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Chapter 4 - Methodologies for defining safeguarding measures for
aerodromes & heliports: Main references used
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Radio-altimeter antenna beam is modeled
based on the antenna pattern formula
provided in this report
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Chapter 4 - Methodologies for defining safeguarding measures for
aerodromes & heliports: Overview on the Contents
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Chapter 4 - Methodologies for defining safeguarding measures for
aerodromes & heliports: Introduction
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Three primary electromagnetic interference coupling
mechanisms between radio altimeters and interfering
signals from other transmitters

Chapter 4 - Methodologies for defining safeguarding measures for
aerodromes & heliports: Introduction Cont’d

step

Desensitization
Receiver desensitization 
which is the common I/N 
protection criteria of -6dB 

02
Criteria

False Altitude 
Generation:
the False altitude reports 
which are defined by -143 
dBm/100 Hz (–143 dBm
considering 100 Hz detector 
bandwidth 

03
Criteria

Receiver overload:
Receiver front-end 
overload where the 
value depends on each 
radio altimeters type 

01
Criteria

Compatibility studies and protection criteria
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Chapter 4 - Methodologies for defining safeguarding measures for
aerodromes & heliports: Overview on Section 4.2
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General approach and Main considerations 
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ICAO recommends to consider the following 
parameters when performing the analysis:

The air-to-ground 

propagation model 

(Recommendation ITU-R 

P.528-427 )

The aircraft can have a 

maximum roll of up to +/-30 

degrees from the horizontal 

in all directions,

• The base station is located at (0,0,0); 
• The aircraft is flying along a horizontal path defined 

by the coordinates (0, ya, ha). The altitude ha of the 
aircraft is fixed, so that its position varies along the 
axis y only; 

• The radio-altimeter antenna beam is modeled based 
on the antenna pattern formula available in Report 
ITU-R M.231928 (§A-3.1.1). 

General approach and Main considerations Cont’d
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Main activities to define protection criteria
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Main activities to define protection criteria Cont’d

protection 
criteria 

Scientific Study

Conduct a detailed scientific technical

study including simulations, and lab

experiments

International activities

summarizing the main findings of the

international work. he results and

recommendations will be used as temporary

and interim measures to protect the radio

altimeters

Stakeholders

The spectrum and aviation regulators

should share the detailed report

summarizing the main findings of scientific

studies and lab experiments with all

stakeholders;

Update

The protection criteria will be updated

according to the reported findings of

scientific studies and lab experiments.

Field Trial and update

The research project team, in

coordination with national spectrum and

aviation regulators should perform a field

trial. the protection criteria should be

updated based on the reported findings

of field trials.

To identify the protection criteria for RADALT
systems from the 5G networks, the regulators
should perform the following approach is
proposed for joint activities by relevant national
spectrum and aviation regulatory authorities:
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Recommended methodology for the technical study 
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Recommended methodology for the technical study Cont’d

The UK presented a study at FSMP-Working Group (WG)/11 WP/27 outlining a methodology
which could be used to assess the impact of 5G on RADALT. It investigates the potential
interference from 5G base stations operating in the frequency range 3.6-4.2 GHz into radio
altimeters under various scenarios

01

02

03

04

The study does not consider the impact of active antenna systems due to

modelling difficulties and user equipment as the power levels are

significantly lower and therefore presumed not to be a threat.

The study considers the separation distance relative to the mobile base

station’s antenna required between a rural mobile base station and an

aircraft in flight level flight, as illustrated in the next Figure.

𝑃𝑃𝑅𝑅𝑥𝑥=𝑃𝑃𝑇𝑇𝑥𝑥+ 𝐺𝐺𝑇𝑇𝑥𝑥+𝐴𝐴𝐹𝐹𝑇𝑇𝑥𝑥−𝐹𝐹𝑆𝑆𝑃𝑃𝐿𝐿+𝐺𝐺𝑅𝑅𝑥𝑥+𝑅𝑅𝑥𝑥𝑅𝑅𝑒𝑒𝑗𝑗−𝐹𝐹𝐿𝐿𝑅𝑅𝑥𝑥+𝑆𝑆𝑀𝑀
After re-arranging the above equation, it can be re-written as follow: 

𝐷𝐷𝐾𝐾𝑀𝑀=𝟏𝟏𝟏𝟏(𝑷𝑷𝑷𝑷𝑷𝑷+𝑮𝑮𝑷𝑷𝑷𝑷+𝑨𝑨𝑨𝑨𝑷𝑷𝑷𝑷+𝑮𝑮𝑮𝑮𝑷𝑷+𝑮𝑮𝑷𝑷𝑮𝑮𝑹𝑹𝑹𝑹−𝑨𝑨𝑭𝑭𝑮𝑮𝑷𝑷−𝟑𝟑𝟑𝟑.𝟒𝟒 𝟑𝟑𝟏𝟏 𝑭𝑭𝑳𝑳𝑳𝑳 (𝑨𝑨𝑭𝑭𝑭𝑭𝑭𝑭)+𝑺𝑺𝑭𝑭
𝟑𝟑𝟏𝟏 )

For each angle during the approach of an aircraft, the required separation

distance is calculated using the following ITU formula assuming free space

path loss:

Where: 
PRx = Power received (assumed to be the receiver overload threshold) 
PTx = Mobile base station power supplied to the antenna port 
GTx = Gain of the mobile base station antenna in the direction of the aircraft 
AFTx = Transmitter activity factor 
FSPL = Free space path loss (=32.4+20log(FMHz)+20Log(Dkm) 
FMHz = Frequency 
Dkm = Separation distance 
GRx = Gain of the radio altimeter antenna in the direction of the mobile base station 
RxRej = Adjacent channel rejection of the radio altimeter receiver 
FLRx = Feeder loss in the radio altimeter 
SM = Safety margin (assumed to be 6dB) 

Having established the above baseline scenario, the following variations in the baseline scenario should be 
investigated for radio altimeters A1 and A3 taken from Recommendation ITU-R M.2059.
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Recommended methodology for the technical study Cont’d

Sample of calculation: Separation distance btw a BS and RADALT
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Recommended methodology for the technical study Cont’d

The following parameters should be considered in the study:

1

Pitch/Roll 

The impact of the aircraft

pitching/rolling by 15°, 30°,

45° towards the mobile

base station antenna.

2

Mobile Antenna Height & 
Tilt

Variations in the height and

down tilt angle of the

mobile base station for

urban (25m & 6°) and

suburban masts (20m & 10°)

and this is based on

3

Aggregate Effects

The level of aggregate

interference that should be

applied assuming a standard

rural macro deployment

scenario taken from

Recommendation ITU-R M.2101

&Report ITU-R M.2292

4

Radio Altimeter Receiver 
Frequency Dependent Rejection

Use the frequency dependent

rejection at 3.75 GHz based on

ITU-R M.2059 assuming the

octave is based on the size of the

frequency band & band edge

frequency, radio regulatory

guidance, RTCA worst case

measured results.
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Recommended Safeguarding and Interference Mitigation Measures
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Recommended Safeguarding and Interference Mitigation
Measures: Sample of protection zones

 
Note: This illustration is for guidance on the protection zones at an aerodrome. The green area is defined 
as buffer zone that depends on the location of BS and several other factors. 
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5G Devices used on board
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Joint activities btw CAA
and TRA
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Chapter 4 - Methodologies for defining safeguarding measures for
aerodromes & heliports

Q & A
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