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0 EXECUTIVE SUMMARY

This ECC Report examines earth stations operating in the vicinity of aircraft and their ability to comply with
high intensity radiated field (HIRF) levels established by the European Aviation Safety Agency (EASA) to
protect aircraft safety systems. The HIRF protection criteria used for the analysis have been provided and
verified by EASA as relevant to all civil aircraft (fixed and rotor-wing) in operation today and having systems
on board which could be affected by high HIRF levels. This includes older aircraft which have been modified
to incorporate safety equipment which could be affected by satellite earth station transmissions since such
older aircraft would have to be re-certified to comply with the EASA HIRF requirements. The ECC Report
also confirms that military aircraft are able to sustain higher HIRF levels than the values provided by EASA
for civil aircraft. Therefore, the conclusions of this ECC Report are applicable to all military aircraft as well.

EASA also provided the ECC with the HIRF calculation methodology and assumptions regarding minimum
separation distances between transmitters and aircraft that were used by aviation airworthiness authorities to
establish the relevant aircraft HIRF protection criteria. The elements provided by EASA were used in this
ECC Report to calculate earth station e.i.r.p levels (as specified in Table 1) for various earth station
deployments communicating with GSO or NGSO satellites, for which it can be concluded that there will be no
impact to the aeronautical safety of aircraft during any phase of the flight (take off, landing, cruising, taxiing).
Consequently, no restrictions on operations in the proximity of or within airfieldsl are required for earth
stations complying with the e.i.r.p. levels specified in Table 1 below.

Table 1: Maximum Earth station e.i.r.p. levels to ensure compliance with aircraft HIRF protection
criteria

Maximum e.i.r.p. levels (dBW)

Earth station deployment type
4-6 GHz 12-18 GHz | 18-40 GHz

Earth station on board aircraft located within airport premises 59.0 60.5 58.4
Earth stations in a fixed location within airport premises 67.0 68.4 66.4
Land mobile earth stations located within airport premises 53.0 54.5 52.4

Fixed earth stations or mobile earth stations on land within a
wedge shaped area originating at the departure and arrival end

of the runway and extending for 3 nautical miles from the runway 73.0 74.5 2.4
over which aircraft would normally track**

Fixed earth stations or land mobile earth stations operating with

NGSO satellites located outside the wedge shaped area 79.0 80.5 78.4

extending for 3 nautical miles from the runway of an airfield over
which aircraft would normally track**

Fixed earth stations or land mobile earth stations operating with
GSO satellites located outside the wedge shaped area extending
for 3 nautical miles from the runway of an airfield over which
aircraft would normally track**

Earth station on vessels 79.0 80.5 78.4

80.7-93.0* | 82.2-94.5* | 80.2-92.4*

Earth stations on board aircraft in flight 73 74.5 72.4

NOTE 1: For satellite earth stations operating within TDMA networks, the above e.i.r.p values shall be respected after taking into
consideration the duty cycle (see section 3.3 and 3.4).
* e.i.r.p values are dependent on earth station latitude (see section 3.4.6)

! Airfield: in the context of this Report covers both, airport and helipads.
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** the width of the wedge shaped area originating at the departure and arrival end of the runway and extending for 3 nm from the
runway over which aircraft would normally track depends on the airfield and is determined by the airport authority

NOTE 2: In the context of this Report, the term “Mobile” refers to the definition in section 3.1.1 of the FAA Report and it relates to earth
stations that are not operated in a fixed location
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1 INTRODUCTION

There are different ECC decisions related to exemption from individual licensing (and harmonised use) of
satellite equipment operating in different frequency bands. The location of operation of the individual satellite
terminals covered by such ECC decisions is normally not known to the regulatory authority. When these
satellite terminals operate in the vicinity of aircraft, it needs to be ensured that the electric field produced at
the aircraft would not exceed the aircraft protection criteria (HIRF criteria).

As CEPT is not a competent body to establish conditions on aeronautical safety aspects, ECC asked
assistance from the European Aviation Safety Agency (EASA). EASA provided the ECC with the current
aircraft HIRF protection criteria as well as the assumptions and methodology to calculate the electric field
strength produced at the aircraft for various earth station deployment scenarios. These assumptions were
based on an analysis by the aviation airworthiness authorities of the HIRF environment an aircraft could
encounter and were deemed by the aviation airworthiness authorities to be sufficient to ensure protection of
aircraft from HIRF sources.

Based on the information provided by EASA, this ECC report calculates the e.i.r.p levels for various earth
station deployment scenarios for which there is no impact on the safety of aircraft.

ECC Report 066 “Protection of aircraft from satellite earth station operating on the ground in the vicinity of
airfields”, published in 2005 has been withdrawn and replaced by this ECC Report since EASA noted that
the aircraft HIRF protection criteria (20 V/m) used as basis of Report 066 is not the appropriate criteria for
aircraft protection and the methodologies and parameters used in Report 066 do not correspond to the ones
established by aviation regulatory bodies for HIRF calculations. Furthermore, EASA indicated that aircraft
built before 1988 were not susceptible to safety issues regarding HIRF environment. The reason for that is
that before that date, electronic systems that could be affected by HIRF environment were not used in safety
critical functions.
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2 AERONAUTICAL REGULATION RELEVANT TO HIRF

21 GENERAL METHODOLOGY

The methodology and assumptions for the calculation of HIRF levels between aircraft and transmitters are
defined in the document ED-107A “Guide to Certification of Aircraft in a High-Intensity Radiated Field (HIRF)
Environment” [1] (henceforth ED-107A) and were originally harmonised with FAA in 1998 and reflected in the
report DOT/FAA/AR-98/69 “High Intensity Radiated Field External Environments for Civil Aircraft Operating
in the United States of America” [2] (henceforth FAA Report).

In fact, as mentioned in ED-107A, the FAA Report is a complementary document that provides further
information on the development of the HIRF environment. For instance, the assumptions for aircraft
(airplanes and helicopters) exposure scenarios used for calculation of the HIRF environment have been
extracted from the FAA Report.

As indicated in the ED-107A, it took several years for the airworthiness authorities of Europe and the United
States to develop detailed models of the electromagnetic field strength environments which aircraft might
encounter during their operation. These environments were divided into airport, non-airport ground,
shipboard, off-shore platform and air-to-air environment and took into consideration all transmitters (including
satellite earth stations) that contribute to the aircraft electromagnetic environment in the frequency range
from 10 kHz to 40 GHz.

ED-107A also establishes the assumptions for minimum separation distances between any transmitter and
aircraft for the aforementioned environments. Using such minimum separation distance, the maximum field
strength level produced by the identified transmitters at the specified separation distance was calculated,
based on which the required immunity level of aircraft equipment was established. This immunity level is now
used for the certification of all aircraft based on ED-107A to ensure that there is no impact to aircraft
equipment when the aircraft is exposed to the established field strength levels.

For the purposes of this Report, the following elements established by the European and United States
airworthiness bodies during their analysis are replicated to calculate the HIRF levels produced at the aircraft
by satellite earth station transmitters:

= The immunity level of aircraft (see section 2.2);

= The assumptions for minimum separation distances between transmitters and aircraft for various
environments (see section 2.3);

= The HIRF calculation methodology indicated in ED-107A and FAA Report (see section 3).

Calculations in the ED-107A and FAA Report consider illumination by only one transmitter at a time to
produce the HIRF protection criteria for a certain environment. This assumption was considered sufficient by
airworthiness authorities as it was validated by simulations and actual flight test measurements. Further,
there has been no indication that the methodology or the above assumptions considered for minimum
separation distances and immunity levels would not be sufficient, as there have been no safety issues linked
to HIRF events for the past 30 years. Consequently, this ECC Report has been developed following the
methodology of ED-107A and FAA Report and only considers HIRF levels produced at the aircraft by one
earth station.

