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SECTION 2 SECTION 2 !! BROADBAND RF CHARACTERISTICS BROADBAND RF CHARACTERISTICS

2.1 UUSE OF SE OF AMS(R)SAMS(R)S BANDS BANDS

2.1.1 MessageMessage categories categories.  The transmission sequence at any aircraft earth station (AES) or
ground earth station (GES) will be ordered in accordance with a given priority scheme.  At the subnetwork
interface to the aeronautical mobile-satellite service (AMSS), the priority scheme for packet data is as
described in Table 7.12 of the AMSS Standards and Recommended Practices (SARPs).  Within the AMSS,
this external priority scheme is augmented with internal priorities assigned to various signalling and
voice-related functions.  At the link layer this augmented priority scheme is referred to as the Q-precedence
number and the resulting internal priority scheme is given in Table 2-1.  This “Q-precedence” number list
conforms to ICAO Annex 10 priorities, which in turn are derived from Article 51 of the Radio Regulations.
The single Q-precedence list includes both voice and data traffic, and also includes the signalling necessary to
integrate voice and data.  The Q-precedence numbers associated with the signalling were chosen to optimize
the over-all system performance and integrity. 

2.1.2 ReceiveReceive frequency band frequency band.  For historical reasons, most AESs may be capable of receiving
more than the required band of 1 544 - 1 555 MHz but not the full band suggested by the recommendations.
Typically, they cover the frequency band 1 530 - 1 559 MHz, and may not cover 1 525 - 1 530 MHz.

AMSSAMSS  Q-Q-NUMBERNUMBER FFUNCTIONUNCTION

15 Distress/urgency voice; signalling

14 Distress/urgency data messages

13 Reserved for signalling

12 Flight safety voice; signalling

11 Flight safety data messages;
communications related to direction finding

10 Meteorological and flight regularity voice; signalling

9 Reserved for signalling

8 Meteorological data messages

7 Flight regularity data messages

6 Aeronautical Information Service Messages

5 Aeronautical administrative data messages,
Network/systems administrative data messages

4 Routine cockpit and cabin voice; signalling

3-0 Various AAC and APC categories; other

Table 2-1.  Q-precedence structure for AMSS transmissionsTable 2-1.  Q-precedence structure for AMSS transmissions
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2.2 FFREQUENCY ACCURACY AND COMPENSATIONREQUENCY ACCURACY AND COMPENSATION

2.2.1 FrequencyFrequency accuracy accuracy.  This Standard reflects a requirement on the signal received by the
GES.  There are several contributors to the frequency error observed at the GES.  These include frequency
errors due to the satellite oscillator, due to relative motion between the aircraft and spacecraft, due to the local
oscillator of the GES (for a closed loop compensation system) and the local oscillator of the AES.  Efforts are
made to reduce the error caused by the first two as described below.  This Standard characterizes that portion
of the frequency error which is due to the AES and the aircraft motion relative to the satellite.  Consequently,
the proper frame of reference for measuring the transmit frequency is the satellite.  A practical test of this
requirement would use the AES frame of reference, and the corresponding value in the satellite frame of
reference would be calculated based on the aircraft position and velocity, and the satellite position.   

2.2.2 FrequencyFrequency compensation by the GES compensation by the GES.  To reduce the error due to the spacecraft
oscillators, the GES should listen to an L-band pilot frequency transmitted (at C-band) by a designated GES
and correct its transmission frequency to minimize the frequency error at L-band.  In the from-aircraft
direction a designated GES transmits an L-band pilot frequency which all GESs listen to at C-band and adjust
their receiver local oscillators accordingly.  This approach may not be possible in the case of satellite spot
beams where the GES is not within the footprint of the spot beam of interest. 

