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	SUMMARY

	This paper provides more specific proposals on the SARPs framework for radar altimeter RF characteristics based on the RTCA/EUROCAE MOPS work.  It also provides additional clarity on timelines for any potential retrofits based on these standards.  




INTRODUCTION
Following the initial proposal at the last meeting in WG/16 WP26, further refinements are proposed to the broad content of the ICAO Standards and Recommended Practices (SARPs) for new radar altimeters.  Additionally, with the significant discussion of possible timelines regarding the introduction of a new RTCA/ EUROCAE radar altimeter Minimum Operational Performance Standards (MOPS) and any potential retrofit based upon such MOPS being adopted by individual States. Expected timelines are discussed to provide a realistic understanding of the challenges involved.
SARPS DEVELOPMENT
While RTCA and EUROCAE continue to develop updated MOPS, additional text and proposals on the SARPS framework have been suggested since WG/16 WP26.  Included is a base framework for antenna performance as this is now being considered by RTCA/EUROCAE.  
The framework updates are intended to better solicit feedback on structure and type of information expected to be implemented at the ICAO level once MOPS are completed.  It is hoped this can be provided to RTCA/EUROCAE to ensure the work is aligned and allow a quicker ICAO approval process in 2025.  Appendix A provides the proposed framework.
TIMELINE FOR INTRODUCTION OF NEW RADAR ALTIMETER STANDARDS AND POTENTIAL RETROFITS
With ongoing discussions nationally on potential retrofits of radar altimeters to ensure full coexistence with high power 5G services in the adjacent frequency bands, the following sequential factors are recommended to be considered by States when deciding on suitable timelines.  
Radar Altimeter MOPS Update
The radar altimeter MOPS (DO-155A/ED-30A) are being developed by RTCA and EUROCAE joint committees working to define out-of-band interference (OOBI) tolerances that are high enough to protect radar altimeters from future spectrum changes that are even closer to the 4200 – 4400 MHz band. There is a similar expectation that higher in-band interference (IBI) tolerance will be needed given that some regulators have adopted versions of the 5G specifications with high emissions in the radar altimeter band. For radar altimeter manufacturers to be able to support these higher OOBI and IBI tolerances, manufacturers will need time to prototype equipment to validate that they can build equipment that meets the specified performance. DO-155A and ED-30A are estimated to be complete by the end of 2024.  
Potential MOPS Revision
As seen regularly in standards development, it is likely that a further revision, e.g., “DO-155A Change 1,” will be needed to adjust and correct the requirements in the MOPS, which would take additional time to implement.[footnoteRef:2] Such validation and potential revisions would require several months, at a minimum, to accomplish. [2:  This and other similar revisions have a higher likelihood with the pressure to produce the first version of the MOPS as quickly as possible.] 

Develop Technical Standard Order
On completion of the MOPS, the airworthiness regulator for the equipment maker must develop and issue a Technical Standard Order (TSO) that provides a full set of equipment requirements to be met by manufacturers. This is a process that takes an additional several months to complete.
Initial Build and TSO Authorization
With the TSO, the avionics manufacturer must build a specific model of radar altimeter to the completed TSO for approval by the airworthiness regulator and obtain TSO Authorization, which may take additional one or more years to move a prototyped design to a final design.
Aircraft Type Certification, Supplemental Type Certification
For new-airplane production incorporation, the aircraft manufacturer must obtain a modified Type Certificate (TC) following the TSO authorization, or for retrofits, the radar altimeter manufacturer or operator must obtain a Supplemental Type Certificate (STC) from the airworthiness regulator to install or retrofit the new radar altimeter on each aircraft model upon which the equipment will be installed. This approval is separate from any TSO Authorization and must be done individually for each aircraft type. The TC option can take between six (6) to twenty (20) months (depending on the airframer), and the STC can take between six (6) and ten (10) months or more. 
Aircraft Operator Implementation
Only after all of the above is complete can an operator (airline) or aircraft manufacturer begin procuring ,installing the new radar altimeter on their aircraft, and seeking operation approvals for their use.[footnoteRef:3] In normal times, a full fleet retrofit under an airworthiness authority mandate may take ten plus (10+) years to complete, depending on the extent of cabling or antenna replacement that is required.[footnoteRef:4]  Faster installation for each aircraft can be achieved if an aircraft is taken out of service rather than waiting for a suitable service window.  Given technical, logistical, administrative resources and effort, as well as significant loss of revenue when removed from service for installation, this adds to the opportunity cost that must be borne by the aircraft operator. [3:  Noting that in some airframer cases, the RA is Buyer Furnished Equipment (BFE).]  [4:  As an example, the most recent precedent for mandating equipage in the U.S. was the Automatic Dependent Surveillance-Broadcast (ADS-B) Out mandate, which allowed about 10 years for equipment to be designed, receive TSO Authorization, certified via TC or STC, and then installed in aircraft.] 

