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	SUMMARY

	Provides an updated structure and additional information that should be included when documenting aviation system characteristics.  The paper also includes some additional material that may have considerations for other parts of Vol. B that are not already in the existing Handbook




INTRODUCTION
With feedback from FSMP WG/8, the ICAO Handbook Vol. C – System Characteristics has been modified to reflect the thoughts process and discussions.  The updated generic structure in Annex A is then used in Annex B as an example with the radio altimeter given the ongoing focus for that system
DISCUSSION
Since the last meeting and the relative feedback, the proposed structure of the system parameters has been updated to incorporate:
Revised reference model structure
Operational information on which types of airspace users are equipped with the system
Clarification on when the system is used. 
By implication of the above points, it should also be noted that some part of the new handbook may need a ‘dummies guide’ to airspace usage and phases of flight.  While this wouldn’t be comprehensive, it would allow for guard rails to ensure other industries are not taking an overly favourable view when conducting interference analysis.  This is still a concept, and would need exploring further to see if it is a viable options.
Once agreed at this meeting, it is proposed that service providers and those with specialist knowledge of certain systems be asked to provide the necessary data for the next FSMP meeting in Q1 2020.
SUMMARY
The updating of the ICAO handbook is an ongoing process that requires significant effort to research and develop.  While the structure appears to be nearing an agreed form, contributions from relevant FSMP system experts are essential to support the work on this text at future FSMP meetings.  
ACTION BY THE MEETING
The meeting is invited to:
note and review the contents of this working paper;
Provide feedback in the meeting on the discussion and supplement document’s format/content.
Recommend actions be given to relevant system experts/service providers to fill in necessary system parameters to Annex A.

— END —
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Annex A – Generic System Parameter Template
[System Name] (Frequency Range)

QUICK REFERENCE

	System name
	System name

	Description
	One sentence description of the system

	Technologies used
	RF emissions (CW, pulsed, etc.)

	International Spectrum Allocation
	International allocation

	ICAO regulations on usage
	Headline ICAO annex that requires system 

	
	


System Summary
Short description of system operation (approx. half a page) covering broad principle of operations and how it integrates into the airframe or airspace management.  

Equipage and usage
Airspace users operating the equipment:  List of airframe types that operate and use the system

Usage:  Phases of flight the system is used in

Additional operational notes:
· Additional notes on equipage or usage that may clarify system for non-aviation readers.
Historical information
Background on the system and its introduction.  Previous system designs no longer in use can be described here (e.g. 100 kHz VHF channels, etc.)
Radio Altimeter Reference model for interference studies
System parameters

	Parameter
	Value (FMCW)
	Value (Pulsed)
	Source (if available)

	Max transmit power (peak W)
	
	
	

	Receiver sensitivity or noise floor
	
	
	

	Noise figure (dB)
	
	

	Protection criteria for Desensitization I/N (dB)*
	
	

	Feeder cable losses (dB)
	
	


Transmitter emissions mask
	Parameter
	Value
	Source (if available)

	
	
	



Receiver selectivity mask
	Interference frequency
(MHz)
	RF filter attenuation
(dB)

	
	




Antenna pattern
	Parameter
	Value
	Source (if available)

	Derived antenna pattern
	
	

	3 dB beamwidth (Deg)
	
	

	Polarization
	
	

	Maximum gain (dBi)
	
	

	Antenna FDR (dB)
	
	




Technical References:
ICAO Annex 10
· 
RTCA:
· 
EUROCAE:
· 
ARINC characteristic:
· 
ITU Res./Rec.: 
· 
Other relevant material or developments:
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Annex B – Radio Altimeter Example
Radio Altimeter (4 200–4 400 MHz)

QUICK REFERENCE

	System name
	Radio Altimeter

	Description
	A navigational avionics system that provides a continuous report of the aircraft’s height above terrain.  

	Technologies used
	Radar based (FMCW or pulsed)

	International Spectrum Allocation
	ARNS

	ICAO regulations on usage
	Annex 6


System Summary
Radio altimeters serve an essential safety-of-life function in landing/take-off, low level maneuvering, and avoiding changes in terrain that may not be visible at night or during bad weather.  The radio altimeter has significantly improved aviation safety for all aircraft types since its introduction, and is now essential for automated landings that increases the safety and efficiency of air travel.  

A radar-based system, commercial radio altimeter avionics use Frequency Modulated Continuous Wave (“FMCW”) or pulses to continually report the distance to the terrain below the aircraft.  Both transmitter and receiver are mounted on the underside of the aircraft, pointing in a downwards direction slightly ahead of the aircraft’s direction of travel.  The system operates in all phases of flight, from operation on the ground to high cruising altitudes, and adapts its operation depending on the reported altitude.  Low level flight is the most critical, requiring less than 3 ft of resolution to ensure accurate navigation and landing by either the pilot or autopilot depending on the aircraft approach type.  This is achieved by the altimeters increasing the swept or pulsed signal bandwidth to nearly the full 200 MHz allocation.  

For these applications, a good interference rejection performance is essential. Integrity standards of the order of one failure in 1019 operations are not uncommon. The use of a wide frequency band is an essential feature in effective designs to achieve high orders of interference rejection and freedom from disruptive effects due to the high levels of pollution of the radio environment which exist in densely populated areas.  The system also feeds the Ground Proximity Warning System (GPWS), alerting pilots to possible obstructions that may endanger the aircraft.

