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1
SEERHS
RECOMMENDATION ITU-R S.728-1"

Maximum permissible level of off-axis e.i.r.p. density
from very small aperture terminals (VSATS)

(1992-1995)

The ITU Radiocommunication Assembly,

considering

a) that geostationary-satellite networks in the fixed-satellite service (FSS) operate in the same
frequency bands;

b) that interference between networks in the FSS contributes to noise in the network;

C) that it is necessary to protect a geostationary-satellite network in the FSS from interference
by other such networks;

d) that it is necessary to specify the maximum permissible levels of off-axis e.i.r.p. density
from VSAT earth stations, to promote harmonization between geostationary-satellite networks;

e) that networks in the FSS may receive interference into the space station receiver;

f) that the use of antennas with good off-axis performance will lead to the most efficient use

of radio-frequency spectrum and the geostationary-satellite orbit (GSO);

g) that progress in the development of VSAT antennas indicates that improved side-lobe
performance antennas are widely available;

h) that off-axis e.i.r.p. density levels can be limited through the choice of antenna and/or
transmission parameter, e.g. using high gain forward error correction scheme for demodulation or
using the spread-spectrum technique;

)i that in some VSAT systems the code division multiple access (CDMA) scheme is used so
that multiple VSATs may transmit simultaneously in the same frequency channel,

recommends

1 that VSAT earth stations operating with geostationary satellites in the 14 GHz frequency
band used by the FSS be designed in such a manner that at any angle ¢ specified below, off the

* Radiocommunication Study Group 4 made editorial amendments to this Recommendation in 2001 in
accordance with Resolution ITU-R 44 (RA-2000).
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main-lobe axis of an earth-station antenna, the maximum e.i.r.p. in any direction within 3° of
the GSO should not exceed the following values:

Angle off-axis Maximum e.i.r.p. in any
40 kHz band
2°< @ < 7° 33-25log ¢ dBW
7°< @ £9.2° 12 dBW
9.2°< @ <48° 36 — 25 log ¢ dBW
¢ >48° -6 dBW

In addition, the cross-polarized component in any direction ¢ degrees from the antenna main-lobe
axis should not exceed the following limits:

Angle off-axis Maximum e.i.r.p.in any
40 kHz band
2° < <7° 23 -25log ¢ dBW
7° < @ £9.2° 2 dBW
2 that the following Notes should be regarded as part of this Recommendation:

NOTE 1 — Maximum e.i.r.p. density values in § 1 above may need to be decreased up to 8 dB in the
systems where the satellite spacing is near 2°.

NOTE 2 - For the systems in which the earth stations are expected to transmit simultaneously in the
same 40 kHz band, e.g. for the systems employing CDMA, the maximum e.i.r.p. values in § 1
above should be decreased by 10 log N (dB), where N is the number of earth stations which are
expected to transmit simultaneously on the same frequency.

NOTE 3 — Recommendations for VSATSs operating in the 6 GHz and other frequency bands are
under study. Provisionally Recommendation ITU-R S.524 should be applied for these bands.

NOTE 4 — The values given in 8 1 may be exceeded over the range of angles for which the
particular feed system may give rise to relatively high levels of spill-over.

NOTE 5 - The limits given in 8 1 could be increased up to the limits of Recommendation ITU-R
S.524 in case of very large service areas.

NOTE 6 — Annex 1 describes the calculation of permissible off-axis e.i.r.p. density for VSATSs.

NOTE 7 — Earth station antennas with D/A ratios less than 50 are likely to have main beams which
extend beyond an off-axis angle of 2° to 3°. Annex 2 shows examples of the main beamwidths of
some of these antennas. The off-axis e.i.r.p. limitations at the lower off-axis angles in § 1 can be
met by constraining the transmit power spectral flux-density of these antennas.
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NOTE 8 — This Recommendation applies to protection between geostationary-satellite networks in
the FSS. Potential interference between geostationary-satellite systems and non-geostationary-
satellite systems is to be addressed by other Recommendations.

NOTE 9 — The revision in 8 1 above to reduce the minimum off-axis angle from 2.5° to 2° applies
to earth stations brought into service after the end of 1995 for all geostationary-satellite networks.

ANNEX 1

Calculation of permissible off-axis e.i.r.p. density for VSATS

1 System noise budget

According to Recommendation ITU-R S.523 which deals with permissible interference level in
digital satellite transmission, 20% of the total noise power at the demodulator input is allocated to
the interference caused by other networks in frequency bands in which the networks practice
frequency re-use. Also, 6% of the total noise power is allocated for the single entry interference.