2.2.3 Doppler shift compensation by the AESDoppler shift compensation by the AES.  There are at least two methods of implementing
Doppler-shift compensation.  One approach is to use aircraft navigational aids to estimate the velocity of the
aircraft in the direction of the satellite and then, estimate the Doppler shift from this.  A second approach is to
estimate the Doppler shift by measuring the frequency offset of the received P channel or C channel.  For this
latter approach the frequency of any transmission to that ground earth station is then the basic channel
frequency offset by the receive frequency offset with opposite sign and a scaling factor of approximately 1.07.
This approximately corrects the component of the frequency error due to aircraft motion (Doppler shift) but
does not correct errors in the AES local oscillator.

2.2.4 Frequency error budgetFrequency error budget.  The frequency error budgets used in arriving at the accuracy
requirements for the GES-AES link are presented in Tables 2-2 and 2-3.  Note that in Table 2-2 the Doppler
shift due to aircraft motion is not included, and in Table 2-3 it is assumed to be compensated for.
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SSPECIFICATIONPECIFICATION SSTANDARD DEVIATIONTANDARD DEVIATION

GES transmit reference error ±100 Hz 57.7 Hz

AFC pilot transmit error ±100 Hz 57.7 Hz

GES AFC error ±100 Hz 57.7 Hz

AES receive reference error ±155 Hz 89.5 Hz

Oscillator related errors at AES
- standard deviation
- 99 per cent contour

134.2 Hz
±345.6 Hz

Notes:
1. It is assumed that oscillator specifications define a uniform error distribution.
2. The contribution of a number of oscillators to the overall error is estimated using a root-sum-square

calculation.

Table 2-2.  Frequency error budget for receiving the P channelTable 2-2.  Frequency error budget for receiving the P channel

SSPECIFICATIONPECIFICATION SSTANDARD DEVIATIONTANDARD DEVIATION

AES receive reference error x 1.071 ±107 Hz

AES transmit/receive reference error ±(165+155) = ±320 Hz 184.8 Hz

AES AFC error ±100 Hz 57.5 Hz

AFC pilot transmit frequency error2 ±75 Hz 43.3 Hz

GES AFC error2 ±100 Hz 57.7 Hz

Frequency error at GES demodulator
- standard deviation
- 99 per cent contour3

232.6
±600 Hz

1. This is the total of the first three contributors to frequency error for the P channel.  The factor of
1.07 is the approximate ratio of the transmit and receive frequencies.

2. The combination of the GES AFC error and the AFC pilot transmit error produce the frequency
error of the satellite translation oscillators on the return link.

3. This is the GES demodulator specification.

Table 2-3.  AES-to-GES frequency error budget with a P channel referenceTable 2-3.  AES-to-GES frequency error budget with a P channel reference
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2.3 AAIRCRAFT EARTH STATION ANTENNA CHARACTERISTICSIRCRAFT EARTH STATION ANTENNA CHARACTERISTICS

2.3.1 AntennasAntennas and level of capability and level of capability.  The Standards specify high and low-gain antenna systems,
but one should note that these are not linked directly to a level of capability of AES.  A high-gain antenna,
with the supporting avionics, will mean a Level 2, 3 or 4 AES installation; and a low-gain antenna, with the
supporting avionics will always lead to at least a Level 1 AES installation.  In the future, different system
characteristics may be capable of providing a Level 2 or higher service.  For example, the combination of
satellite spot beam antennas and a medium gain aircraft antenna may be capable of providing a Level 2 or
higher service.  The level of service provided to an aircraft will depend not only on its capabilities but those of
the service providers as well.

2.3.2 Mid-gainMid-gain antennas antennas.  AES antennas may be desirable for AMSS use that do not conform
strictly with “0 dB” or “12 dB” standards as inferred by the SARPs EIRP and G/T parameters.  Where
aircraft are limited to mounting a small antenna even for voice services, the SARPs would not preclude use of
a medium-gain AES antenna.

2.3.2.1 Considering available AES HPA power, a medium-gain antenna could be used while
maintaining necessary channel quality;  e.g. an 8-11 dB gain would have ample EIRP to operate at 10.5
kbits/s, and an antenna with 5-8 dB gain could operate at 4.8 kbits/s ! given that satellite P channels are
operated with sufficient power.