2.2 IMMUNITY LEVEL OF AIRCRAFT EQUIPMENT

The correspondence between CEPT and EASA [3] indicated that the current HIRF certification environment

for the protection of aircraft (fixed winged aircraft and rotorcraft) is established in the following regulations:

=  FAA: FAR 23.1308, 25.1317, 27/29.1317 published in September 2007 [4](adoption of HIRF NPRM) and
associated AC 20-158A [5];

= EASA: Certification Specification 23.1308 [6], 25.1317 [7] July 2015, 27.1317 [8], 29.1317 [9] November
2016 and AMC 20-158 [10].
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EASA noted that in order to determine a maximum e.i.r.p. level for an earth station, a conservative approach
should be applied in order to keep safety margins to maintain the HIRF levels generated by the transmitters
below the threshold of equipment susceptibility. For such purpose, HIRF Environment Il in Annex IIl, Table 3
of AC 20-158 should be used as this is the environment with the lowest HIRF levels and ensures that critical
functions are maintained for all the systems. The applicable C, Ku and Ka-bands frequency field strength
limits have been indicated in

Table 2 below.

Table 2: HIRF environment Il from AMC 20-158 for C, Ku and Ka frequency ranges

Field Strength (V/m)

Frequency range

Average
4 GHz - 6 GHz 3000 160
6 GHz - 8 GHz® | 400 170
12 GHz -18 GHz | 730 190
18 GHz - 40 GHz | 600 150

EASA indicated that the average HIRF field strength values for the protection of aircraft (i.e. 160, 170, 190
and 150 V/m for 4-6 GHz, 6-8 GHz, 12-18 GHz and 18-40 GHz respectively) in

Table 2 shall be used in order to determine the acceptable e.i.r.p. levels for operation of satellite transmitters
in the vicinity of aircraft. The concepts of peak and average field strength values are defined in section 3.1.1
of the FAA Report [2] as follows:

= The peak field strength is based on the maximum power level of the transmitter and antenna gain for the
frequency range;

= The average field strength is based on the maximum average field strength (peak output power of the
transmitter times the maximum duty cycle times the antenna gain) for the frequency range. However, the
FAA Report indicates that duty cycle is only taken into consideration for pulsed transmitters.

The application of duty cycle in the context of this ECC Report is further explored in section 3.3 below.

EASA confirmed that the above HIRF field strength values protect the aeronautical safety of all aircraft (fixed
wing and rotorcraft) having systems on board which could be affected by high HIRF levels. This includes
legacy aircraft in operation before adoption of special HIRF conditions in 1988, since such aircraft were not
susceptible to safety issues regarding HIRF environment. Before this date, electronic systems that could be
affected by HIRF environment were not used in safety critical functions. Following the adoption of HIRF
special conditions in 1988, any aircraft updated with new onboard electronic safety system is subject to HIRF
certification.

In addition, CEPT liaised with NATO [11] and received confirmation that military aircraft protection limits are
higher than presented in Table 3 of AC 20-158: HIRF environment Il [10]. Therefore, military aircraft are able
to sustain the HIRF environment acceptable to civil aircraft as noted in Table 2 above. For reference, CEPT
was advised that the HIRF protection limits for military aircraft are defined in Table 258-3B of NATO Air
Operations EME Field Strength Levels of 83.3.3 NATO Air EME of the AECTP 250 Leaflet 258 [12].

2 In the rest of the document the most conservative value was used for the C band, ie 160V/m for 4-6 GHz. The same conditions and
results apply for 6-8 GHz band.
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2.3 MINIMUM DISTANCE BETWEEN AIRCRAFT AND TRANSMITTERS

CEPT's correspondence with EASA indicated that the assumptions for the minimum separation distances
between aircraft and transmitters in various environments are indicated in Section 3.5.1 of ED-107A [1].
EASA also confirmed that the minimum separation distances between transmitters and aircraft used to
calculate the HIRF levels are applicable for all stages of the flight (take off, landing, cruising, taxiing). The
relevant distances and environments are reproduced below and apply for both, airports and helipads:

= For transmitters on board aircraft the minimum separation distance from another aircraft within airport
premises is 50 feet (15.24 m) direct range. For earth stations on board aircraft this distance has been
extended to 100 feet (30.48 m)s. For flight phase, the minimum separation distance between aircraft is
500 feet (150.24 m) direct range;

= For a mobile earth station (e.g. land ESIM) operated within airport premises, the minimum separation
distance from an aircraft is 50 feet (15.24 m) direct range;

= for an earth station in a fixed location within airport premises, the minimum separation distance from
an aircraft to be considered is 250 feet (76.2 m);

= for an earth station in a fixed location or mobile earth station (e.g. land ESIM) within a wedge
shaped area of airspace, originating at the departure and arrival end of the runway, over which aircraft
would normally track, and extending for 3 nautical miles (5.556 km) from the runway, the minimum
separation distance with an aircraft to be considered is 500 feet (150.24 m) slant range. The width of the
wedge shaped area originating at the departure and arrival end of the runway and extending for 3 nm
from the runway over which aircraft would normally track depends on the airfield and is determined by
the airport authorities;

= for an earth station in a fixed location or mobile earth station (e.g. land ESIM) outside the wedge
shaped area extending for 3 nautical miles (5.556 km) from a runaway, the slant range is calculated
using the maximum elevation angle for the antenna of the earth station, taking into account that aircraft
were assumed to be at a minimum flight altitude of 1000 feet (304.8 m) above local terrain, except for
take-off and landing, and avoiding all obstructions, including transmitters, as 1000 feet (304.8 m);

= For earth stations operated on vessels (e.g. ESVs, maritime ESIM) that are located in the vicinity of
airports, the minimum separation distance from an aircraft is 1000 feet (304.8 m) slant range.

In the context of the previous bullets and in general in this Report, the term “Mobile” refers to the definition in
section 3.1.1 of the FAA Report that relates to earth stations that are not operated in a fixed location.

Section 3.5.1 of ED-107A [1] and Section 3.1 of the FAA Report [2] indicate that the above separation
distances are applicable for both fixed winged aircraft and rotorcraft operation within the vicinity of airfields
(airports and heliports).

The above separation distances are indicated as either slant or direct ranges, which are defined in the FAA
Report as follows:

= Slant range: is the distance between the transmitters and the aircraft taking into account the aircraft
altitude and the maximum antenna elevation angle of the transmitter;

= Direct range: is the “line-of-sight” distance between the transmitter and the aircraft.

These concepts have been illustrated on Figure 1 below.

3 Further information on the determination of the 100 feet (30.48 m) distance is included in section 3.4.1
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500" Direct Range _
1000 Slant Range _Cr_/_/

\ 30 degrees
J elevation

I

Figure 1: lllustration of the concepts of direct and slant range
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3 HIRF CALCULATIONS FOR EARTH STATIONS

3.1 ANTENNA RADIATION REGIONS

The radiation from antennas is characterised as falling into one of several regions: a reactive near-field, a
radiative near-field region (Fresnel region), a transition region, and a far-field region (Fraunhofer region).
However, many references do not consider the transition region separately and consider the near-field as
extending all the way to the start of the far-field region.

While the power density in the far-field region decreases inversely with the square of the distance, the power
density in the near-field region is more complex. The calculations of power density in the far-field and
near-field region of an antenna are explained in the following section.

