words, the airborne system cannot provide additional terrestrial noise greater than -126 dBm/3.84 MHz (–192 dBm/Hz) in the downlink direction for WCDMA access.

Annex A Recorded flight UMTS test receive signal strengths  
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Measurement carried out by Airbus RX levels vs. altitude over all received values for the common pilot channel
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