While the off-axis emissions from earth stations cause uplink interference to the adjacent satellites,
the emissions from the adjacent satellites cause downlink interference to the receiving earth
stations. Therefore, the single entry allocation of 6% should be further divided into uplink and
downlink interference. The antenna diameter of the receiving earth station affects the division. If it
is larger, the downlink interference becomes less because of its better off-axis isolation, while the
uplink interference becomes severer because the total system thermal noise decreases due to
increased earth-station G/T.

In considering the off-axis e.i.r.p. limit of VSATS, it may be appropriate to assume that the antenna
diameter of the receiving earth station of the interfered network is around 5 m. In this case the
budget for the single entry downlink interference can be assumed as less than 1% considering the
off-axis gain performance of the antenna. Then the budget for the single entry uplink interference
can be assumed as 5%.

Further, the total system noise budget can be assumed as follows:

Thermal noise (uplink + downlink) 50%
Interference from other satellite networks 20% (Recommendation ITU-R S.523)
Interference due to cross-polarization 5%
Intermodulation noise due to transponder 25%

Therefore, the ratio of 5%/50% can be used in comparing the uplink single entry interference power
density with the thermal noise density.
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2 Derivation of system total thermal noise

In calculating the system total thermal noise, both the uplink and the downlink thermal noise should
be considered. The uplink carrier-to-noise density ratio (C/Ng)y, the downlink carrier-to-noise
density ratio (C/Ng)p and the total carrier-to-noise density ratio (C/Ng)T can be calculated as

follows:
(C/Ng)y =eir.p.g —Ly —Lya—Lyr +(GIT)g +228.6
(CINg)p =ei.r.p.g —OBO-Lp —Lpa —LpR + (G/T)g +228.6
=eir.pg —Ly —Lya—LUR +Gs —Lp —Lpa + LpRr + (G/T)E +228.6
(C/Ng)T =-10log (10~ (—(C/Ng), /10) +107(—(C/Ng) p /10))

where:

e.i.r.p.e: e.i.r.p. of the transmit earth station of wanted signal

e.l.r.p.s: saturation e.i.r.p. of the satellite

Lu: uplink free-space loss

Lp: downlink free-space loss

Lua: uplink clear-air attenuation

Lpa: downlink clear-air attenuation

Lur: uplink rain fade

Lpr: downlink rain fade

(GIT)s: G/T of the satellite

(G/T)e:  GIT of the receiving earth station of wanted signal

OBO:.: output back-off of the satellite

Gs: small signal gain of the transponder

Gg =Gq + (eid.r.p.g —SFD) + (IBO-0OBO)

where:

SFD: saturation flux-density of the satellite

IBO: input back-off of the satellite

G1: gain of an ideal antenna area of 1 m?2

G1=44.4dB at 14 GHz

If the effective G/T of the receiving earth station at the satellite input is defined as:

(GIT)eg =Gs —Lp —Lpa—Lpr +(G/T)g
and the total effective G/T of the satellite is defined as:
(GIT)T =-10log (107 (—(G/T)g /10) + 10" (—(G/T) gg /10))
then the downlink C/Ng and the total C/Ng can be expressed as:
(CINg)p =eir.p.g - Ly —Lya - Lyr +(G/T)gg +228.6
(CINg)T =edr.p.g — Ly —Lya — Lyg +(G/T)T +228.6
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3 Derivation of permissible off-axis e.i.r.p. density

It is assumed that the off-axis e.i.r.p. density from the interfering VSAT is expressed as E —25 log ¢
dB(W/40 kHz). Then the uplink carrier-to-interference density ratio in 40 kHz bandwidth can be
expressed as follows:

Cllg =e.i.r.p.g —Lyr — (E—25log ¢) 9)

Note that it is assumed only the wanted signal suffers the uplink rain fade. Then the interference to
thermal noise ratio in 40 kHz bandwidth can be derived as:

lg/Ng =(C/Ng)T —C/lg —10logB
=(E-25logo) - Ly —Lya + (G/T)T +228.6-10logB (10)
where B = 40 kHz.