Equipage and usage
Airspace users operating the equipment:  Widebody commercial aircraft, narrow body commercial aircraft, private/business aircraft, helicopters, general aviation, drones

Usage:  The altimeter is operational in all phases of flight and while the aircraft is active on the ground.  

Additional operational notes:
· The radio altimeter is part of the Minimum Equipment List (“MEL”) for many aircraft, with medium to large aircraft are often fitted with a minimum of two altimeters operating simultaneously for redundancy.  Therefore, all aircraft should be assumed to be carrying at least one radio altimeter.
Historical information
The radio altimeter was widely introduced after a number of aviation incidents up to the 1970’s of aircraft flying unintentionally into the ground, a circumstance formally known as Controlled Flight Into Terrain (CFIT).  Since its global adoption, CFIT accidents of large commercial aircraft have dramatically reduced from several incidents a year. Use of this band for radio altimeters is expected to continue for the long term.
Radio altimeter reference model for interference studies
System parameters

	Parameter
	Value (FMCW)
	Value (Pulsed)
	Source (if available)

	Max transmit power (peak W)
	1
	100
	Altimeter A3 and A4 worst case from ITU-R Rec M.2059

	Receiver sensitivity or noise floor
	-125 dBm
	-95 dBm
	Altimeter D2 and D4 worst case from ITU-R Rec M.2059

	Noise figure (dB)
	10
	Altimeter A1 and A6 worst cases from ITU-R Rec M.2059

	Protection criteria for Desensitization I/N (dB)*
	–6
	From ITU-R Rec M.2059

	Feeder cable losses (dB)
	3
	Typical values from ITU-R Rec M.2059[footnoteRef:1] [1:  Cable loss can vary from 1 to 7 dB depending on installation.  Lower cable loss improves wanted signal return but lowers isolation from other onboard radio altimeters.  Therefore a 3 dB values is a tradeoff between the two and is understood to be a common installation guideline.] 

Attenuation applies to both transmit and receive functions

	Front End Overload threshold (dBm)*
	-56
	-53
	Altimeter A3 and D3 worst cases from ITU-R Rec M.2059

	False Altitudes threshold (dBm/ 100 Hz)*
	–143
	N/A
	From ITU-R Rec M.2059

	Additional safety margin to be used in interference studies (dB)
	6
	


* All three criteria must be met for protection of the system
Transmitter emissions mask
	Parameter
	Value (FMCW)
	Value (Pulsed)
	Source (if available)

	Waveform repetition
frequency (Hz or pulses per second)
	12 - 1623
	6000 - 25000
	Altimeter A3, A6 and D4 worst cases from ITU-R Rec M.2059

	3 dB emission
bandwidth (MHz)
	175
	31
	Altimeter D3 and D4 worst cases from ITU-R Rec M.2059

	20 dB emission
bandwidth (MHz)
	185
	105
	Altimeter D3 and D4 worst cases from ITU-R Rec M.2059

	40 dB emission
bandwidth (MHz)
	196
	195
	Altimeter D3 and D4 worst cases from ITU-R Rec M.2059



Receiver selectivity mask
	Interference frequency
(MHz)
	RF filter attenuation
(dB)

	≤ 4 200 
	Attenuated at 24 dB per octave
to a maximum of 40 dB

	4 200 
	0

	4 300 
	0

	4 400 
	0

	≥ 4 400 
	Attenuated at 24 dB per octave
to a maximum of 40 dB




Antenna pattern
	Parameter
	Value
	Source (if available)

	Derived antenna pattern
	
	Based on ITU-R Rec M.2059
= The radio altimeter gain at an angle  measured from the vertical axis (dBi)
 = The total 3dB beamwidth of the antenna (rad)
 = The maximum antenna gain (dBi)

	3dB beamwidth
	60
	ITU-R Rec M.2059

	Polarization
	Vertical
	

	Maximum gain
	10
	Typical based on ITU-R Rec M.2059 and ARINC 707 guidance

	Antenna FDR
	0
	Has been suggested it is minimal in the adjacent bands, therefore assuming negligible at this stage




Technical References:
Annex 10
· SARPs: Development work initiated in 2016
· Frequency plan: None
· Planning criteria:  None
RTCA:
· DO-155, Minimum Performance Standards — Airborne Low-range Radar Altimeters (1974)
· DO-161A, Minimum Performance Standards — Airborne Ground Proximity Warning Equipment (1976)
EUROCAE:
· ED-30, MPS for Airborne Low-Range Radio (Radar) Altimeter Equipment (1980), Amend. 1 (1980)
· ED-83, Recommendations on Ground Collision Avoidance Systems
ARINC characteristic:
· 594-4, Ground Proximity Warning System (GPWS)
· 723-3, Ground Proximity Warning System
· 707-6, Radar Altimeter (RALT) Supplement 6
ITU-R Res./Rec.: 
· Recommendation M.2059-0: Operational and technical characteristics and protection criteria of radio altimeters utilizing the band 4 200-4 400 MHz (02/2014)
· Report [BL/8] (Düsseldorf 1990)
Other relevant material or developments:
· 
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