To properly evaluate the HIRF level, it is important to know which radiation region applies to the distance
considered so that the appropriate power density calculation formula can be used. The distance from the
antenna to the various radiation regions is a function of frequency and the antenna dimensions.

However, it is important to note that it is possible to use the HIRF level calculation formulas of the far-field
region for distances that fall within the near-field region of the antenna. This results in a simplified
methodology that can significantly overestimate the HIRF levels within the near-field region, but can be
advantageous since it does not require detailed knowledge of the antenna characteristics for the calculation.

For the purposes of this ECC Report only the far field approach was considered for the calculation of
maximum earth station e.i.r.p. levels for which there will be no impact to aeronautical safety (see section
3.4). This was considered practical for this Report as it was not possible to establish the full range of antenna
characteristics for earth stations operated by various satellite service providers and the resulting e.i.r.p
values can be easily met in the majority of cases by current earth station operation. However, if it is desired
to conduct a more refined analysis for specific earth stations that would exceed the e.i.r.p. values in this
Report, it is advised that both far-field and near-field calculations should be taken into consideration for
calculations, which would lead to less conservative results.

3.2 CALCULATION METHODOLOGY

Section 4.4 of the FAA Report [2] establishes the HIRF level calculation methodology. Two different
calculation methods are defined in the report: one for the far-field and the other for the near-field region
surrounding the transmitter. The applied calculation method depends on whether the distance indicated in
Section 3.3 is situated in the far-field or the near-field region of the transmitter.

3.2.1 Far-field region

In order for the aircraft to be in the far-field region of the transmitter, the criteria shown in Equation (1) needs
to be met:

2d3f
300

1)
where

= f —transmitter carrier frequency (in MHz);

= d —maximum antenna dimension (in metres);

= r —distance or range from antenna (in metres).

Once the aircraft has been determined to be in the far-field region of the transmitter antenna, Equation (2)
below can be used to determine the power density at the aircraft:
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_ PTG
4mr?

)

where

= P, — power density (in Watts/square metre);

= Pp —transmitter output power (in Watts);

= (G —antenna gain (unitless);

= r —distance or range from antenna (in metres);

= 1 —the constant pi (3.1415...);

= P;G - can also be defined as the e.i.r.p. of the transmitter (in Watts).

3.2.2 Near-field region

The near-field region surrounding the antenna does not have the same properties as the far-field region,
therefore antenna performance must be evaluated using special considerations.

The power densities in the near field are calculated using the far-field power density together with a near field
reduction factor y as shown in Equation (3)

PD = Préx (3)

4mr2

The near field reduction factor depends on the type of antenna aperture: rectangular, circular or linear.
Phased array antennas are treated as rectangular or circular aperture antennas depending on their shape.
For the purposes of this report, the earth station antennas under consideration would mainly have a circular
aperture, except for some asymmetrical phased array antennas used for earth stations on board aircraft,
which are mostly rectangular in shape. Therefore, the concepts related to the calculation of the near field
reduction factor for rectangular and circular apertures are introduced in section 3.2.2.1 and 3.2.2.2
respectively.

3.2.2.1 Rectangular apertures

Rectangular aperture antenna may not have the same vertical and horizontal axis illumination taper.
Therefore, the gain reduction for each axis is independently determined.

In order to calculate the gain reduction, the illumination distribution constants need to be determined based
on the following equation:

Iy = (58384 x 10™5) f B d @)

where

= ], —lllumination Distribution constant (unitless);

= d —largest dimension (in metres);

= f —transmitter carrier frequency (in MHz);

= B —beamwidth of antenna at the -3 dB point (in degrees).

Once the value of I; has been calculated, Table 3 and Table 4 can be used to determine the corresponding
illumination curve.
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Table 3: lllumination distribution for rectangular apertures

Limits of I; | Estimated illumination

0.088-1.2 Uniform

1.2-1.45 | Cos'
1.45-1.66 | Cos’
1.66 —1.93 | Cos®
1.93-2.03 | Cos”

Note: Cos’to Cos” are defined in Table 4

When [, is found to be overlapping the two orders of illumination, the higher value is used since the power
density in the near field will be greater and therefore, more conservative.

Next, the distance from the antenna must be normalised and divided by the far-field boundary for both,
h0r4izontal and vertical axes. The normalised distance for each axis is determined using Equations (5) and
(6)" below:

Ah_ dp2f (5)
300
A= ;sz (6)

where

= A, — horizontal axis normalized distance (unitless);
= r —separation distance or range (in metres);

= f —transmitter carrier frequency (in MHz);

= d, — horizontal axis dimension (in metres);

= A, —vertical axis normalized distance (unitless);

= d, - vertical axis dimension (in metres).

Using the axis illumination curve and the normalised distances for vertical and horizontal axes, the near field
gain reduction can be determined for each axis using Table 4. When Ah or Av is found to be between two
values, the higher value is used since the power density in the near field will be greater and therefore, more
conservative. It should be noted that in some cases in Table 4 there is a significant difference between the
resulting near-field reduction values of two adjacent Ah or Av. Should additional granularity be required, then
the illumination curves in the FAA Report can be used for guidance or the values in Table 4 can be
interpolated.

Table 4: Rectangular aperture near-field reduction (xypand yx,,)

Ap or A, | Uniform Cos' | Cos? | Cos® | Cos*

0.010 20.3 16.0 | 140 | 126 | 11.5
0.015 17.6 140 | 124 |11.0 |98
0.020 17.3 13.2 | 11.2 | 9.7 8.6

4 Equation 5 and Equation 6 have been modified from the original Equations 8 and 9 in section 4.4.2.2 of the FAA Report, since there
appears to be an error in the original formula — the ratio f/300 should be 300/ f instead.
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A, Or A, Uniform‘Cos1 Cos® | Cos® | Cos®’

0.025 15.3 12.2 | 10.2 | 8.8 7.8
0.030 15.3 114 | 9.5 8.0 7.0
0.035 14.4 10.8 | 8.8 7.4 6.4
0.040 14.2 10.2 | 8.2 6.8 5.8
0.050 13.0 9.2 7.2 5.8 4.8
0.060 12.4 8.4 6.6 5.0 4.0
0.070 12.0 7.6 5.8 4.4 3.4
0.080 10.4 7.0 5.3 3.8 2.8
0.090 9.3 6.6 4.7 3.4 2.4
0.100 9.2 6.1 4.2 3.0 21
0.150 10.0 4.3 2.6 1.6 1.2
0.200 7.0 3.0 1.6 0.9 0.6
0.250 5.2 2.0 11 0.6 0.4
0.300 4.0 15 0.8 0.4 0.3
0.350 3.0 11 0.6 0.2 0.2
0.400 2.2 0.8 0.4 0.2 0.2
0.500 1.8 0.5 0.2 0.0 0.0
0.600 15 0.4 0.2 0.0 0.0
0.700 1.1 0.2 0.1 0.0 0.0
0.800 0.8 0.2 0.0 0.0 0.0
0.900 0.6 0.1 0.0 0.0 0.0
1.000 0.3 0.0 0.0 0.0 0.0

Once the near field gain reduction factors for both, horizontal axis y; and vertical axis y, have been
determined based on Table 3, the sum of the gain reduction based on Equation (7) can be calculated.

_(xntxv)

x=10""%" )

The result of Equation (7) is consequently inserted into Equation (3) to obtain the power density. Once the
power density is established it can be converted into the electric field strength intensity using Equation (8):

E=(Py2)2 ®)

where

= E — Electric field strength intensity (Volts/metre);

= P,— Power Density (Watts/square metre);

= 7 — Impedance of free space (1201 or 377 Ohms).

