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Summary

This paper discusses the appropriateness of existing protection requirements for Aeronautical Systems operating below 10 GHz. 

1. 
Introduction
Ultra Wideband systems by the very nature of the way that they operate, produce a signal in the frequency domain that occupies a large spread of radio spectrum.  The number of services for which compatibility assessments have to be performed is therefore considerable.  

This paper focuses on the available information for Aeronautical systems with respect to  aeronautical system requirements and whether  this information should be used as a basis for assessing the protection requirements of the relevant aviation systems against Ultra Wideband systems.

2. DISCUSSION

Aeronautical systems have traditionally been planned in exclusive bands where aviation has, in general, been both the victim and interferer.  The only sources of interference therefore considered when developing planning criteria have been intra system (ILS vs ILS), inter system from another aeronautical system (ILS vs VOR) and in exceptional cases interference such as that from FM broadcasting to VOR/ILS/VHF COM.  Appendix A give a summary of the intra system protection criteria for some aeronautical systems operating below 10GHz.  In addition Appendix B extracts  relevant information on aeronautical systems from current ITU documentation .  Care has to be taken when using information on the specification for primary radar systems since no global standards exist and there may be variances between different implementations.   

The increasing pressure on spectrum, including aeronautical, from traditional radio systems such as mobile satellite services, new radio systems including Ultra Wideband and radiation from cable systems has led to a need for inter system protection criteria.  Initially within aviation it was felt that the intra system protection criteria could be used provided that margins were added to the protection criteria to cover multiple sources of interference and operational variances.  

Recent practical measurements carried out to investigate the likely effect of interference from sources such as cable TV and Wireless Cameras  on aeronautical systems has shown that the level of interference protection required by the aviation systems can vary significantly dependant on the type of modulation used by the potential interferer and the function of the aeronautical system.

The only practical work that has been carried out to investigate the potential for interference caused by Ultra Wideband devices to aeronautical systems has been undertaken by NTIA and NASA.  This testing however was conducted using pre FCC ruling Ultra Wideband equipment which may or may not conform to the final ruling. Until further testing has been undertaken by the Ultra Wideband community on aeronautical systems it is not possible to reach conclusions on the required protection levels.

3.
CONCLUSION 

Recent work has demonstrated that the level of protection required by aviation systems from a potential interferer is dependant on the modulation used by the interferer.  The only practical work that has been carried out to date needs a number of issues clarified before the results could be applied globally with any degree of certainty. 

Aviation cannot therefore provide any definitive criteria for the protection of aeronautical systems from transmissions of Ultra Wideband systems until further studies have been completed.   However, the Maximum Total Aggregated Level of Intra System Interference (AISI) in Appendix A & B could be used as an initial basis for calculating the Maximum Total Aggregated Level of Ultra  Wideband Interference (AUWI).  In order to arrive at the AUWI it is necessary to add a 6dB safety margin (as referenced in ITU documentation) to the AISI and a factor for Multiple Interference Sources Types (MIST) . To calculate the maximum level of an individual UWB interferer it is necessary to add a single to multiple (S to M) interference factor to the AUWI.  Therefore, the  individual interferer can be calculated as :

i)
AUWI  – (S to M)    or    

ii)
AISI – safety margin - MIST - (S to M)

The value for MIST depends on the number of known interference source types and will vary dependant on the band under consideration.  The appropriate value of this single to multiple interference factor is unknown and therefore must be the subject of further study.   

APPENDIX A maximum total aggregated level of interference AS DEFINED BY ICAO SARPS

	System
	Frequency Band
	Usage
	Receiver  Bandwidth
	Minimum Wanted Signal
	System Planning Protection Margin
	Maximum Total Aggregated Level of Intra System Interference

	NDB
	255 – 526.5 kHz
	Airborne
	2.14 kHz
	-108 dBW/m2
	15 dB (by day)
	-96.3 dBW/m2/MHz

	HF
	2.85 – 22 MHz
	Ground
	3 kHz
	
	15 dB
	

	
	
	Airborne
	3 kHz
	
	15 dB
	

	Marker Beacons
	74.8 – 75.2 MHz
	Airborne
	3 kHz
	-82 dBW/m2
	
	

	ILS Localiser
	108 – 112 MHz
	Airborne
	14.3 kHz
	-114 dBW/m2
	20 dB
	-116 dBW/m2/MHz

	VOR
	112 – 118 MHz
	Airborne
	9.96 kHz
	-107 dBW/m2
	26 dB
	-113 dBW/m2/MHz

	GBAS
	108 – 118 MHz
	Airborne
	14 kHz
	-103 dBW/m2
	26 dB
	-111 dBW/m2/MHz

	VHF Comms VDL Mode 4
	108 – 137 MHz
	Ground
	14 kHz
	-120 dBW/m2
	20 dB
	-122 dBW/m2/MHz

	
	
	Airborne
	14 kHz
	-109 dBW/m2
	20 dB
	-111 dBW/m2/MHz

	VHF Comms AM
	118 – 137 MHz
	Ground
	6.8 kHz
	-120 dBW/m2
	20 dB
	-118 dBW/m2/MHz

	
	
	Airborne
	6.8 kHz
	-109 dBW/m2
	20 dB
	-107 dBW/m2/MHz

	VHF Comms VDL mode 2
	118 – 137 MHz
	Ground
	14 kHz
	-120 dBW/m2
	20 dB
	-122 dBW/m2/MHz

	
	
