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The MIDANPIRG/19 meeting held in Riyadh, Saudi Arabia from 14 to 17 February 2022 was apprised of the

ICAO State Letter (dated 25 March 2021) on the potential impact of 5G on radio altimeters in the MID Region.

The meeting also acknowledged the safety concerns and potential operational impacts. Based on WP/62

presented by IATA; and WP/69 and PPT/71 presented by Saudi Arabia, the meeting agreed to:

• update the Frequency Management Working Group Terms of Reference to include tasks related to the
issue of 5G & Radio Altimeter interferences.

• establish a Radio Altimeter (RADALT) Action Group (AG) to develop guidance material to protect aircraft
operations from potential Radio Altimeter interference (MIDANPIRG DECISION 19/23).

• task the CNS SG to coordinate with the RASG-MID relevant subsidiary bodies the 5G Safeguarding 

measures around the aerodromes to protect RADALT from any interference. (MIDANPIRG DECISION 

19/24) 

https://www.icao.int/MID/MIDANPIRG/Documents/MID19%20and%20RASGMID9/Final%20Report%20Full.pdf – Page 53

Radio Altimeter (RADALT) Action Group (AG)

https://www.icao.int/MID/MIDANPIRG/Documents/MID19%20and%20RASGMID9/Final%20Report%20Full.pdf
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Guidance on Safeguarding measures to protect Radio Altimeter from potential
harmful interference from Cellular 5G Communications
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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 1: Background on 5 G and frequency band allocation

This chapter describes the working arrangements and
regulatory framework managed by Radio communications
sector of the International Telecommunications Union for the
allocations of radiofrequency (RF) spectrum and adoption of
radio regulation. It also provides an overview on the current
allocations of 5G at global level including in the Middle East

 
The shaded part represents the Tropical Zones 

 
Source: Roadmaps for awarding 5G spectrum in the MENA region – GSMA Document, January 2022 

The proximity of 5G frequencies from RADLT frequency
band is also covered with reference to note Article 4.10 of
the ITU Radio Regulations which states, “ITU Member
States recognize that the safety aspects of radionavigation
and other safety services require special measures to
ensure their freedom from harmful interference.”
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Chapter 2: Potential impacts of 5G on Radio Altimeters during
aircraft operations
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Chapter 2: Potential impacts of 5G on Radio Altimeters during
aircraft operations

• Continuous-wave of LFMCW (Linear Frequency Modulation Continuous Wave) or FMCW Radio altimeters 
(Frequency Modulated Carrier Wave); and

• Pulsed modulation.
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Chapter 2: Potential impacts of 5G on Radio Altimeters during
aircraft operations

Specific Operational Impacts on Aircraft

Radio Altimeter Failure Operational Impact Flight Phase Severity

Undetected Erroneous Altitude Just prior to touchdown, the aircraft performs a flare maneuver to avoid a hard landing. The flare may be

performed manually by the flight crew, using auditory callouts of radio altimeter readings, if sufficient

visibility is available. In low-visibility conditions, the flare may be controlled by an auto-land function.

Erroneous radio altimeter readings in either case can result in the potential for CFIT with little or no time

for the flight crew to react.

Landing – Flare Catastrophic

Undetected Erroneous Altitude Erroneous input to the AFGCS affects aircraft attitude commands and altitude, as well as flight control

protection mechanisms

All Phases of Flight Catastrophic

Unanticipated NCD Undetected loss of PWS display to flight crew, preventing awareness of wind shear impact to vertical

profile in front of the aircraft

Landing Hazardous/Severe 

Major
Unanticipated NCD Undetected loss of TCAS/ACAS inhibition near the ground, leading to potential erroneous descent

advisory alert and associated possibility of CFIT in low-visibility conditions

Approach, Landing, 

Takeoff

Hazardous/Severe 

Major
Undetected Erroneous Altitude Erroneous triggering of TAWS reactive terrain avoidance maneuver, forcing mandatory response from 

flight crew and leading to potential traffic conflicts in surrounding airspace

Approach, Landing, 

Takeoff

Major

Unanticipated NCD Aircraft landing guidance flight control laws violated leading to unnecessary missed approach and go-

around, jeopardizing safety of surrounding airspace

Approach, Landing Major

Unanticipated NCD Loss of capability to perform approach and landing in low-visibility conditions (Category II/III approach),

leading to unnecessary diversion and jeopardizing safety of surrounding airspace

Approach, Landing Hazardous/Severe 

Major
Unanticipated NCD Loss of capability to warn flight crew in case of excessive aircraft descent rate or excessive terrain closure

rate (TAWS Mode 1 and 2 alert protection not active)