3.2.2.2 Circular apertures

A similar process as for the rectangular aperture antennas above has been established for circular apertures
in the FAA Report [2]. The illumination distribution constant can be calculated based on the formula in
Equation (9) below



ECC REPORT 272 - Page 15

I, = (5.8384 x 107%) f B d, 9)

where

= [; —lllumination Distribution constant;

= d.— circular aperture diameter (in metres);

= f —transmitter carrier frequency (in MHz);

= B —beamwidth of antenna at the -3 dB points (in degrees).

Based on the calculated value of I;, the illumination distribution curve can be identified using Table 4. The
illumination distribution curves are defined in Table 5 and Table 6.

Table 5: lllumination distribution for circular aperture antenna

Limits of I; | Estimated illumination

1.02-1.27 Uniform
1.27 - 1.47 | (1-p9)*
1.47 -1.65 | (1-p9)°

1.65-1.81 | (1-p%°
Note: (1-p?) to (1-p°)° are defined in Table 6

Consequently, the distance from the antenna must be normalized by dividing it with the far-field boundary for
the given diameter of the circular aperture based on the formula in Equation (10)5.

A= 300 (10)

c— chzf

where

= A, —circular aperture normalized distance (unitless);
= r —separation distance or range (in metres);

= f —transmitter carrier frequency (in MHz);

= d, — circular aperture diameter (in meters).

The resulting gain reduction factor y,. can be established by using the illumination type and the normalised
distance using Table 5. When Ac is found to be between two values, the higher value is used since the
power density in the near field will be greater and therefore, more conservative. It should be noted that in
some cases in Table 6 there is a significant difference between the resulting near-field reduction values of
two adjacent Ac. Should additional granularity be required, then the illumination curves in the FAA Report
can be used for guidance or the values in Table 6 can be interpolated.

Table 6: Circular aperture reduction factor y,

A, ‘Uniform ‘ 1-p9 | 1-p%)° | (1-p%)°

0.01 | 26 27.7 59.0 103.5
0.02 | 26 28.1 59.2 102.5
0.03 | 26 30.1 59.4 102.0

° Equation 10 differs from the original Equation 14 in section 4.4.2.3 of the FAA Report [2], since there appears to be an error in the
original formula — the ratio £/300 should be 300/ f instead.
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A, ‘Uniform ‘ 1-pA | 1-p%)° | (1-p%)°

0.04 | 26 31.9 59.7 102.0
0.05 | 26 33.5 60.7 101.0
0.06 | 26 35.0 62.6 98.0
0.07 | 26 37.0 63.7 92.0
0.08 | 26 39.0 63.5 84.0
0.09 | 26 40.0 61.0 77.0
0.10 | 26 40.7 56.0 69.0
0.15 | 24 29.0 32.0 35.0
0.20 | 18 195 20.1 22.0
0.30 | 95 10.5 10.5 11.0
0.40 | 55 6.0 6.0 6.0
0.50 | 35 3.9 3.9 3.5
1.00 |1 1.0 1.0 1.0

In order to calculate the near-field power density, Equation (3) is used, with the modification that the value “r”
is set at the far field boundary; the resulting formula is shown as Equation (11)6 below.

2
PD — 300° PTG xc (11)

16 mdg f2
where
= P, — power density (in watts/square metre);
=  Pp —transmitter output power (in Watts);
= (G —antenna gain (unitless);
= xc — hear-field gain reduction factor (unitless);
= d.— circular aperture diameter (in metres);
= f —frequency of transmitter (in MHz);
= 1 —the constant pi (3.1415...);
= PG - can also be defined as the e.i.r.p. of the transmitter (in Watts).

The final step in the process is to convert the power density specified in Watts/metre” into the electric field
strength intensity, which can be done using Equation (8) noted in the section above:

E=(P,2)2 (12)

where

= FE — Electric field strength intensity (volts/metre);

= Pp,— Power Density (Watts/square metre);

= 7 — Impedance of free space (1201 or 377 ohms).

6 Equation 11 is different from the Equation 15 in section 4.4.2.3 of the FAA Report [2], as there appears to be an error in the FAA
Report — the variable”f” in the formula should be “f?” instead.
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3.2.3 Near-field analysis

As explained in section 4.4.8 of the FAA Report [2], there are illumination curves for which the near field may
actually increase when the separation distance between the transmitter and aircraft increases. This can
occur only for certain portions of some circular and rectangular curves and in this case, the worst case value
should be taken into consideration instead. Therefore, additional analysis is required when dealing with:

= Circular illumination curve (1-p)" and (1-p?)? for normalised distance values that are less than 0.1;
= Rectangular illumination curve "Uniform" for normalised distance values that are less than roughly 0.15.

This concept is illustrated in Figure 2 below for circular antennas. It can be seen that illumination curves
(1-p2)l and (1-p2)2 include a section where the level of field strength actually increases. The FAA Report can
be consulted for further information on this aspect.

110 ' — | —— S
- 3 L
100 _ T —(1-p7)
90 : N ———
N L
BO —
£ 7 - e L — T
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Figure 2: lllumination curves for circular antennas

3.3 DUTY CYCLE

Section 4.4.3 of the FAA Report indicates that average and peak power densities were used for all
transmitters to establish the HIRF levels for the protection of aircraft. For systems using AM, FM, or PCM
modulations, such as AM, FM, and TV broadcast, the peak power was set at the transmitters CW output
rating, and average power was set equal to peak power. However, for pulsed transmitters (e.g. radar
applications) equipment modulation characteristics are used. This is taken into consideration using the duty
cycle (or "duty"” when expressed in %) which can be expressed as follows:

Pry = PrpD (13)

where

=  Pp,— Transmitter average output (Watts);
= Prp - Transmitter peak output (Watts);

= D — Duty cycle (unitless, duty/100).

The FAA Report [2]further provides that in cases where duty cycle is not known the pulse width and pulse
repetition rate are used to determine the duty cycle:
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where

=  Ty— Transmitter pulse width (milliseconds);

= Fg- Transmitter pulse repetition frequency (kHz);
= D — Duty cycle (unitless).

According to section 2.2 of this document, the average HIRF immunity levels need to be used to determine
the acceptable e.i.r.p. levels for satellite transmitters in various environments. Therefore, for pulsed
transmitters the concept of duty cycle should be taken into consideration. This is relevant in the context of
satellite earth station transmission that uses TDMA. In this case, earth station transmissions are based on a
shared allocation of satellite network resources and the terminals will transmit short bursts of data
periodically as instructed by the network and are not designed or capable of continuous transmission. The
length and carrier frequency of each transmission burst depend on the earth station's traffic requirements
and satellite network architecture. An example of Ka-band (18-40 GHz) operation of one satellite operator is
considered in Annex 2 for which the nominal duty of the earth stations is 6.25%.

Considering the above, earth station transmissions in TDMA networks can be considered similar to pulse
transmissions. In this case the, acceptable e.i.r.p. levels for satellite transmitters in various environments for
which there will be no impact to aeronautical safety should be calculated using the duty cycle. The duty cycle
for these calculations can be determined using Equation 14 above or directly included into Equation 13 if
already known.

In order to incorporate this into the calculations outlined in section 3.2 above, Equation 2 can be modified as
indicated by Equation 15 below.

PTAG
4mr2

P D_TDMA = (15)

where

= P, rpuma — POwer density for earth stations in TDMA networks (in Watts/square metre);

= Pp, —transmitter average output power, calculated based on Equation 13 above (in Watts);
= (G —antenna gain (unitless);

= r —distance or range from antenna (in meters);

= 71 —the constant pi (3.1415...);

= Pr,G - can also be defined as the e.i.r.p. of the transmitter (in Watts).