Production Capacity and Supply Chain Considerations
Finally, availability of new radar altimeters for installation will likely be constrained by production capacity and supply chain, as it is expected that most countries will require the same modification as quickly as possible.  
Figure 1 - Sequential General Steps (does not reflect proportional time flows)


Up to 10 years in duration (typical)
Previous RA Modifications Example
The most recent widespread radar altimeter modification occurred in the United States as part of an Federal Aviation Administration (FAA) agreement with the national 5G operators commencing on the 1st Jul 2023.[footnoteRef:5]  As part of the process, existing radar altimeters were fitted with external in-line or internal filters to provide additional signal isolation to adjacent band 5G signals, which was combined with the 5G operators lowering their regulated signal spurious limits in the 4 200-4 400 MHz band from -13 dBm/MHz to -48 dBm/MHz.  Additional operational mitigations were also put in place around airports and other airspace to mitigate potential interference scenarios.   [5:  Additional details can be found here: https://www.faa.gov/5g] 

It should be noted that the existing radar altimeters designs were not significantly modified, with only receiver front-end filtering applied (internally in the avionics box or externally in the aircraft). The addition of filtering to existing radar altimeters took operators, regulators, suppliers and industry, approximately twelve (12) to twenty-four (24) months at great cost and impact to operations, avionics suppliers, airframers and flying communities.[footnoteRef:6]  However, that extraordinary shortened timescale should not be considered the norm, as  that will not be possible to be repeated when complying with a new MOPS, for the reasons outlined in this document (Section 3.0), and because the scale of and impact (supply chain, costs to operators, costs to avionics OEMs, costs to airframers, regulator efforts, and impacts to flying communities) from any potential global retrofit demand will be significantly higher for the new retrofits and for new airplane production incorporation. [6:  Not all aircraft required additional filtering, as approx. 25% of main commercial aircraft (FAA Part 121) already performed at the required levels for the 5G agreement.] 

SUMMARY
It is critical to ensure the ICAO SARPs are quickly updated once new radar altimeter MOPS are finalized by RTCA/EUROCAE.  A high-level RF standard defined at ICAO will help inform States globally, and also assist with any necessary updates to relevant ITU-R documents.  
Given the clarified timelines in this document, it is recommended that States recognize the limitations on development of a new radar altimeter standard and base timelines on the availability of standards, published certification guidance, certification, installation, and all the above elements of the retrofit process.  In recent national proceedings, relevant aviation stakeholders have recommended adopting a more realistic, yet still aggressive, timeline of seven (7) years for a significant retrofit after a TSO for the new MOPS (DO-155A/ED-30A) compliant radar altimeters is released and issued.[footnoteRef:7] It should be noted that this estimate could be extended if multiple States and/or regions decide to implement a retrofit all at the same time and the production capacity/supply chain limitation noted in 3.8.1 are strained as a result.   [7:  Based on the joint aviation stakeholders’ contribution to Canada.  https://ised-isde.canada.ca/site/spectrum-management-telecommunications/en/learn-more/key-documents/comments-received-consultation-srsp-520-issue-3-and-rss-192-issue-5 ] 

ACTION BY THE MEETING
The meeting is invited to:
Note and review the contents of this working paper;
Seek additional input and contributions on the SARPSs framework in Appendix A, and then send this to RTCA/EUROCAE for comment; and
Note the timelines specified in Section 3 for designing and producing any new radar altimeters and seek agreement in the meeting that these accurately reflect the membership’s understanding.
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APPENDIX A – PROPOSED RADAR ALTIMETER SARPS FRAMEWORK

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 – Also known as Radio Altimeters

FDR – Frequency Dependent Rejection

FMCW – Frequency Modulated Continuous Wave

ITM – Interference Tolerance Mask

OCS – Operational Clearance Surfaces

SDO – Standards Development Organization


	[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.