All Phases of Flight Major

Unanticipated NCD Loss of capability to warn flight crew of potentially dangerous loss of height after takeoff (TAWS Mode 3

alert protection not active)

Takeoff, Go-around Major

Unanticipated NCD Loss of capability to warn flight crew of potentially dangerous aircraft configuration—e.g., landing gear,

slats, flaps—based on height above terrain (TAWS Mode 4 alert protection not active)

Landing Major

Unanticipated NCD Loss of capability to warn flight crew that aircraft is dangerously below glide path during precision

instrument approach (TAWS Mode 5 alert protection not active)

Landing Major
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Chapter 3 – Short Term Safeguarding measures adopted at regional
and global levels /Long Term Planning

Measures adopted by States, 

Regional Organizations & SDOs 

Oman

Australia

France

United States

United Kingdom

UAE

KSA

Japan
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Chapter 3 – Short Term Safeguarding measures adopted at regional
and global levels /Long Term Planning
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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: Overview on the Contents
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Three primary electromagnetic interference coupling
mechanisms between radio altimeters and interfering
signals from other transmitters

Methodologies for defining safeguarding measures for aerodromes
& heliports: Overview on the Contents 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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Methodologies for defining safeguarding measures for aerodromes
& heliports: Overview on methodology for RADALT protection



15

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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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.

𝑃𝑅𝑥=𝑃𝑇𝑥+ 𝐺𝑇𝑥+𝐴𝐹𝑇𝑥−𝐹𝑆𝑃𝐿+𝐺𝑅𝑥+𝑅𝑥𝑅𝑒𝑗−𝐹𝐿𝑅𝑥+𝑆𝑀

After re-arranging the above equation, it can be re-written as follow: 

𝐷𝐾𝑀=𝟏𝟎(
𝑷𝑻𝒙+𝑮𝑻𝒙+𝑨𝑭𝑻𝒙+𝑮𝑹𝒙+𝑹𝒙𝑹𝒆𝒋−𝑭𝑳𝑹𝒙−𝟑𝟐.𝟒 𝟐𝟎 𝑳𝒐𝒈 (𝑭𝑴𝑯𝒛)+𝑺𝑴

𝟐𝟎
)

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 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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Adaptation of ICAO MID 5G Guidance

Development of Proposal for
Protection areas around aerodrome
and heliports

Fares ALZAHRANI

RADALT AG Team member (GACA-KSA)
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The Communications, Space, and Technology (CST) commission has authorized the n77 frequency band
(3700-4000 MHz) for IMT fifth-generation New Radio (5Gnr) IMT services in the Kingdom of Saudi Arabia

Due to concerns raised around potential interference between 5G deployment and RADALT, the CST
commission initiated a study to evaluate such risk and devise a mitigation plan considering ICAO MID 5G
Guidance. Such plan comprises two main phases:

namely interim operation phase with imposed precautionary protection around airport runways
and heliports, and
permanent operation phase based on t he outcome of a detailed scientific test and measurement
campaign and considering adopted specifications and standards at global level (ITU and ICAO).

The CST Spectrum Advisory Group (SGA) was instructed by the national frequency allocation committee
to perform a technical study and provide recommendations for recommended protection criteria to be
enforced in the Kingdom of Saudi Arabia during the interim operation phase, enabling the national roll-
out of 5Gnr services in the newly allocated C-band frequencies.

Approach used to protect RADALT during 5G roll-out
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5G Emissions and RadAlt Receiver Assumptions

The ASPWG contacted several original equipment manufacturers (OEM) of the 5G equipment expected to

be deployed in the kingdom.

The ASPWG considered Generic expected specifications and design information and publicly available

measured data supplied by U.S. Department of Commerce National Telecommunications and Information

Administration (NTIA). Most of the technical parameters assumed in the interim study was based on

analysis and measurements presented in the NTIA.
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5G Emissions and RadAlt Receiver Assumptions

In accordance with the 3GPP standard and confirmed with measurements by NTIA, the maximum
boresight gain from a 5G 64T64R adaptive MIMO antenna array was assumed to be 24.5 dBi.