3.4 EARTH STATION HIRF CALCULATIONS BASED ON FAR FIELD ONLY

Following the calculation methodology and minimum distance between earth stations and aircraft established
in section 3 and section 2.3 respectively, the HIRF level produced by an earth station at the aircraft can be
established for various environments.

Consequently, if the immunity level of an aircraft (as shown in section 3.2) is higher than the HIRF levels
produced by the satellite earth station (with a specific e.i.r.p.) at the aircraft, then it can be concluded that the
satellite earth station will have no impact to aeronautical safety and can be operated in that environment
without any constraints.

This section establishes maximum e.i.r.p. levels for earth stations in various environments, for which it can
be concluded that there will be no impact to aeronautical safety due to the operation of such earth stations.

The HIRF levels calculated in this section only consider the far-field formula introduced in section 3.2.1
regardless of whether the minimum separation distance between the aircraft and transmitter falls within the
far-field or near-field region. Therefore, only formula (2) and (12) in section 3.2.1 are required for the
calculations below. Far-field region formulas overestimate the HIRF levels within the near-field region of the
antenna, but it significantly simplifies the calculation process to determine the maximum allowed e.i.r.p. for
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earth stations in these environments since it does not require knowledge of antenna characteristics of these
earth stations.

This approach is considered practical as the maximum e.i.r.p. levels for earth station operation calculated in
the section below exceed, in majority of the cases, the maximum e.i.r.p. limits provided in ECC Decisions
regarding free circulation of satellite earth stations. If it is necessary to calculate HIRF levels at the aircraft for
earth stations that operate with higher e.i.r.p. levels than indicated in this section, the methodology in Section
3 can be used. The calculated maximum e.i.r.p. levels are applicable for both GSO and NGSO satellite earth
stations.

For earth stations operating within TDMA satellite networks, all of the maximum e.i.r.p. levels for earth
stations calculated in the sections below should take into account the duty cycle of terminals. In this case,
the maximum allowable e.i.r.p levels for which there will be no impact to aeronautical safety would be defined
as:

EIRP;pya = EIRP X D (16)

where

= EIRPrpya— €.i.r.p. for TDMA networks considering duty cycle (in Watts);
= EIRP - e.i.r.p. calculated without considering duty cycle (in Watts) ;

= D — Duty cycle (unitless), calculated as per Equation 14 in section 4.3.

3.4.1  Earth stations on board aircraft within airport premises

The far-field region calculations indicate that when considering the 50 ft. (15.24 m) minimum separation
distance between transmitters on board aircraft within airport premises and other aircraft, the maximum
e.i.r.p. for which the aircraft immunity levels in 4-6 GHz, 12-18 GHz and 18-40 GHz are not exceeded are as
follows:

= 52.97 dBW in 4-6 GHz;
= 54.46 dBW in 12-18 GHz;
= 52.41 dBW in 18-40 GHz.

However, it should be noted that the 50 ft. (15.24 m) minimum separation distance is identified as a direct
range. According to section 4.4.5 of the FAA Report [2], for transmitters with limited elevation angles (e.g.
satellite earth stations) a slant range should be used instead. A slant range has not been identified for the
mobile airport environment, since the environment includes other transmitters in addition to transmitters on
board aircraft such as VHF radios on ground support vehicles, doppler navigation radars, radio altimeters,
weather radars, etc. Since some of these systems have transmitters that have no restriction on the direction
of the main beam, these were chosen to establish the worst-case separation distance for the whole mobile
airport environment group. Satellite earth station transmissions on board aircraft however are always limited
in elevation angle and consequently these were not the transmitters that defined the worst-case minimum
separation of 50 ft. (15.24 m) between aircraft and transmitters in the mobile airport environment. Therefore,
HIRF calculations using the 50 ft. (15.24 m) separation distance could result in unnecessarily low maximum
e.i.r.p. level for the operation of earth stations on board aircraft while on the ground at airfields.

The maximum e.i.r.p. levels in ECC Decisions for earth stations operated on board aircraft in 12-18 GHz and
18-40 GHz are generally higher than identified above for the airport environment. Hence, there is merit in
determining the minimum slant range between an aircraft with an earth station on board and another aircraft.
The sections below analyse two possible scenarios for such operation:

1 when two aircraft are parked next to each other;

2 when one plane is parked and the other is taking off or landing through the main beam of the satellite
earth station on board the parked aircraft.
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3.4.1.1 Scenario when aircraft are parked next to each other

In the case of HIRF levels caused by a satellite earth station on board an aircraft to another aircraft parked
on the ground next to it, the main beam of an earth station antenna would never directly point at the other
aircraft. The minimum elevation angle of an earth station on board an aircraft when communicating with a
satellite is between 5-10 degrees in Europe so another aircraft on the ground 50 ft. (15.24 m) away would be
well below the main beam of the transmitting earth station antenna. The reduction in e.i.r.p. for off-axis
angles for such a scenario can be assessed using Recommendation ITU-R S.580-6 [13], which is applied as
a design objective for earth station antennas. The reduction in e.i.r.p. towards the other aircraft on the
ground is calculated below for 2, 5 and 10 degrees off-axis angle relative to the e.i.r.p. at 1 degree off-axis
angle. The reduction of radiated power would be even higher when maximum antenna gain would be used.

Figure 3 below illustrates the scenario described above.

AES Mounting Locations

H1

H2 |

D2
D3

Figure 3: Worst case inter-aircraft pointing scenario

Table 7: Dimensions of two types of aircraft and corresponding distances’

Dimension ’ Distance

H1 — Height of tail for CRJ from ground 7.6m
H2 — wingtip height of Airbus A380 from ground 7.55m
H3 — height of crown of Airbus A380 from ground 10.76 m
H4 — height of tail of Airbus A380 from ground 24.18 m
D1 — distance between CRJ tail and A380 wingtip, including

. . . 17.6 m
the minimum parking distance of 3 m
D2 — distance between CRJ tail and A380 fuselage,
. . - : . 499 m
including the minimum parking distance of 3 m
D3 — distance between CRJ and A380 centreline

53.47 m

including the minimum parking distance of 3 m

! For dimensions of Bombardier CRJ700, see:

http://commercialaircraft.bombardier.com/content/dam/Websites/bca/literature/cr/BCA 5446 02 CRJ Factsheet Update CRJ700 EN
VE.pdf.

For Airbus A380 see: http://nata.aero/agso/ASTGCache/f6a9e8b3-ab2e-4502-bedc-92f463486e22.pdf



http://commercialaircraft.bombardier.com/content/dam/Websites/bca/literature/crj/BCA_5446_02_CRJ_Factsheet_Update_CRJ700_EN_vF.pdf
http://commercialaircraft.bombardier.com/content/dam/Websites/bca/literature/crj/BCA_5446_02_CRJ_Factsheet_Update_CRJ700_EN_vF.pdf
http://nata.aero/agso/ASTGCache/f6a9e8b3-ab2e-4502-bedc-92f463486e22.pdf
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Different aircraft earth stations have been developed for different airframe sizes. In smaller aircraft, the body
of the aircraft is too narrow to accommodate a fuselage-mounted antenna. In the case of these smaller
regional aircraft — such as the Bombardier CRJ 700 — the earth station is mounted on the tail of the aircraft
instead of the crown. The worst case inter-aircraft scenario, therefore, is the case of a small aircraft with a
small wingspan parked adjacent to the largest aircraft (e.g. an Airbus A380). This is illustrated above, where
the small wingspan of the CRJ700 means that aircraft is closest to the wingtip of a larger aircraft.

