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With the creation of WRC-27 Agenda Item 1.7, the International Civil Aviation Organization (ICAO) has a strong interest in adjacent band studies being conducted by Working Party 5D for potential new IMT systems in the frequency range 4 400 – 4 800 MHz and the radio altimeters and Wireless Avionics Intra Communications (“WAIC”) systems operating in the frequency band 4 200 – 4 400 MHz.  Both radio altimeter and WAIC systems are standardized by ICAO to ensure their continued operation in a safe and regulated manner, being protected from harmful interference.[footnoteRef:2] [2:  ICAO has expressed the need to protect radio altimeters from adjacent band signals from IMT operations. See ICAO State Letter (refer to SP 74/1-21/22) “Potential safety concerns regarding interference to radio altimeters”, published on 25 March 2021.] 


The following radio altimeter and WAIC background details, technical parameters, and operational scenarios are provided for consideration in ITU‑R sharing and compatibility studies in accordance with resolves 2 of WRC-27 agenda item 1.7. ICAO is continuing consideration of additional or clarifying technical parameters, protection criteria, and/or operational scenarios, and will provide ITU-R with an update, if necessary, in a follow-on liaison statement. 

ITU-R STUDIES INVOLVING RADIO ALTIMETERS

Radio Altimeter Background

A radio altimeter is a radar system mounted to the underside of an aircraft. A radio altimeter is the only system that provides a continuous measurement of the aircraft’s height above ground, clearance height above obstacles, and the rate of change of those measurements. Modern aviation would not have the safety record it does without this system. Radio altimeters are integrated into several safety critical aircraft functions; such systems include, but are not limited to, the flight control system, airborne collision avoidance systems, and terrain awareness warning system. These systems combined enable and enhance several safety and navigation functions throughout all phases of flight on all commercial aircraft and a wide range of other civil aircraft. 

Radio Altimeter Technical Parameters

The transceiver technical parameters and protection criteria provided in Recommendation ITU‑R M.2059‑0 are accurate for radio altimeters used worldwide that will continue to be in service for the foreseeable future.[footnoteRef:3]  [3:  ICAO notes that new ICAO SARPs for radio altimeters will not be approved before WRC-27, and the likely global implementation of these is expected in the late 2030s.   ] 


[bookmark: _Hlk172706143]For ITU-R studies involving radio altimeters operating in the frequency band 4 200 – 4 400 MHz, Recommendation ITU‑R M.2059‑0 provides the most appropriate operational and technical characteristics and protection criteria of radio altimeters.  Annex 3 of the Recommendation provides protection criteria of radio altimeters via three different radio altimeter failure modes: receiver front-end overload, receiver desensitization, and false altitude generation. All three protection criteria should be considered in ITU-R studies.

Additionally, ITU-R studies involving radio altimeters should consider the RF selectivity specified in Table 3 of ITU-R Recommendation M.2059 as following a slope of 24 dB of attenuation per octave from the band edges of the allocation up to a maximum of 40 dB.

The radio altimeter antenna parameters in ITU-R Recommendation M.2059 are appropriate to use in the frequency range 4 400 – 4 800 MHz.

Operational Scenarios

The most critical operations are takeoff and landing where aircraft use many radio altimeter supported safety systems to assist with nominal operations and off-nominal operations (unintentional terrain closure due to wind shear[footnoteRef:4] events associated with convective weather or the loss of an engine)[footnoteRef:5]. [4:  Wind shear is a change in wind speed and/or direction over a short distance. ]  [5:  A wind shear event or engine failure may cause an aircraft to encounter a position that is not in the nominal flight path that is near collision with terrain or obstacles (terrain closure).] 


ITU-R studies should consider, among others, worst-case off-nominal approach and departure flight conditions with a minimum separation distance (MSD) scenario from an IMT base station. 

· The MSD is 11 m (35 ft) when the aircraft altitude is less than or equal to 153 m (500 ft).
· The MSD follows a linear expansion from 11 to 17 m (35 to 55 ft) when the aircraft altitude is between 153 and 305 m (500 and 1000 ft). 
· The MSD is 5.5% of the aircraft altitude when the aircraft altitude is greater than or equal to 305 m (1000 ft).

ITU-R studies involving radio altimeters should consider scenarios that include all altitudes that aircraft operate, from ground level up through the operational altitudes[footnoteRef:6] listed in ITU-R Recommendation M.2059-0, Annex 3, Tables 1 and 2.  For nominal scenarios the aircraft altitudes 0, 31, 61, 153, 305, 610, 1524, 4877, and 12000 m (0, 100, 200, 500, 1000, 2000, 5000, 16000, and 39370 ft) should be considered. [6:  Use of the operational altitude is important because all radio altimeters continually operate during all phases of flight and radio altimeters are vulnerable to detection of interferers as false altitudes.
] 


ITU-R studies should also consider the separation distance(s) from an IMT base station where the protection criteria of M.2059 is exceed for representative IMT deployment characteristics.

ITU-R STUDIES INVOLVING WIRELESS AVIONICS INTRA COMMUNICATIONS (WAIC)

WAIC Background

WAIC systems provide safety related wireless communication between two points onboard a single aircraft.  WAIC systems do not provide air-to-ground, air-to-satellite or air-to-air communications and are only used for aircraft communications involving safety and regularity of flight, allowing greater flexibility and redundancy to the existing internal aircraft wiring.  One example of WAIC systems is to provide sensor information used to monitor the health of an aircraft structure and critical systems, and to communicate this information to a central onboard entity.  

WAIC Technical Parameters

ICAO is in the process of publishing WAIC standards and recommended practices (SARPS) to be contained in ICAO Annex 10 to the Convention on International Civil Aviation. The draft WAIC SARPs specify that WAIC receivers shall tolerate interference from sources operating outside of the frequency band 4 200 – 4 400 MHz whose total combined emitted power falling within the frequency band 4 200 – 4 400 MHz does not exceed a power spectral density of ‐120 dBm/MHz as measured at the receiver input port. The draft WAIC SARPs also specify that WAIC receivers shall tolerate interference from sources operating outside of the frequency band 4 200 – 4 400 MHz whose total combined power as measured at the receiver does not exceed -20 dBm.

WAIC Operational Scenarios

The operational scenarios specified for radio altimeters should also be considered for WAIC.

STUDIES WITH AERONAUTICAL SAFETY OF LIFE SYSTEMS

Aviation Safety Margin

ICAO recommends an aviation safety margin of not less than 6 dB to be included in ITU-R studies.

 “Aeronautical safety applications are required to have continued operation through worst case interference, so all factors which contribute to harmful interference should be considered in analyses involving those applications. An aviation safety margin is included in order to address the risk that some such factors cannot be foreseen (for example impacts of differing modulation schemes). This margin is applied to the system protection criteria to increase the operational assurances to the required level. Traditionally for aviation systems/scenarios an aviation safety margin of 6–10 dB is applied. Until established on the basis of further study on a case-by-case basis, an aviation safety margin of not less than 6 dB should be applied.”  [footnoteRef:7] [7:  ICAO Document 9718 - ICAO Handbook on Radio Frequency Spectrum Requirements for Civil Aviation, Section 9.2.23 of Volume I, 2nd Edition.] 
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