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GSM onboard aircrafts : NCU System Description

1 Introduction

This document is a refined version of the contribution that has been provided by Airbus and Siemens to the last ECC PT SE 7 drafting session on GSM onboard aircrafts [1] and is provided for information to GERAN. 

This contribution provides information concerning the On Board Control Equipment (OBCE) currently known in SE7 as Network Control Unit (NCU). It gives further explanation of the noise generation and characteristics in the used control bands. Furthermore the functionality of the NCU as part of the GSM on board system will be explained. 

2 General Description

The NCU controls the signal transmission of in-flight mobile phones by generating a suitable noise floor in the aircraft cabin. In order to allow connectivity on board the aircraft the NCU ensures that a) in-flight mobile phones do not transmit without control of the GSM on board system and b) that in-flight mobile phones do not roaming onto terrestrial mobile phone networks. 

The power level of the control signal is dependent on the aircraft altitude and geographical position. That means that the NCU will decrease the power level with increased flight altitude and vice versa. In order to ensure the correct level for the control signal the NCU will calculate the absolute height above ground, depending on the aircraft position and regulation for each country over flown. The NCU is only active above 10,000ft / 3,000m. Hence the NCU is NOT active below 10.000ft /3,000 m, during take off, landing or on the ground. 

The power level needed for each control band can be dynamically modified via a configuration database, which is implemented in the NCU itself and the GSM onboard server. In several OnAir
 contributions, which reflect Airbus measurement campaigns, signal levels received from GSM terrestrial networks at 10.000ft have been presented.  These levels may be used to configure the power for the respective frequency bands controlled by the NCU. Table 1 shows the frequency ranges for control signals.

	Band
	Frequency Range 
(MHz)
	Deployed 
Technologies

	1
	925 – 960
	GSM 900

	2
	1805 – 1880
	DCS1800

	3
	2110 – 2170
	WCDMA


Table 1: NCU control bands

3 On Board limits on the Emission of Radio Frequency Energy  

For all airborne equipment the DO-160D
 defines a series of minimum standard environmental test conditions and applicable test procedures. The purpose of these tests is to determine that the equipment does not emit undesired RF noise in excess of the levels specified in the measurement instructions. The NCU must be tested, except in band of the wanted control bands, according to category M requirements. This category is defined for equipment and interconnected wiring located in areas where apertures are EM significant and not directly in view of radio receiver’s antenna. This category is suitable for equipment and associated interconnecting wiring located in the passenger cabin or in the cockpit of a transport aircraft. Figure 1 shows the limit lines for category M and H. Category H is defined for equipment located in areas, which are in direct view of radio receiver’s antenna. This category is typically applicable for equipment located outside the aircraft.
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Figure 1: Limit line for emission of radio frequency energy according to category M and H

It is required that the wanted NCU emissions (in-band) follows a dedicated value according to transmit the suitable noise floor. For the out of band characteristic the DO160 requirements described above have to be complied with. The characteristic at the band edge is defined from the requirements in 3GPP TS 51.021. 

4 Emission limits for GSM Systems 

4.1.1 Conducted spurious emissions from the transmitter antenna connector, outside the BTS transmit band (From 3GPP TS 51.021)

The following spurious emission limits shall apply to the antenna connector of BTS and also of NCU:

Spurious emission limits in GSM and UTRAN bands (other than own band), measurement bandwidth 100 kHz, average:

· -47 dBm at 1805 – 1880 MHz

· -57 dBm at 925 – 960 MHz

· -62 dBm at 1900 – 1980 MHz, 2010 – 2025 MHz, 2110 – 2170 MHz

Note the values quoted in 3GPP refer to the values at a ground level, consideration must also be taken into account that the aircraft will be operating above 3,000 m from the ground. 

Spurious emission limits outside GSM and UTRAN bands, peak hold measurement, and bandwidth as indicated in the table below:

· -36 dBm at ≤ 1 GHz

· -30 dBm at > 1 GHz

	Frequency Band 
	Frequency offset 
	Resolution Bandwidth 

	100 kHz - 50 MHz 
	
	10 kHz 

	50 MHz – 500 MHz and outside the 
	(offset from the edge of the relevant 
	

	relevant transmit band 
	transmit band) 
	

	
	≥2 MHz 
	30 kHz 

	
	≥ 5 MHz
	100 kHz 

	500 MHz – 12,75 GHz and outside 
	(offset from the edge of the relevant 
	

	the relevant transmit band 
	transmit band) 
	

	
	≥2 MHz 
	30 kHz 

	
	≥5 MHz 
	100 kHz 

	
	≥10 MHz 
	300 kHz 

	
	≥20 MHz 
	1 MHz 

	
	≥30 MHz 
	3 MHz 


Description of Noise Generation 

The noise constitutes of band limited white noise. 

5 Signal and Spectrum Characteristics

5.1 Measurement results for a NCU Prototype

Measurements were carried out for a NCU prototype operating in the GSM900, GSM1800 and UMTS2100 downlink frequency bands. 
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Figure 2: GSM 900 output spectrum narrow band
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Figure 3: GSM 900 output spectrum
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Figure 4: GSM 900 output spectrum wideband
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Figure 5: GSM 1800 output spectrum narrow band
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Figure 6: GSM 1800 output spectrum
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Figure 7: GSM 1800 output spectrum wideband
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Figure 8: UMTS output spectrum narrow band
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Figure 9: UMTS output spectrum
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Figure 10: UMTS output spectrum wide band

5.2 Comments on measurement results

The output spectrum is measured with narrow, middle and wideband span. 

The emitted power of the NCU prototype in the control bands was set to 0dBm per 200 kHz equal to the GSM channel bandwidth. Note that the drawn “noise floor” of about -70dBm in the wideband measurements is NOT the physical noise floor. This limit is through the dynamic range limitation of the spectrum analyzer and can be reduced with appropriate Notch filters in the measurement setup. 

Note the measurements made are quoted inside the aircraft, consideration must be taken into account that the aircraft will be operating above 3,000 m from the ground and an additional path loss will be encountered (101, 107 and 108 dB attenuation at 3,000 metres for 900, 1800 and 2100 MHz respectively. 

References
[1]  SE7(05)171, “NCU System Description”, source: Airbus/Siemens, Drafting CEPT ECC PT SE 7 Session on GSM onboard aircrafts, Geneva, 26-27 October 2005







� e.g. SE7(05)073, SE7(05)040


� In addition the NCU has provisions for other frequency bands


� DO-160D Chapter 21
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