Considering the worst case aircraft scenario when two planes are parked next to each other:
= ES elevation angle 5 degrees;
= D1, the distance between a CRJ tail and an A380 wingtip, is 17.6 m.

H1+ 17.6 * tan(5) = 1.54 (m)
H1+ 1.54 = 7.6 + 1.54 = 9.14 (m)

One can see that 9.14 m > H2 (7.55 m) therefore the maximum radiation direction of an antenna installed on
the CRJ would be higher than the wingtip of an A380. Even if we consider the main beam beamwidth of an
antenna, then H1 + 17.6 * tan (3) = 0.92 (m) then H1 + 0.92 = 8.52, which is higher than the wingtip of an
A380. An additional reduction in power of 7.5 dB (see Table 8) compared to the main beam can be applied in
this case.

In most cases of the scenario of one aircraft operating a satellite earth station on an airfield next to another
aircraft, the e.i.r.p. towards the other aircraft would be reduced by at least 17.5 dB (see Table 8 below).
Therefore, the e.i.r.p. limits for the airport environment calculated above could be increased by at least
17.5 dB. In practice, the reduction of radiated power would be even higher when the maximum antenna gain
of real antenna patterns are taken into account. For example, based on antenna patterns provided by one
satellite operator for earth stations on board aircraft in Annex 2, the reduction of radiated power for 5 degrees
of elevation compared to the maximum direction of radiation is at least 25 dB.

Table 8: Reduction in antenna gain towards horizon for 1, 2, 5 and 10 degrees of elevation

Off-axis Maximum gain Reduction
angle (ITU-R S.580-6 [13]) | in power

(degrees) CLED) EE)
degrees dBi dB
1 29 -
2 21.5 7.5
5 11.5 17.5
10 4 25

3.4.1.2 Scenario when one plane is parked and the other is taking off/landing

The other scenario to consider is when an aircraft with an earth station on board is operating on the ground
at the airport and another aircraft is landing or taking off through the main beam of the earth station. For such
a scenario, the separation between the two aircraft would be defined by the separation between the runway
and the point where the aircraft might be waiting for take-off on the taxi way - the "hold position". All civilian
airfields have to comply with Annex 14 “Aerodromes” of the ICAO “Convention on International Civil
Aviation”. This document specifies the minimum distance from the runway centre line to a hold position,
which is indicated in Error! Reference source not found. below.
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Table 9: Minimum separation distance between the runway and the hold position on the taxiway

Type of runway Code Code Code Code
number 1 | number 2 number 3 number 4
Non-instrument 30m 40m 75 m 75 m
Non-precision approach 40 m 40 m 75m 75m
Precision approach category | 60 m 60 m 90 m 90 m
Precision approach categories Il and Il B B 90 m 90 m
Take-off runway 30m 40 m 75m 75m

Note: the runway code numbers indicate the length of the landing strip

The document provides that for all runway lengths and types, the minimum separation between a hold
position and the centre of a runway is 30 m. This distance would be even higher when considering the
minimum elevation angle of an earth station on board an aircraft and the slant angle that is created due to it.
These considerations are valid for fixed-wing aircraft, but can be different for rotorcraft. However, it is
indicated in section 3.1.1 of the FAA Report [2] that the closest distance a rotorcraft observes from a ground
obstacle (including a transmitter) is 100 ft (30.48 m).

Considering the above, it can be concluded that for all scenarios and aircraft types (fixed wing and rotorcraft)
a 30.48 m minimum separation distance between earth stations on board aircraft within airport premises and
another aircraft can be used and therefore the maximum e.i.r.p. for which the aircraft immunity levels in 4-6
GHz, 12-18 GHz and 18-40 GHz are not exceeded are as follows:

= 58.99 dBW in 4-6 GHz;
= 60.48 dBW in 12-18 GHz;
= 58.43 dBW in 18-40 GHz.

Comparing the two additional scenarios considered above, it is clear that the earth station on board the
aircraft creates a higher field strength at the victim aircraft when considering the scenario of the victim aircraft
flying through the main beam of the earth station 30.48 m away rather than the scenario when two aircraft
are next to each other on the ground and there is no possibility for main beam illumination. Therefore, the
above e.i.r.p. levels calculated using the 30.48 m separation distance should be used as the maximum
allowable e.i.r.p. levels for which there are no restrictions related to aeronautical safety.

3.4.2  Earth stations on board aircraft in flight

The far-field region calculations indicate that when considering the 500 ft (152.4 m) minimum separation
distance between two aircraft in flight, the maximum e.i.r.p. level for earth stations on board aircraft for which
the aircraft immunity levels in 4-6 GHz, 12-18 GHz and 18-40 GHz are not exceeded are as follows:

= 72.97 dBW in 4-6 GHz;
= 74.46 dBW in 12-18 GHz;
= 72.41 dBW in 18-40 GHz.

3.4.3 Land mobile earth stations operated within airport premises

The far-field region calculations indicate that when considering the 50 ft. (15.24 m) minimum separation
distance between mobile earth stations (e.g. land ESIM) operated within airport premises and aircraft, the
maximum e.i.r.p. values for which aircraft immunity levels in 4-6 GHz, 12-18 GHz and 18-40 GHz are not
exceeded are as follows:

= 52.97 dBW in 4-6 GHz;
= 54.46 dBW in 12-18 GHz;
= 52.41 dBW in 18-40 GHz.
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3.4.4 Earth stations in a fixed location within airport premises

The far-field region calculations indicate that when considering the 250 ft. (76.2 m) minimum separation
distance between earth stations in a fixed location within airport premises and aircraft, the maximum e.i.r.p.
values for which the aircraft immunity levels in 4-6 GHz, 12-18 GHz and 18-40 GHz are not exceeded are as
follows:

=  66.95 dBW in 4-6 GHz;
= 68.44 dBW in 12-18 GHz;
= 66.39 dBW in 18-40 GHz.

3.4.5 Earth stations in a fixed location or land mobile earth stations within 3 nautical miles of an
airfield

The far-field region calculations indicate that when considering the 500 ft. (152.4 m) minimum separation
distance between earth stations in a fixed location and mobile earth stations (e.g. land ESIM) within a wedge
shaped area of airspace, originating at the departure and arrival end of the runway, over which aircraft would
normally track, and extending for 3 nautical miles (5.556 km) from the runway, the maximum e.i.r.p. values
for which the aircraft immunity levels in 4-6 GHz, 12-18 GHz and 18-40 GHz are not exceeded are as
follows:

= 7297 dBW in 4-6 GHz;
= 74.46 dBW in 12-18 GHz;
= 72.41 dBW in 18-40 GHz.

3.4.6 Earth stations in a fixed location or land mobile earth stations beyond 3 nautical miles of an
airfield

The minimum separation distance between earth stations in a fixed location and mobile earth stations (e.g.
land ESIM) outside a wedge shaped area of airspace, originating at the departure and arrival end of the
runway, over which aircraft would normally track, and extending for 3 nautical miles (5.556 km) from the
runway needs to be determined considering the maximum elevation angle of the antenna and a minimum
flight altitude of 1000 ft. (304.8 m) above all obstructions (including transmitters).

Earth stations operating with non-geostationary (NGSO) satellites can have a maximum elevation angle of
90 degrees, so the minimum separation angle between the transmitter and aircraft is 1000 ft. (304.8 m) in
which case the maximum e.i.r.p. values for which the aircraft immunity levels in 4-6 GHz, 12-18 GHz and 18-
40 GHz are not exceeded are as follows:

= 78.99 dBW in 4-6 GHz;

= 80.48 dBW in 12-18 GHz;

= 78.43 dBW in 18-40 GHz.