As described in 8 1, the value of 1p/Ng should be less than 5%/50% to satisfy the single entry
interference criteria. Then the permissible value of E can be derived as:

E =19/Ng+25logo + Ly + Lya — (G/T)r —228.6+10log B (11)
In the case when the uplink frequency is 14 GHz:

E = 25logo— (G/T) +14.5+ L (12)

Note that the uplink rain fade does not affect the interference to noise ratio. However, the effect of
the downlink rain fade should be taken into account in the calculation of (G/T)t because the
interference budget is defined as a portion of the total noise power which would give rise to a bit
error ratio of 1 in 108 and usually the system is designed so that the bit error ratio of 1 in 106 can be
achieved even during the fade condition.

4 Derivation of the required e.i.r.p. from VSATS

The permissible level of E can be derived by the expressions in the previous section. However, it
should be checked if VSAT systems can operate with good performance even under that condition.

If it is assumed that the transmit antenna gain of the VSAT earth station is Gt and that the side-lobe
performance of the antenna can be expressed by 29 — 25 log ¢, then the e.i.r.p. of the VSAT,
e.i.r.p.g, in 40 kHz bandwidth can be expressed as:

eir.p.e =E-29+Gy (13)

Then, from expression (8), the carrier power density-to-thermal noise density ratio can be derived
as:

(Co/No)T =E —29+Gt — Ly — Lya — LU +(GIT)T +228,6—10log B (14)

As explained in § 1 of this Annex, the thermal noise is assumed to be 50% of total noise. Therefore,
if required overall energy-per-bit-to-noise density ratio is (Ep/Ng)r and the conversion factor from
Co/Ng to Ep/Ng is K, then the following inequality should be satisfied with an overall system
margin of M (dB):

(Ep/Ng)r — K +M < (Co/Ng)T +10l0g (50%/100%) (15)
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The value of K is as follows depending on the type of modulation and forward error correction
(FEC):

3 dB for BPSK with rate 1/2 FEC
1.3 dB for BPSK with rate 3/4 FEC
0 dB for QPSK with rate 1/2 FEC

-1.7 dB for QPSK with rate 3/4 FEC.

From the expressions (14) and (15), the required value of E can be calculated. It should be noted
that an adequate value of uplink rain fade should be taken into account while the downlink rain fade
need not be considered because the effect of the former is usually severer than that of the latter.

5 Numerical results for typical satellite systems

The permissible values and the required values of E are calculated for typical satellite systems as
shown in Table 1. The parameter values assumed in the calculation are summarized below:

Antenna diameter of the receive earth station 5 m
G/T of the receive earth station in clear weather 31 dB
G/T of the receive earth station in rainy weather 30 dB
Downlink rain fade 4 dB
Uplink rain fade 3 dB
Downlink clear-air attenuation 0.5dB
Uplink clear-air attenuation 0.5dB
Small signal satellite gain increase (IBO-OBO) 4 dB
VSAT antenna diameter 12 m
VSAT antenna transmit gain 42.7dB
Required Ep/Ng with rate 1/2 FEC 6.4dB
Required Ep/Ng with rate 3/4 FEC 7.4dB
Required overall system margin 1.5dB

Also the topocentric angle is used for the off-axis angle ¢. It is assumed that the topocentric angles
are 1.1 times of the geocentric angles and that the satellites are located at their nominal positions.
To calculate the downlink free-space loss, the frequencies shown in Table 1 are used.
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TABLE 1

Permissible and required values of £

Satellite system GSTAR EUTELSAT-II INTELSAT-VI AUSSAT
Region USA Europe West-spot Australia
Downlink frequency
(GHz) 11.7 12,5 10.95 12.05
Satellite G/T (dB(K™1)) 10 2.0 4.3 -1.0
SFD (dB(W/m2)) -85.0 -82.8 -81.3 -88.0
Satellite e.i.r.p. (dBW) 42.0 44.0 417 42.0
Small signal satellite gain (dB) 1754 175.2 177.4 1784
Equivalent total G/T (DL clear) -2.3 2.4 0.6 -2.5
Equivalent total G/T (DL rain) 5.7 -6.1 -3.0 -4.7
Permissible E — 25 log ¢ 20.7 211 18.0 19.7
Permissible E (¢ =2.2) 29.3 29.7 26.6 28.2
Permissible E (¢ = 3.3) 33.7 341 310 326
Permissible E (¢ = 4.4) 368 372 34.1 358
Required E (BPSK 3/4 FEC) 27.3 27.4 24.4 275
Required E (BPSK 1/2 FEC) 24.6 247 21.7 24.8

As shown in the Table, E = 33 (dB(W/40 kHz)) may be adequate when the satellite spacing is not
less than 3°. When the satellite spacing is 2° less value of E, e.g. 25, may need to be used, although
only BPSK transmission with rate 1/2 FEC may be feasible in this case.