[bookmark: _heading=h.3znysh7]

CHAPTER 4.    UTILIZATION OF FREQUENCIES ABOVE 30 MHz

…
4.5. UTILIZATION IN THE FREQUENCY BAND 4 200 – 4 400 MHz

4.5.1.  Radar altimeters are used in all phases of flight on aircraft to provide a measurement of the height above the terrain and any obstacles.  As well as providing height information to the pilot, the system also provides information directly to the onboard Terrain Awareness Warning Systems (TAWS), Traffic Alert and Collision Avoidance Systems (TCAS), Airborne Collision Avoidance Systems (ACAS), Wind Shear detection systems, flight control systems, and autoland systems.  The system can also support many other onboard avionics depending on the aircraft and its mission type.  

4.5.2. Radar altimeters can use either FMCW and Pulsed type mechanisms to detect obstacles and terrain, and requires higher accuracy the closer to the terrain an aircraft is operating.  The radar altimeter is always operational, even when aircraft are operating beyond the maximum altitude to avoid any possible CFIT.

4.5.3. These requirements shall be effective from [Date TBC] 

4.5.4. The SDO MOPSs for the radar altimeter are the equivalent RTCA DO-155A and EUROCAE ED-30A 

	Origin:

FSMP
	Rationale:

Provide context of the radar altimeters operation and usage




4.5.5. RF characteristics of Radar Altimeters transmitters

4.5.5.1. Radar Altimeters shall operate in the frequency band 4 200 – 4 400 MHz.

4.5.5.2. The maximum transmit power of a radar altimeter is [X] Watts

4.5.1.1. The radar altimeter’s necessary bandwidth is [X] MHz

4.5.1.2. All radar altimeter emissions shall fall within the following envelope referenced to the altimeter models peak power and its center operating frequency

Note: Some altimeter models allow multi-plex installation of up to 3 altimeters on a single aircraft.  Installation may affect operating parameters to ensure co-existence of all altimeters on the same aircraft  

	Origin:

FSMP
	Rationale:

…..




4.5.2. RF characteristics of Radar Altimeters receivers

4.5.2.1. The radar altimeter shall have a minimum receiver sensitivity of –[XXX] dBm between [X XXX – X XXX] MHz. 

4.5.2.2. The radar altimeter shall operate with the following interference tolerance levels to external interference sources.  These levels are defined at the face of the radar altimeter antenna for different aircraft operating altitudes above the ground below it.  These values protect the radar altimeter under all operating conditions and surface reflection coefficients.  

0-50 ft

[Table/chart showing values between 3.0 – 5.6 GHz]  

50-100 ft

[Table/chart showing values between 3.0 – 5.6 GHz]  

100-200 ft

[Table/chart showing values between 3.0 – 5.6 GHz]  

200 - 500 ft

[Table/chart showing values between 3.0 – 5.6 GHz]  

500 – 1 000 ft

[Table/chart showing values between 3.0 – 5.6 GHz]  

1 000 – 2 000 ft

[Table/chart showing values between 3.0 – 5.6 GHz]  

2 000 – 2 500 ft

[Table/chart showing values between 3.0 – 5.6 GHz]  

2 500 – 5 000 ft 

[Table/chart showing values between 3.0 – 5.6 GHz]  

Note: Some radar altimeters may have an operational range above 5000 ft above ground, though for these scenarios the ITM at 2 500 – 5 000 ft should be used.

4.5.2.3. Receiver performance beyond the specified range should be assumed to be [XXXXX].

	Origin:

FSMP
	Rationale:

…..




4.5.3. RF characteristics of Radar Altimeters Antennas

4.5.3.1. Radar Altimeter antenna maximum directivity pattern shall be defined as:

[Table/chart showing 360 antenna directivity]  

4.5.3.2. Radar Altimeters antenna minimum directivity pattern shall be defined as:

[Table/chart showing 360 antenna directivity]  

4.5.3.3. Radar Altimeters antenna frequency dependent rejection (at boresight) shall be defined as:

[Table/chart showing values between 3.0 – 5.6 GHz]  


	Origin:

FSMP
	Rationale:

…..




4.5.1. Additional requirements when considering external interference from non-aviation sources 

4.5.1.1. The radar altimeter shall be protected during all phases of flight by using realistic worst-case conditions with the inclusion of a 6 dB safety margin that shall be applied during compatibility studies to account for unknown external interference sources.

4.5.1.2. The Radar Altimeter antenna maximum directivity pattern shall be used for all studies.

4.5.1.3. All studies should account for the relevant OCS rules of each Administration and volumes of airspace that an aircraft can operate in.  

Note: Previous studies of external interference sources to radar altimeters have included an assumption of a 6 dB aggregation factor to account for all possible external interference sources.  

	Origin:

FSMP
	Rationale:

…..
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