Earth stations operating with geostationary (GSO) satellites in CEPT countries will always have a maximum
elevation angle, which depends on the latitude of earth station. Table 10 below provides the maximum
elevation angle in various European cities.
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Table 10: Maximum earth station elevation angle at different European cities

Latitude Elewation anale
Athens arg 461
Lisbon 38.7 452
Madrid 405 432
Rome 41.5 M7
Geneva 46.2 36.8
Paris 49.0 338
Frankfurt 50.0 327
London 5145 311
Amsterdam 52.3 302
Moscow 564 263
Copenhagen 556 266
Edinburgh 56.0 262
Stockholm 59.7 223
Oslo 602 217

Therefore, for earth stations operating in CEPT countries, the minimum separation distance between the
transmitter and aircraft can only occur for certain geometry when the earth station is operating with maximum
elevation angle and the aircraft flying into the beam at an altitude of 1000 ft. (304.8 m). The minimum
separation distance can be calculated in this case using the following formula:

304.8 m(1000 ft.)
sin(maximum elevation angle in degrees)

Minimum separation distance (m) = a7)

Table 11 below indicates the maximum e.i.r.p. values calculated using the far-field formula for latitudes
between 30-70 degrees for which the aircraft immunity levels in 4-6 GHz, 12-18 GHz and 18-40 GHz are not
exceeded:

Table 11: Maximum e.i.r.p. values for earth stations located on latitudes between 30-70 degrees
operating with GSO satellites

Maximum Minimum Max e.i.r.p. | Max e.i.r.p. | Max e.i.r.p.

(Iaggtrlégse) elevation s_eparation 4-6 GHz 12-18 GHz | 18-40 GHz
(degrees) | distance (m) (dBW) (dBW) (dBW)
30 55 372.1 80.7 82.2 80.2
31 53.8 377.7 80.9 82.4 80.3
32 52.7 383.2 81.0 825 80.4
33 51.6 388.9 81.1 82.6 80.6
34 50.5 395.2 81.3 82.7 80.7
35 49.3 402.0 81.4 82.9 80.8
36 48.2 408.9 81.5 83.0 81.0
37 47.1 416.1 81.7 83.2 81.1
38 46.0 424.0 81.9 83.4 81.3
39 44.8 432.6 82.0 83.5 81.5
40 43.7 441.2 82.2 83.7 81.6
41 42.6 450.3 824 83.9 81.8
42 415 460.0 82.6 84.1 82.0
43 40.4 470.3 82.8 84.3 82.2
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Latitude Maxim_um Minimu_m Max e.i.r.p.
(degrees) elevation s_eparatlon 18-40 GHz
(degrees) | distance (m) (dBW)
44 39.3 481.2 83.0 84.5 82.4
45 38.2 492.9 83.2 84.7 82.6
46 37.1 505.3 83.4 84.9 82.8
47 36 518.6 83.6 85.1 83.1
48 34.9 532.7 83.8 85.3 83.3
49 33.8 547.9 84.1 85.6 83.5
50 32.7 564.2 84.3 85.8 83.8
51 31.6 581.7 84.6 86.1 84.0
52 30.5 600.5 84.9 86.4 84.3
53 29.4 620.9 85.2 86.7 84.6
54 28.3 642.9 85.5 87.0 84.9
55 27.3 664.6 85.8 87.3 85.2
56 26.2 690.4 86.1 87.6 85.5
57 25.1 718.5 86.4 87.9 85.9
58 24.1 746.5 86.8 88.3 86.2
59 23 780.1 87.2 88.7 86.6
60 21.9 817.2 87.6 89.1 87.0
61 20.9 854.4 87.9 89.4 87.4
62 19.8 899.8 88.4 89.9 87.8
63 18.8 945.8 88.8 90.3 88.3
64 17.7 1002.5 89.3 90.8 88.8
65 16.7 1060.7 89.8 91.3 89.3
66 15.6 1133.4 90.4 91.9 89.8
67 14.6 1209.2 91.0 92.5 90.4
68 13.5 1305.7 91.6 93.1 91.1
69 12,5 1408.2 92.3 93.8 91.7
70 11.5 1528.8 93.0 94.5 92.4

Earth stations operated on vessels

The far-field region calculations indicate that when considering the 1000 ft. (304.8 m) minimum separation
distance between aircraft and earth stations operated on vessels (e.g. ESVs and maritime ESIM) that are
located in the vicinity of airfields, the maximum e.i.r.p. values for which the aircraft immunity levels in 4-6

GHz, 12-18 GHz and 18-40 GHz are not exceeded are as follows:

78.99 dBW in 4-6 GHz;
80.48 dBW in 12-18 GHz;
78.43 dBW in 18-40 GHz.
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4 CONCLUSIONS

This ECC Report examines earth stations operating in the vicinity of aircraft and their ability to comply with
high intensity radiated field (HIRF) levels established by the European Aviation Safety Agency (EASA) to
protect aircraft safety systems. The HIRF protection criteria used for the analysis have been provided and
verified by EASA as relevant to all civil aircraft (fixed and rotor-wing) in operation today and having systems
on board which could be affected by high HIRF levels. This includes older aircraft which have been modified
to incorporate safety equipment which could be affected by satellite earth station transmissions since such
older aircraft would have to be re-certified to comply with the EASA HIRF requirements. The ECC Report
also confirms that military aircraft are able to sustain higher HIRF levels than the values provided by EASA
for civil aircraft. Therefore, the conclusions of this ECC Report are applicable to all military aircraft as well.

EASA also provided the ECC with the HIRF calculation methodology and assumptions regarding minimum
separation distances between transmitters and aircraft that were used by aviation airworthiness authorities to
establish the relevant aircraft HIRF protection criteria. The elements provided by EASA were used in this
ECC Report to calculate earth station e.i.r.p levels (as specified in Table 1) for various earth station
deployments communicating with GSO or NGSO satellites, for which it can be concluded that there will be no
impact to the aeronautical safety of aircraft during any phase of the flight (take off, landing, cruising, taxiing).
Consequently, no restrictions on operations in the proximity of or within airfields® are required for earth
stations complying with the e.i.r.p. levels specified in Table 12 below.

Table 12: Maximum earth station e.i.r.p. levels to ensure compliance with aircraft HIRF protection
criteria

Maximum e.i.r.p. levels (dBW)

Earth station deployment type

12-18 GHz
Earth station on board aircraft located within airport premises 59.0 60.5 58.4
Earth stations in a fixed location within airport premises 67.0 68.4 66.4
Land mobile earth stations located within airport premises 53.0 54.5 52.4

Fixed earth stations or mobile earth stations on land within a wedge
shaped area originating at the departure and arrival end of the runway

and extending for 3 nautical miles from the runway over which aircraft 73.0 74.5 2.4
would normally track**

Fixed earth stations or land mobile earth stations operating with NGSO

satellites located outside the wedge shaped area extending for 3 nautical 79.0 80.5 78.4

miles from the runway of an airfield over which aircraft would normally
track**
Fixed earth stations or land mobile earth stations operating with GSO

satellites located outside the wedge shaped area extending for 3 nautical
miles from the runway of an airfield over which aircraft would normally

80.7-93.0* | 82.2-94.5* | 80.2-92.4*

track**
Earth station on vessels 79.0 80.5 78.4
Earth stations on board aircraft in flight 73 74.5 72.4

Note: For satellite earth stations operating within TDMA networks, the above e.i.r.p values shall be respected after taking into
consideration the duty cycle (see section 3.3 and 3.4).