	Airborne
	14 kHz
	-109 dBW/m2
	20 dB
	-111 dBW/m2/MHz

	ILS Glidepath
	328.6 – 335.4 MHz
	Airborne
	32.3 kHz
	-94 dBW/m2
	20 dB
	-99 dBW/m2/MHz

	ELT/EPIRBS
	406 – 406.1 MHz
	Airborne
	4 kHz
	
	
	

	50cm Radar
	590 – 598 MHz
	Ground
	
	
	
	

	DME/TACAN
	960 – 1 215 MHz
	Ground
	6 MHz

(12 dB)
	-103 dBW/m2
	
	

	
	
	Airborne
	6 MHz

(12 dB)
	-89 dBW/m2
	8 dB
	-105 dBW/m2/MHz

	Secondary Surveillance Radar
	1 030 MHz
	Airborne
	5.5 MHz
	-82 dBW/m2
	12dB
	-101 dBW/m2/MHz

	
	1 090 MHz
	Ground
	9 MHz
	-111 dBW/m2
	12 dB
	-132 dBW/m2/MHz

	23cm Radar
	1 215 – 1 350 MHz
	Ground
	
	
	
	

	Sat Com
	1 545 – 1 559 & 

1 645.5 – 1 660 MHz
	Satellite
	
	
	
	

	
	
	Airborne
	
	
	
	

	10cm Radar
	2 700 – 3 100 MHz
	Ground
	
	
	
	

	Radio Altimeters
	4 200 – 4 400 MHz
	Airborne
	
	
	
	

	MLS
	5 030 – 5 250 MHz
	Airborne
	
	-89.5 dBW/m2
	25 dB
	

	Weather Radar
	5 350 – 5 470 MHz
	Airborne
	
	
	
	

	Doppler Radar
	8 750 – 8 850 MHz
	Airborne
	
	
	
	

	3cm Radar
	9 000 – 9 500 mhZ 
	Ground
	
	
	
	


 APPENDIX B maximum total aggregated level of interference CONTAINED IN ITU RECOMMENDATIONS

	System
	Frequency Band
	Usage
	Receiver  Bandwidth


	Sensitivity
	System Loss

(Assumed)
	Antenna Gain

(Assumed)
	Protection Criteria
	Maximum Total Aggregated Level of Interference

	NDB
	255 – 526.5 kHz
	Airborne
	
	
	
	
	
	

	HF
	2.85 – 22 MHz
	Ground
	
	
	
	
	
	

	
	
	Airborne
	
	
	
	
	
	

	Markers
	74.8 – 75.2 MHz
	Airborne
	
	
	
	
	
	

	ILS Localiser
	108 – 112 MHz
	Airborne
	
	
	
	
	
	

	VOR
	112 – 118 MHz
	Airborne
	
	
	
	
	
	

	GBAS
	108 – 118 MHz
	Airborne
	
	
	
	
	
	

	VHF Comms VDL Mode 4
	108 – 137 MHz
	Ground
	
	
	
	
	
	

	
	
	Airborne
	
	
	
	
	
	

	VHF Comms AM
	118 – 137 MHz
	Ground
	
	
	
	
	
	

	
	
	Airborne
	
	
	
	
	
	

	VHF Comms VDL mode 2
	118 – 137 MHz
	Ground
	
	
	
	
	
	

	
	
	Airborne
	
	
	
	
	
	

	ILS Glidepath
	328.6 – 335.4 MHz
	Airborne
	
	
	
	
	
	

	ELT/EPIRBS
	406 – 406.1 MHz
	Airborne
	
	
	
	
	
	

	50cm Radar
	590 – 598 MHz
	Ground
	
	
	
	
	
	

	DME/TACAN
	960 – 1 215 MHz
	Ground
	
	
	
	
	
	

	
	
	Airborne
	
	
	
	
	
	

	Secondary Surveillance Radar
	1 030 MHz
	Airborne
	
	
	
	
	
	

	
	1 090 MHz
	Ground
	
	
	
	
	
	

	23cm Radar
	1 215 – 1 350 MHz
	Ground 1
	780 kHz
	
	
	33.5 dBi
	I/N –6 dB
	

	
	
	Ground 2
	690 kHz
	
	
	38.9 dBi
	I/N –6 dB
	

	
	
	Ground 3
	6.4 MHz
	
	
	38.2 dBi
	I/N –6 dB
	

	
	
	Ground 4
	1.2 MHz
	
	
	32.5 dBi
	I/N –6 dB
	

	Sat Com
	1 545 – 1 559 & 

1 645.5 – 1 660 MHz
	Satellite
	
	
	
	
	
	

	
	
	Airborne
	
	
	
	
	
	

	10cm Radar
	2 700 – 3 100 MHz
	Ground 1
	15 MHz
	-110 dBm
	3.3 dB
	34 dBi
	I/N –6 dB
	

	
	
	Ground 2
	500 kHz
	-110 dBm
	4 dB
	33.5 dBi
	I/N –6 dB
	

	Radio Altimeters
	4 200 – 4 400 MHz
	Airborne
	
	
	
	
	
	

	MLS
	5 030 – 5 250 MHz
	Airborne
	
	
	
	
	
	

	Weather Radar
	5 350 – 5 470 MHz
	Airborne
	
	
	
	
	
	

	Doppler Radar
	8 750 – 8 850 MHz
	Airborne
	
	
	
	
	
	

	3cm Radar
	9 000 – 9 500 MHz 
	Ground
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