Ultra small aperture terminal antenna characteristics

1 Introduction

ANNEX 2

With the recent introduction of FSS space stations with substantial transmission power capabilities,
it has become possible to use “ultra-small aperture terminals (USATSs)” for applications formerly
relegated to “very small aperture terminals (VSATS)”. However, these USATSs have large or wide
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main beams which, when transmitting in the Earth-to-space direction, could impinge upon adjacent
space stations in the GSO. Likewise, co-frequency, co-coverage transmissions from space stations
adjacent to the wanted space station could introduce high levels of interference into these USAT
networks. The resultant increase in interference between neighbouring FSS networks will have a
negative effect on the communication capacity of the existing GSO/spectrum resources. Thus it is
necessary to constrain the interference potential of USAT networks, particularly in the magnitude of
uplink off-axis e.i.r.p. densities.

2 USAT antenna beam sizes

Table 2 shows the growth in main beamwidths (MBWSs) for antenna sizes with D/As below 50. For
antennas designed with low side lobe gains and efficiencies around 60% (by incorporating special
feed distribution designs), the MBWs shown in Table 2 are likely to be in the higher range.

TABLE 2

Off-axis angular range of antenna half-main beamwidths

Radio frequency DI, Antenna diameter Half-MBWs(1)
(GHz) (m) (degrees)
14 50 1.05 1.4-2.3
14 40 0.84 1.7-2.9
14 30 0.63 2.4-3.9

() These antennas are paraboloids of revolution or sections of paraboloids. The size of
the main beamwidth (MBW) is a function of the antenna feed design. Note that this
column shows 1/2 MBW, the angular distance to the first null or zero crossing of
antenna gain.

52



SEEH6
RECOMMENDATION ITU-R M.1643*

Technical and operational requirements for aircraft earth stations
of aeronautical mobile-satellite service including those
using fixed-satellite service network transponders in
the band 14-14.5 GHz (Earth-to-space)

(2003)

Summary

This Recommendation provides the technical and operational requirements for aircraft earth stations
(AES) of aeronautical mobile-satellite service (AMSS), including those using FSS network
transponders operating in the band 14-14.5 GHz (Earth-to-space), that should be used by
administrations as a technical guideline for establishing conformance requirements for AES and
facilitating their licensing, for worldwide use.

The ITU Radiocommunication Assembly,

considering

a) that various technically and operationally different aeronautical mobile-satellite service
(AMSS) networks have been designed to commence operation in the near future;

b) that these planned AMSS networks may provide access to a variety of broadband
communication applications (Internet, email, internal corporate networks) to and from aircraft on a
global basis;

C) that the aircraft earth station (AES) will operate on national and international airlines
around the world;

d) that circulation of AES is usually a subject of a number of national and international rules
and regulations including satisfactory conformance to a mutually agreed technical standard and
operational requirements;

e) that there is a need for identifying the technical and operational requirements for the
conformance testing of AES;

*

NOTE - The Arab Group represented at RA-03 reserves its position on this Recommendation and is not
ready to accept any repercussions with respect to WRC-03 Agenda item 1.11.

53



f) that the identification of technical and operational requirements for AES would provide a
common technical basis for facilitating conformance testing of AES by various national and
international authorities and the development of mutual recognition arrangements for conformance
of AES;

9) that the technical and operational requirements need to achieve an acceptable balance
between radio equipment complexity and the need for effective use of the radio-frequency
spectrum,

considering also

a) that in the frequency band 14-14.5 GHz there are allocations to the FSS (Earth-to-space),
radionavigation, fixed and mobile (except aeronautical mobile) services on a primary basis; that
secondary services allocated in the band 14-14.5 GHz or in parts of the band include mobile-
satellite (except aeronautical mobile-satellite) service (Earth-to-space), space research service
(SRS), radio astronomy service (RAS), and radionavigation-satellite service;

b) that there is a requirement to fully protect all primary services and pre-existing systems of
secondary services in the band 14-14.5 GHz;