* e.i.r.p values are dependent on earth station latitude (see section 3.4.6)

** the width of the wedge shaped area originating at the departure and arrival end of the runway and extending for 3 nm from the
runway over which aircraft would normally track depends on the airfield and is determined by the airport authority

8 Airfield: in the context of this Report covers both, airport and helipads.
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ANNEX 1: EXAMPLE CALCULATIONS FOR INMARSAT KA-BAND (18-40 GHZ) ESIM

Generally, there are two types of earth stations on board aircraft depending on how the terminal is mounted
on the aircraft — tail mounted and fuselage mounted terminals. A tail mount terminal is normally a two-axis
stabilised earth station employing a 30 cm or larger diameter antenna. The antenna is a circular aperture
with a symmetrical centre-fed design. The fuselage mounted terminal is a two-axis stabilised earth station
employing an asymmetrical rectangular phased array antenna with dimensions ranging from 65 cm by
19.5 cm or larger aperture. Both of these terminal types are depicted on Figure 4 below.

Figure 4: Tail mounted (on the left) and fuselage mounted (on the right) Ka-band ESIM antenna

Inmarsat operates both of these terminal types in the Ka-band (27.5-30.0 GHz), which are known as aircraft
Earth Stations on Mobile Platforms (ESOMPs) and their operations conforms with ECC/DEC/(13)01 [14]%
The parameters of these terminals that are relevant in the context of determination of the HIRF levels have
been indicated in Table 13.

Table 13: Operational parameters for the tail mounted and fuselage mounted antenna

Parameters Tail mounted antenna | Fuselage mounted antenna
Antenna type - Circular Rectangular phased array
Dimensions m 0.3 0.65 x 0.195
Beamwidth ° 2.51 1.18 (horizontally)

Antenna gain dBi 37 39.8
Maximum e.i.r.p. | dBW | 44.6 46

Al1.1 CALCULATIONS FOR TAIL MOUNTED EARTH STATION

For the purposes of the calculations specified in the sections above, the tail mounted earth stations have an
antenna that would fall under the circular antenna category. The first check that needs to be performed for
this earth station is whether the 100 ft (30.48 m) distance as specified in section 3.4.1 would fall under the
near-field or far-field range of the antenna. The far-field distance “ry4,re14” Can be calculated as follows:

2d*f 2 0.32-27500

Tfarfield = 300 300 =16.5m

o The term “ESOMPs” in ECC/DEC/(13)01 is equivalent to the term “ESIM” in this document
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The frequency of 27500 MHz (beginning of the Ka-band) was used as this provides worst case results for the
power density.

Based on the formula above, it can be seen that the border between far-field and near-field is at 16.5 m. As
the distance we need to use to calculate the HIRF level is 30.48 m, then we need to take into consideration
only the far-field calculation.

Equation (2) in section 3.2.1 can be used for the calculation of the power density at the aircraft as follows:
446
PrG 10710

_ - = 247 W /m?
D= 4mr2  4-3.14- 30482 /m

Consequently, the field power density can the converted into electric field intensity:

1
E=(P,2)2 = (247-377)"/2 = 30.5V/m

Al1.2 CALCULATIONS FOR FUSELAGE MOUNTED EARTH STATION

Similar calculation to the section above can be performed for the fuselage mounted earth station, but in this
case we need to consider the methodology for a rectangular antenna. However, as a first step, it needs to be
confirmed whether the 30.48 m distance is in the near-field or far-field, based on the maximum dimension of
the antenna, which in this case is 0.65 m.

2d*f 2 0.65% - 27500

rfarfield = 300 - 300 =7746m

The threshold between the near-field and far-field is 77.46 m away from the station, which means that at 100
ft. (30.48 m) near-field reduction needs to be taken into consideration.

Therefore, the illumination distribution constant needs to be determined:
I; = (5.8384 x 1075) fBd= (58384 107%) - 27500 - 1.18 - 0.65 = 1.23

Based on the illumination distribution constant, it can be determined using Table 3 of section 3.2.1 that the
distribution curve we need to consider is cosl.

In order to establish the near field gain reduction, the normalised distance needs to be calculated for both
horizontal and vertical antenna aperture dimensions:

_ 7300 30.48-300
" a2 f  0.652-27500

=0.79

_ 300 30.48 - 300

A= = =874
"T @2 f  0.195%-27500

Using the normalised distances and the uniform distribution curve, the near field gain reduction can be
determined in dB based on Table 4 of section 3.2.1. It can be seen that y, = 0.2 dB and y,= 0 dB. The
vertical and horizontal near field gain reduction needs to be summarised in order to determine the final near
field gain reduction factor using the formula:

(ntxw) (0.2+0)

¥y=10" 10 = 107 10 95=0.83

The above allows us to calculate the near field power density, which can then be converted into the electric
field intensity at the aircraft:



ECC REPORT 272 - Page 29

46.0
0

_ PGy 10710 -0.95
D™ 4mr?z 7 4-3.14-30.482

=324 W/m?
1
E=(Py2Z)2=(324-377)"2 = 3495V /m

A1.3 CALCULATIONS RESULTS

Following the methodology set out in the FAA Report [2], it can be seen that at the 100 ft. (30.48 m) distance
established for the calculation of HIRF levels for earth station on board aircraft, the tail mounted and fuselage
mounted ESIM terminals produce a field strength level of 30.5V/m and 34.95V/m respectively. The limit for
aircraft protection in the Ka-band is 150 V/m, it can therefore be concluded that neither of these terminals

poses a threat for aeronautical safety when operated while parked on the airfield or during taxing, landing
and take-off.
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ANNEX 2: EXAMPLES OF VIASAT KA-BAND ANTENNA CHARACTERISTICS

The Viasat network is based on shared allocation of satellite resources. Viasat terminals transmit short
bursts of data periodically as instructed by the network and are neither designed for nor capable of
continuous transmission. The ES terminal transmits bursts of information at designated times that are
assigned to the terminal by the network. The length and carrier frequency of each transmission burst depend
on the ES terminal's traffic requirements. In normal operation, the ES terminal transmits burst traffic to the
network with a nominal duty of less than 6.25%. Therefore, the average power during the averaging period is
calculated as the maximum transmitter peak transmit power output adjusted by the duty of 6.25%.

As an example, an aircraft earth station with a relatively short duty (e.g. 6.25%) could have a peak transmit
power of 60 dBW. So, the average power for each ES terminal can be calculated as
Average power = Peak power* Duty cycle, therefore taking into account the low duty cycle: 47.9 dBW. This
value is well below the EASA limitation.

The figures below show different antenna types installed by Viasat, and they demonstrate their antenna
patterns.

Figure 5: Viasat GM-40 antenna (antenna pattern is shown in Figure 9 below)

Figure 6: Viasat — G-12 Ka-Band antenna



Examples of the antenna patterns installed by Viasat:

ECC REPORT 272 - Page 31

50
45
40
35
30
25
20
15
10

Gain (dBiC)

Tx LHCP Azimuth Pattern at 28.1 GHz

0
Azimuth (deg.)

—RHCP (X-pol)
——LHCP (Co-pol)
—ITUS80
I\
JII
/1N
/ -\
|| RN
// | \\
..---"__/ | l f \\L_“-—-..
— A v T
i 1)
|
e
-90 -60 -30 30 60 90
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The figure below corresponds to the antenna type shown in Figure 5.
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Figure 9: GM40 antenna pattern (skew angle = 0)
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