2.3.2.2 Higher-gain future satellites could serve AESs with lower G/T and EIRP, but may have an
effect of potentially higher service costs and reduced system capacity.  AES antennas with gain less than
12 dBic may be considered similar operationally to low-gain antennas because they have too broad a beam to
discriminate against other satellite interference.  The breadth of their use will depend on user requirements for
medium-gain antenna installations and acceptance of resulting limitations.

2.4 RRECEIVER REQUIREMENTSECEIVER REQUIREMENTS

2.4.1 Gain-to-nGain-to-noise temperature ratiooise temperature ratio.  The following factors influence the aircraft earth station
receive system gain-to-noise temperature ratio (G/T):

a) climatic conditions;

b) antenna elevation angles to the satellite;

c) with residual antenna pointing errors (including the effects of errors introduced by the
antenna beam steering system);

d) the noise contribution of the receiver low noise amplifier at the operating temperature;

e) the transmitter power amplifier output level;

f) the attenuation and noise temperature contributions of a radome, where a radome is
fitted; and
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g) the RF environmental conditions in which the aircraft earth station is intended to
operate.

2.4.2 TypicalTypical link carrier to noise densities link carrier to noise densities.  Tables 2-4a, 2-4b and 2-4c show typical
carrier-to-noise spectral density ratios (C/Nos) for the P, R, T, and C channel services.  In these tables
modem implementation losses refer to losses in the practical implementation of a modem relative to ideal.
This includes the effects due to non-ideal filtering, non-ideal synchronization in either time or frequency,
non-ideal modulation, and non-linearities in the up and down-converter chains.  The analysis of the RF link is
provided in Attachment 1.

TTYPICAL YPICAL CC CHANNEL CARRIER TO NOISE DENSITIES CHANNEL CARRIER TO NOISE DENSITIES

To-aircraft link C channels
(voice)

From-aircraft link C channels
(voice)

Elevation angle to the satellite
(degrees)

5 20 5 20

Objective FEC decoder output BER 10-3 10-3 10-3 10-3

AES minimum antenna gain (dB) 12 12 12 12

Carrier/multipath ratio (dB) 10 12 10 12

Multipath fading bandwidth (Hz) 20 to 100 20 to 100 20 to 100 20 to 100

FEC coding rate ½ ½ ½ ½

Modulation method A-QPSK A-QPSK A-QPSK A-QPSK

Theoretical required Es/No (dB) 1.2 0.6 1.2 0.6

Modem implementation loss (dB) 1.1 0.9 1.1 0.9

Imperfect interleaving loss (dB) 3.0 1.2 3.0 1.2

Adjacent channel interference loss
(dB)

0.1 0.1 0.8 0.8

Modem Eo/No (dB) required 5.4 2.8 6.1 3.5

Required C/No (dBHz)

21.0 kbits/s 48.6 46.0 49.3 46.7

Table 2-4a.  Typical C channel carrier to noise densities requiredTable 2-4a.  Typical C channel carrier to noise densities required
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TYPICAL P CHANNEL CARRIER TO NOISE DENSITIES

To-aircraft link P channels
(low rate data)

To-aircraft link P channel
(high rate data)

Elevation angle to the satellite (degrees) 5 20 5 20

Objective FEC decoder output BER 10-5 10-5 10-5 10-5

AES minimum antenna gain (dB) 0 0 12 12

Carrier/multipath ratio (dB) 7 12 10 12

Multipath fading bandwidth (Hz) 20 to 100 20 to 100 20 to 100 20 to 100

FEC coding rate ½ ½ ½ ½

Modulation method A-BPSK A-BPSK A-QPSK A-QPSK

Theoretical required Es/No (dB) 5.0 3.5 2.8 2.4

Modem implementation loss (dB) 1.2 1.1 1.5 1.1

Imperfect interleaving loss (dB) 1.0 0.5 1.0 0.5

Adjacent channel interference loss (dB)1 0.1 0.1 0.1 0.1

Modem Es/No (dB) required 7.3 5.2 5.4 4.1

Required C/No (dBHz)