C) that results of the studies conducted in accordance with Resolution 216 (Rev.WRC-2000)
showed the feasibility of using the band 14-14.5 GHz by AMSS (Earth-to-space) on a secondary
basis under certain conditions and arrangements?;

d) that the identification by ITU-R of technical and operational requirements for AES
operating in the band 14-14.5 GHz could assist administrations to prevent harmful and/or
unacceptable interference to other services;

e) that technical and operational characteristics should be continuously and accurately
measurable and controllable,

recommends
1 that the technical and operational requirements! for aircraft earth stations of AMSS

networks operating in the band 14-14.5 GHz given in Annexes 1 and 2 be used by administrations
as a guideline for:

- establishing conformance requirements for AES;
- facilitating AES operations.

1 The characteristics of the typical aircraft earth stations need to fulfil the requirements described in this
Recommendation and, further, need to be within the envelope of those initially published in the
International Frequency Information Circular (BR IFIC) relating to the corresponding FSS network. In the
case that the characteristics are outside of the envelope of those in the initial publication, the required
coordination of such an aircraft earth station needs to be effected in accordance with the current
provisions of the Radio Regulations (RR) and a modified Rule of Procedure as contained in § 2 of the
Rules of Procedure relating to RR No. 11.32, as appropriate.
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Annex 1

Technical and operational requirements for AES of AMSS
networks in the band 14-14.5 GHz (Earth-to-space)

Part A

Essential requirements related to the protection
of FSS networks

1 AMSS networks should be coordinated and operated in such a manner that the aggregate
off-axis e.i.r.p. levels produced by all co-frequency AES within AMSS networks are no greater than
the interference levels that have been published and coordinated for the specific and/or typical earth
station(s) pertaining to FSS networks where FSS transponders are used.

2 The design, coordination and operation of an AES should, at least, account for the
following factors which could vary the aggregate off-axis e.i.r.p. levels generated by the AES:

2.1 mispointing of AES antennas. Where applicable, this includes, at least, effects caused by
bias and latency of their pointing systems, tracking error of closed loop tracking systems,
misalignment between transmit and receive apertures for systems that use separate apertures, and
misalignment between transmit and receive feeds for systems that use combined apertures;

2.2 variations in the antenna pattern of AES. Where applicable, this includes, at least, effects
caused by manufacturing tolerances, ageing of the antenna and environmental effects. AMSS
networks using certain types of AES antennas, such as phased arrays, should account for variation
in antenna pattern with scan angles (elevation and azimuth). Networks using phased arrays should
also account for element phase error, amplitude error and failure rate;

2.3 variations in the transmit e.i.r.p. from AES. Where applicable, this includes, at least, effects
caused by measurement error, control error and latency for closed loop power control systems.
Network control and monitoring centres (NCMCs) that calculate the e.i.r.p. of AES based on the
received signal need to take into account error sources and latency in this calculation. NCMCs that
calculate the e.i.r.p. of AES based on input power must account for measurement error and
reporting latency.

3 AES that use closed loop tracking of the satellite signal need to employ an algorithm that is
resistant to capturing and tracking adjacent satellite signals. AES must immediately inhibit
transmission when they detect that unintended satellite tracking has happened or is about to happen.

4 AES should be subject to the monitoring and control by an NCMC or equivalent facility.
AES must be able to receive at least “enable transmission” and “disable transmission” commands
from the NCMC. AES must automatically cease transmissions immediately on receiving any
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“parameter change” command, which may cause harmful interference during the change, until it
receives an “enable transmission” command from its NCMC. In addition, it should be possible for
the NCMC to monitor the operation of an AES to determine if it is malfunctioning.

5 AES need also to be self-monitoring and, should a fault which can cause harmful
interference to FSS networks be detected, the AES must automatically mute its transmissions.

Part B

Essential requirements related to the protection of the fixed service

In the 14-14.5 GHz frequency band as used by fixed service networks, within line-of-sight of the
territory of an administration where fixed service networks are operating in this band, the maximum
pfd produced at the surface of the Earth by emissions from a single AES, of an AMSS network
should not exceed:

-132+0.5-6 dB(W/(m? - MHz)) for 0 < 40°
-112 dB(W/(m? - MHz)) for 40 < 8 < 90°

IN

where 0 is the angle of arrival of the radio-frequency wave (degrees above the horizontal).

NOTE 1 - The aforementioned limits relate to the pfd and angles of arrival that would be obtained under
free-space propagation conditions.

