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	SUMMARY

	This paper provides background information and progress of work within the joint effort of RTCA and EUROCAE to update radio altimeter standards 




INTRODUCTION
The radio altimeter has operated in the 4200-4400 MHz frequency band for decades.  Radio altimeters used on civil and commercial aircraft must be approved by an appropriate aviation authority.  That approval, Technical Standard Order (TSO) by the FAA in the United States, is dependent on the requirements specified in the Minimum Operational Performance Standards (MOPS). Under the current TSO, the MOPS are specified in EUROCAE ED-30 that was released in 1980 and many current radio altimeter models received approval prior to ED-30’s publication refer to the MOPS provided in RTCA DO-155 that was released in 1974. 
At the time of either ED-30 or DO-155 publication, the spectrum near the 4200-4400 MHz frequency band was used by satellite downlinks creating a very simple spectrum sharing situation.  In recent years a lot of the satellite downlink spectrum has been converted to commercial terrestrial networks and is now a key component of International Mobile Telecommunications (IMT) or more commonly 5G (the spectrum could easily be repurposed for future mobile standards, 6G, 7G, etc,). These terrestrial networks can be referred to as 5G+ or xG, in order to encompass any further growth.  In fact, the 5G+ standards, 3gPP, indicate spectrum up to 4200 MHz and above 4400 MHz.   
These new technologies being deployed in nearby bands are beyond the imagination of those creating radio altimeter MOPS many decades ago, and there are vulnerabilities due to the radio altimeter receiving 5G interference outside of the 4200-4400 MHz band. RTCA performed an initial assessment in a report[footnoteRef:1] .  In addition to the report RTCA and EUROCAE have endeavoured to update the MOPS via a joint committee to include spectrum requirements, as well as many other overdue improvements, including better test procedures, clarification of requirements, and new necessary concepts such as cyber security.   [1:  RTCA Paper No. 274-20/PMC=2073) “Assessment of C-Band Mobile Telecommunications Interference Impact on Low Range Radar Altimeter Operations” October 2020
2 Reproduced from RTCA/DO-399/ ED-310 (draft) under permission from RTCA. ] 

DISCUSSION
The RTCA and EUROCAE joint committee, SC-239 and WG-119 respectfully are working towards a new MOPS for radio altimeters.  Within this process they have solicited input from the IMT industry and will be producing two documents, a “Guidance Document” RTCA/DO-399 EUROCAE/ED-310 and the new MOPS.  Members of this joint committee include but are not limited to major airframe manufacturers, several radio altimeter manufactures, radio altimeter antenna manufacturers, aviation regulators, aviation certification bodies, and spectrum regulators.
The Guidance Document, DO-399/ED-310 is very close to publication at the time of writing this document as it is in the final stages of review.  DO-399/ED-310 contains two key elements, the “best achievable” power flux density (PFD) from 5 radio altimeter manufactures, and example scenarios in order to evaluate spectrum compatibility with other systems.  However, DO-399/ED-310 is not the final state for radio altimeter PFD characteristics, as those will be researched and further discussed in the process of developing the new radio altimeter MOPS.  Additionally, one minor change from the RTCA Report is to rename the various aircraft categories as the terminology used in the report (User Category 1, 2 &3) has caused confusion in some discussions and are now organized by more descriptive category names.
Per the draft version of RTCA/DO-399/ED-310, “The information presented for the best achievable PFD is intended to be taken as input to the development of a consensus MOPS RFI tolerance requirement and are not to be taken as a set of individual requirements intended to be incorporated directly in the MOPS. The data presented in RTCA DO-399 for the best achievable PFD (as a function of the radio altimeter receiver classes – Mainline Transport/ Regional/ UAS and Rotorcraft, frequency and altitude of operation) are estimates for projected RFI tolerance performance that may be achievable for certain sets of basic RA design parameters (i.e., different “design baselines”). The figures do not reflect the performance of equipment currently available from the RA manufacturers, nor do they reflect performance achievable through only limited modification of existing designs. However, they do make use of empirical testing of current equipment with similar design baselines to improve the confidence in the estimates of the achievable RFI tolerance performance of innovative new designs. The best achievable PFD includes all estimates of possible future performance based on each manufacturer’s known set of design baselines in order to provide as complete a set of inputs as possible to aid the development of the MOPS RFI tolerance requirements”2. Once RTCA/DO-399 is released (ECD March 2023), it is anticipated to serve as a baseline for further discussions across a variety of aviation and telecom stakeholders towards compiling a final Interference Tolerance Mask (ITM) that would be reflected in the future MOPS as the basis for spectrum compatibility between the radio altimeter in the 4.2 – 4.4 GHz band and adjacent band systems. 
RTCA/DO-399/ED-310 has also provided multiple examples of RF encounter scenarios for consideration in an assessment of RF compatibility between 5G/IMT transmissions and the radio altimeter sensor. Section 5.2 of this document outlines a generic model and methodology to help with this assessment. In this assessment some of the key assumptions espoused were based on positioning an aircraft in the vicinity of an outdoor 5G Base Station (BS) at representative operational distances with respect to the 5G emissions source (BS). Please note that there are no unique controls on where a 5G base station can be placed in the vicinity of aircraft operational volumes and the only applicable limitations are the physical obstacle clearance rules (There are no specific RF obstacle clearance rules/regulations in place at this time). DO-399/ED-310 has provided examples of a physical near collision scenario (both vertical and lateral near collisions scenarios). Given the lack of specific RF obstacle clearance protections, it is anticipated that the radio altimeter should be able to function and meet its requirements up to the point of a physical collision encounter with a standing structure that may be hosting a 5G BS transmitter. To this end, a vertical displacement of no greater than 35 feet between the airborne radio altimeter antenna and the 5G BS and/or a lateral distance of no greater than a half wingspan of said aircraft is regarded as a conservative assumption of standoff distances for the purposes of ensuring RF compatibility between 5G /IMT BS signalling and the radio altimeter on an aircraft. Given this framework, the question is: What additional limitations may have to be placed on 5G/IMT transmissions to ensure this compatibility today and as we move forward, would it be possible to attain a level of radio altimeter resiliency that allows for 5G / IMT base stations to transmit in the adjacent band while only countenancing the physical obstacle clearance criteria? Pursuant to discussions at the industry level, the answer to the same is going depend on maximum 5G/IMT BS power levels encountered by the radio altimeter and the range of frequencies over which this is observed.
As part of the publication process, DO-399 was available for public comment and received a lot of input from members as well as the public.  Though some public comments were out of scope for DO-399, they will prove very valuable for the work to create the new MOPS.   Additionally, comments from RTCA and EUROCAE participants who have not regularly participated in the work of SC-239/WG-119 helped to elicit more clarity in DO-399/ED-310. Please note that the intent behind DO-399 is to “provide guidance to radar altimeter designers and manufacturers, aircraft manufacturers and system integrators, and others involved in the modification and development of radar altimeters for RF interference robustness on the current state-of-the-art Aircraft-Level RF Interference Rejection and Tolerance for radar altimeters operating in the 4200–4400 MHz band”2.  The information provided in DO-399/ED-310 is to be considered as preliminary and not indicative of agreed future radio altimeter performance. 
With the work of DO-399/ED-310 concluding, the focus of joint committee’s work is pivoting to the new MOPS development.  

ACTION BY THE MEETING
The meeting is invited to:
[bookmark: _GoBack]note and review the contents of this information paper.
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