A total channel power of 200 watts generated by the 5G base station transmitter is assumed

A channel bandwidth of 100 MHz was found to be the standard operating mode for such 5G installation

A maximum power spectral density (PSD) of +57.5 dBm/MHz is assumed to be upper limit of emission by
the 5G transmit antenna array at the boresight direction.

To account for worst case scenarios where the boresight

gain of the antenna would be pointed directly at a low-

level flying airplane during landing procedure, the

maximum gain of the 5G base station antenna was used in

the calculations.
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Measured emission spectrum of a typical 5G base
station (NTIA Report)

RadAlt antenna radiation pattern 
measurements (NTIA Report) 

Technical specifications and measured data of RADALT
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Factors considered in the study

Nature of front-end filtering and selection of the low noise amplifiers (LNA) at the front end of the radar

ITU Recommendation ITU-R M.2059 [2] regulates the operational and technical characteristics of radio 
altimeters, the level of front-end filtering applied by RadAlt manufacturers

The ITU-R M.2059 [2], out-of-band interference was given a lot of attention in this study due to the nature 
of the high-level of EIRP emitted by the 5G base stations in the allocated upper C-band frequency range, 
which is relatively close to the 4200-4400 MHz band.  The most critical of such OOB interference is the 
receiver blocking requirements

The ITU-R M.2059 [2] recommendation gives blocking specifications for several typical radio altimeters. It 
gives a worst-case blocking specification of -56 dBm at the RadAlt receiver
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Fixed-Wing Aircraft Landing Scenario
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Fixed-Wing Aircraft Landing Scenario
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Depression and elevation angles initial results 

Close to full boresight gain from 5G base station 
antenna can illuminate the aircraft during landing 
procedure if no tilt-down assumption was made

The RadAlt antenna gain is not more than -5 dBi at
such angles
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OOB interference power from the 5G

The calculations of the total OOB interference 
power from the 5G intentional emissions in the 
allocated frequency band reaching the front 
end of the RadAlt receiver. The Figure shows 
plots of the power at the RadAlt receiver 
expected to be caused by the various base 
station locations.

The assumed worst-case scenario 5G base
station emissions can theoretically create a
receiver blocking interference. The above
computation was repeated for several lower
EIRP emissions from 5G base stations.

It was found that a regulated lower
power spectral density of 45 dBm/MHz
can be a good strategy for the interim
phase
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OOB interference power at RadAlt receiver (45 dBm/MHz protection).

The 45 dBm/MHz protection can
greatly reduce the probability of
interference power exceeding receiver
blocking specification for worst-case
RadAlt specification if no 5G base
stations are within 2000 meters from
runway threshold

Recommended protection areas
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Recommended exclusion and protection zones (45 dBm/MHz)
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Recommended exclusion and protection zones (45 dBm/MHz)
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Rotary-Wing Aircraft (Helicopter) Landing Scenario

Helicopter operations are low level operations and require constant interaction between pilot and flight

systems.

Normal landing approach in a helicopter case starts much closer to the ground (under 500 ft) and follows a

descent angle between 7 and 12 degrees.

A shallow approach follows a glide angle of 3 to 5 degrees, whereas a steep approach follows an angle of 13

to 15 degrees. All abnormal approach procedures are highly manual and require good visibility conditions.

Although during emergencies and medical evacuation it is expected that helicopter can land in non-

designated area and in close proximity to base station transmitter, taking such scenarios in this study is

unrealistic and other means and measures of safety precautions must be considered.
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The 5G base station locations
considered in the simulation were
distributed alongside the approach line
to a heliport with constant separations.
20-meter base station antenna heights
were assumed
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The depression and elevation angles
during such approach, angles were
computed for nearest and furthest
base stations from an aircraft
altitude of 1000 ft until touchdown
during normal landing procedure

Depression and elevation angles

A depression angle of less than 10
degrees should be assumed for the line-
of-sight between RadAlt antenna and
base station antenna. The RadAlt
antenna gain in such case is always
below 0 dBi. The base station antenna
gain, on the other hand, is greatly
reduced at such greater angles.
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Assuming a maximum emitted power
spectral density of 45 dBm/MHz and
antenna radiation pattern modes that
points the emitted energy below horizon,
it was found that an exclusion zone of 500
meter from Heliport boundary and a
protection zone of 2000 meters from
Heliport boundary is sufficient during the
interim deployment phase

Proposal for protection areas around heliports
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