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	SUMMARY

	This document provides an initial framework and plan to begin the development of ICAO SARPs for the radar altimeters.  It also considers how the process relates to the RTCA/Eurocae work and the ITU-R.




INTRODUCTION
With the ongoing development in work at RTCA and Eurocae (the Standards Development Organizations – SDOs) to develop new Minimum Operational Performance Standards (MOPS) for radar altimeters, ICAO should also start considering the content of Annex 10, Vol. V and the process to get a final set of Radar Altimeter SARPs.  While it is dependent on the work from RTCA and Eurocae to develop the MOPS first, planning for what material may be needed from the SDOs and how it is incorporated should be initiated now to benefit from concurrent activity with the SDOs.  This work is a direct deliverable to ICAO Job Card FSMP.006.02
RADAR ALTIMETER SARPS FRAMEWORK
Annex A provide an initial framework to start development on material for the ICAO SARPS, developing the placeholder in Annex 10, Vol. V previously recommended by the FSMP in the September 2022 Panel.  It considers three primary areas, operating functions, transmitter, and receiver performance.  However, there are several details (and potentially other areas) that should be considered in the work to develop this.  These have also been noted in the Annex to ensure completeness for any FSMP discussion, but this does not necessarily mean they will be incorporated into any final SARPs.  
Altitude dependent performance – The radar altimeter has a varying sensitivity to external interference, with more susceptibility the higher the aircraft’s operational altitude above ground.  This will need to be accurately reflected in any defined interference tolerance mask (ITM), may requiring multiple ITMs at different altitudes to accurately reflect receiver performance.
Antenna performance – The parameters of the radar altimeter antenna are essential to defining (or even providing additional isolation to) the radar altimeters RF performance.  Yet formally standardizing antenna performance may be problematic across all aircraft and usage.  Achieving this balance will be difficult if any antenna performance is kept in some form within the SARPs, but it appears to be needed in some form.  
Implementation timelines of new avionics – Defining and approving a new avionics performance standard does not mean that all aircraft are immediately meeting such performance.  Traditional avionics lifecycles can take decades for a natural replacement cycle of commercial aircraft; therefore applicability dates will need to be considered for any new standard and how the existing avionics performance may need to be captured in the interim.  
Applicable operational scenarios
Much of the national level work has concerned defining the operational scenarios that the technical parameters can be applied to, i.e. how close can aircraft get to ground obstacles.  However, little exists as international guidance to avoid ‘reinventing the wheel’ by each nation state when assessing radar altimeter interference in different phases of flight.  While not part of Annex 10, Vol. V work, consideration should be given to complementary ICAO operational guidance to better assist national processes for any radar altimeter assessments (or even other aviation systems in similar circumstances).
Runway Safety Zones – An example of guidance that has immediate need is harmonization of the definition of Runway Safety Zones (RSZs) around runways. Actions by multiple Administrations to develop rules controlling potential harmful interference from new 5G emissions to existing radio altimeters have identified a need to limit emissions in critical operational volumes around airport runways. The approaches currently proposed in several countries generally involve specifying RSZs that define an operational area or volume in which controls on 5G emissions must be imposed to effectively reduce the risk of harmful interference to acceptable levels. These definitions have proceeded on an Administration-by-Administration basis without the benefit of an aviation industry document that can provide a common definition of relevant parameters to promote a harmonized approach to establishing the conditions that will reduce the risk of harmful interference to acceptable levels for all aircraft operations at all airports.
ICAO defines Obstacle Limitation Surfaces (OLS) in Chapter 4 of Annex 14 to the Convention on International Civil Aviation in the Procedures for Air Navigation Services – Aircraft Operations (PANS-OPS). Administrations can also define similar constructs, such as the Obstacle Clearance Surfaces (OCS) specified in the United States Standard for Terminal Instrument Procedures (TERPS). These standards define operational volumes around airport runways that are intended to control physical structures located on or near airports. These existing standards, coupled with an understanding of potential wireless communications transmitter locations and emissions characteristics, can be used to evaluate the risk of harmful interference in nominal and off-nominal aircraft operations in proximity of control surfaces.
Given that aircraft must often operate internationally, international standards should be defined that provide a uniform means of characterizing the risk of harmful interference to radio altimeters given the center frequency, bandwidth, maximum average output power, unwanted emissions levels, and antenna characteristics of 5G transmitters. This analysis can then inform the development of internationally consistent mitigations that minimize the impact to aircraft operations while enabling the least constrained, yet still compatible, deployment of 5G services.
Recognizing that the ICAO Flight Operations Panel (FLTOPSP) is charged with developing strategy and coordinated solutions for air traffic management to ensure a harmonized global ATM operational environment, and that detailed knowledge of terminal procedures is necessary to develop recommended mitigations intended to minimize the impact of impaired radio altimeter performance due to harmful interference, it would be useful for the work of the FSMP to seek input from FLTOPSP on the potential impact to relevant flight operations that can be coordinated with the ITU-R and state spectrum and aviation regulation Administrations to develop harmonized mitigations, including the establishment of Runway Safety Zones that provide equivalent levels of risk reduction given the specific 5G emission parameters defined in each country.  An initial response and guidance to this request would be preferred by the Next FSMP WG meeting in late Aug 2023.
PROCESS FOR IMPLEMENTATION OF NEW RADAR ALTIMETER PERFORMANCE STANDARDS
Given the current work at the SDO level with an estimate of early 2024 for a published MOPS document, it is proposed that the ICAO SARPs work be conducted concurrently with RTCA and Eurocae to ensure the necessary information is made available.  This would allow for a greater time to consider the parameters, while also allowing the ICAO SARPs to be quickly finalized once the MOPS has been approved.  Once this work is complete, it is recommended that the information be sent to the ITU-R to update ITU-R Recommendation M.2059-0 with updated characteristics.  It is recommended the outcome of FSMP WG/16 discussions for Annex A be incorporated into a Flimsy and sent to RTCA/Eurocae to update them on the ICAO SARPs work and seek contributions/updates to future meetings.  
CONCLUSION
Development of suitable RF performance characteristics at the SDO, ICAO and the ITU-R level is essential to ensure future aviation systems are protected.  The FSMP should actively solicit comments, both from FSMP members and also SDOs, on the attached framework at future meetings to work towards a 2024 SARPs recommendation to the ANC.
ACTION BY THE MEETING
The meeting is invited to:
note and review the contents of this working paper;
Send material in Section 2.5 to the FltOps Panel; 
seek comments on scope of proposed Annex 10 SARPs framework in Annex A and incoporate these into a Flimsy;
Send Flimsy to RTCA and Eurocae to provide context on the current ICAO Annex 10 plans for feedback; and
seek future contributions to the ICAO FSMP to develop the Annex 10, Vol. V additions in conjunction with the SDOs with a target date of 2024 for the FSMP to provide a recommendation to the ANC.
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CHAPTER 1.	DEFINITIONS