NOTE 2 — An e.i.r.p. mask can be derived from the aforementioned pfd mask by applying the method given
in Annex 2 of this Recommendation. Simplification of the resulting e.i.r.p. mask could also be considered.

Part C

Essential requirements related to sharing with the RAS

In order to protect the radio astronomy in the band 14.47-14.5 GHz, AMSS earth stations should
comply with both following measures:

AMSS channels in the 14.47-14.5 GHz band

- AMSS stations do not transmit in the 14.47-14.5 GHz band within line-of-sight of radio
astronomy stations operating within this band,;

or,

- if an AMSS operator intends to operate co-frequency within the visibility of the radio
astronomy station, a specific agreement with the radio astronomy station will be needed to
ensure that AMSS AES will meet the requirements of Recommendations ITU-R RA.769
and ITU-R RA.1513 within the 14.47-14.5 GHz band during observations. Where
practicable, this may include advance information to AMSS operators regarding
observation schedules.

AMSS channels in the 14-14.47 GHz band

All AES transmitters on channels in the 14-14.47 GHz band within line-of-sight of radio
astronomy stations during radio astronomy observations have emissions in the band
14.47-14.5 GHz such that they meet the levels and percentage of data loss given in
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Recommendations ITU-R RA.769 and ITU-R RA.1513. Results from studies show that the
following AES pfd levels (dB(W/(m?-150 kHz))) in the band 14.47-14.5 GHz are
sufficient, with some margin, to meet the radio astronomy pfd levels in Recommendation
ITU-R RA.769 and the percentage of data loss given in Recommendation ITU-R RA.1513,

i.e.:
-190+0.5- 0 dB(W/(m? - 150 kHz)) for 0 < 10°
-185 dB(W/(m? - 150 kHz)) for 10° < 6 < 90°

where 0 is the angle of arrival of the radio-frequency wave (degrees above the horizontal).

Such AES pfd levels in the band 14.47-14.5 GHz may be achieved by the AMSS operators through
a combination of reduced AES signal power, sharp filtering, maintaining adequate frequency
separation, or better AES antenna performance.

Part D

Essential requirements related to sharing with the space research service

Coordination agreements should be developed between AMSS and space research systems based on
controlling the emissions levels of the AES in the frequency band used by the SRS systems, and, in
severe cases, may require cessation of AES emissions on frequencies used by the SRS system when
operating in the vicinity of the space research earth station. Specifics of the agreements will vary
based on the characteristics of the individual SRS sites and the AMSS networks.

Annex 2

Derivation of a lower hemisphere e.i.r.p. mask from a pfd mask

In testing AMSS equipment to determine if it meets a given pfd mask, such as the one in Annex 1,
Part B, it may be useful to determine an equivalent e.i.r.p. mask that can be used for testing
purposes.

The pfd mask, pfd(6) where 6 is the angle of arrival (elevation angle) at the Earth’s surface, can be
used to mathematically determine an e.i.r.p. mask, e.i.r.p.(y, H) where v is the angle below the local
horizontal plane and H is the altitude of the aircraft. This conversion proceeds in two steps. First, y
is converted to an equivalent angle of arrival, 6. Then the length of the propagation path for angle of
arrival 0 is determined and used to calculate the spreading loss for the path and the resulting e.i.r.p.

Step 1: Calculation of an angle of arrival in degrees, 6, from y and H:

0 =arccos((Re + H) cos(y)/Re)
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where:
0: angle of arrival
Re: earth radius (6378 km)
H: altitude of the aircraft (km)
y: angle below horizontal.

NOTE 1 - If the argument of the arccos function is greater than 1, the propagation path in the direction of the
angle y does not intersect the Earth. In this case, which occurs for values of y of about 3.5° or less, a value
for 0 does not exist and so there is no defined value for the pfd mask.

Step 2: Calculation of the e.i.r.p. value from the defined pfd(6):
d =(RZ + (R + H)? = 2 Rg(Re + H) cos(y — 0))Y?

e.i.r.p.y, H) =pfd(6) +10 logyo(4 © d?) + 60

where:
d: distance between the AES and the considered point on the Earth’s surface (km)
pfd(0): (dB(W/(m? - MHz)))
e.i.r.p.: (dB(W/MHz)).

The graph in Fig. 1 shows this function for various aircraft altitudes based on the pfd mask provided
in Annex 1, Part B of this Recommendation.

FIGURE 1
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