[Editor’s note: These are included from the below section text in isolation from the rest of Annex 10.  Therefore development of these should check for existing definitions/references that may already be published]

Radar Altimeter – 

FDR – 

FMCW – 

HMI – 

SDO - 


	[bookmark: _heading=h.1fob9te]Origin:

FSMP
	Rationale:

The above definitions are specific to the Radar Altimeter and are being added to the definitions in Chapter 1 of Annex 10 Volume V.
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CHAPTER 4.    UTILIZATION OF FREQUENCIES ABOVE 30 MHz

…
4.5    UTILIZATION IN THE FREQUENCY BAND 4 200 – 4 400 MHz
4.5.1	Utilization of Radio Altimeters  

[Editor’s Note: Subsection may include:
· Brief description of radar altimeter operations and supported aircraft systems.
· Operational phases of flight and altitude
· Transmitter and receiver installation configurations
· FMCW and Pulsed operations
· Relationship to ITU-R and SDO work
· Interference fault conditions such as HMI
· Implementation timelines and legacy equipment]

	Origin:

FSMP
	Rationale:

…..





4.5.2	RF characteristics of Radar Altimeters transmitters

[Editor’s Note: Subsection may include:
· Transmit power
· Emissions mask
· Necessary bandwidth
· Frequency offset for multi-installations on same aircraft
· Date of applicability?]

	Origin:

FSMP
	Rationale:

…..




4.5.3	RF characteristics of Radar Altimeters receivers

[Editor’s Note: Subsection may include:
· Receiver sensitivity
· Interference tolerance mask(s) for out of band tolerance +/- 500 MHz of band edge minimum
· Additional considerations when assessing against external RF interference sources]

	Origin:

FSMP
	Rationale:

…..




4.5.4	RF characteristics of Radar Altimeters antennas

[Editor’s Note: Antenna performance may be more of a commentary than ‘shall’ language to give guidance but not standardize the antenna. Subsection may include:
· Minimum/maximum antenna pattern
· Installation considerations such as cable losses
· FDR losses]

	Origin:

FSMP
	Rationale:

…..
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