0.6 kbits/s 35.0 32.9

1.2 kbits/s 38.1 36.0

2.4 kbits/s 41.1 39.0

4.8 kbits/s 42.2 40.9

10.5 kbits/s 45.6 44.3

Notes
1. The adjacent channel interference loss is a function of channel spacing.  The example losses are for

channel rates of 2.4 and 10.5 kbits/s, for A-BPSK and A-QPSK, respectively.  The losses should be no
greater for the other channel rates because the channel spacing, relative to the channel rate, will be
larger.

2. The low data rates (A-BPSK) can also be used with high gain antennas with potentially less C/No

required. 

Table 2-4b.  Typical P channel carrier to noise densities required
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TYPICAL R/T CHANNEL CARRIER TO NOISE DENSITIES

From-aircraft link R/T channels
(low rate data)

From-aircraft link R/T channel
(high rate data)

Elevation angle to the satellite (degrees) 5 20 5 20

Objective FEC decoder output BER 10-5 10-5 10-5 10-5

AES minimum antenna gain (dB) 0 0 12 12

Carrier/multipath ratio (dB) 7 12 10 12

Multipath fading bandwidth (Hz) 20 to 100 20 to 100 20 to 100 20 to 100

FEC coding rate ½ ½ ½ ½

Modulation method A-BPSK A-BPSK A-QPSK A-QPSK

Theoretical required Es/No (dB) 5.0 3.5 2.8 2.4

Modem implementation loss (dB) 1.2 1.1 1.5 1.1

Imperfect interleaving loss (dB)1 1.2 0.6 1.0 0.5

Adjacent channel interference loss (dB)2 0.1 0.1 0.4 0.4

Modem Es/No (dB) required 7.5 5.3 5.7 4.4

Required C/No (dBHz)

0.6 kbits/s 35.0 32.9

1.2 kbits/s 38.1 36.0

2.4 kbits/s 41.3 39.1

4.8 kbits/s 42.5 41.2

10.5 kbits/s 45.9 44.6

Notes:
1. The interleaver loss is a function of channel rate, the example losses correspond to channel rates of

2.4 and 10.5 kbits/s for A-BPSK and A-QPSK, respectively. 
2. The adjacent channel interference loss is a function of channel spacing, the example losses

correspond to channel rates of 2.4 and 10.5 kbits/s for A-BPSK and A-QPSK, respectively.  The losses
should be no greater for the other channel rates because the channel spacing, relative to the channel
rate, will be larger.

3. The low data rates (A-BPSK) can also be used with high gain antennas with potentially less C/No

required. 

Table 2-4c.  Typical R/T channel carrier to noise densities requiredTable 2-4c.  Typical R/T channel carrier to noise densities required

2.4.3 ReceiverReceiver linearity linearity.  There are multiple satellite systems being planned which have maximum
L-band EIRP of 58 dBW at the centre of the antenna beam.  Considering the worst case where the antenna
beams of two such satellite systems overlap, the receiver must tolerate a total in-band power flux density of
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-100 dBW/m2.  This is derived from the combined two-satellite EIRP (62 dBW), minus a spreading loss of
162 dB. 

2.4.4 ReceiverReceiver out-of-band performance out-of-band performance.  Potential threats to receiver performance include
terrestrial mobile communications systems and high-power sources, including television transmitters with
EIRP in the megawatt range and surveillance radars which are naturally located at airports and may occur
along the flight route.

2.4.4.1 Under radio environmental conditions where high-power, out-of-band signals may be near the
flight path, the receiver's RF filter should protect against receiver saturation, which could reduce gain and
degrade performance.  Additionally, performance may be affected by such sources due to receiver image and
spurious responses.  As an example, a power flux density at the AES antenna of +3 dBW/m2 could occur at
a distance of a kilometre from a multi-megawatt transmitter such as permitted for television at frequencies
from 470 to near 800 MHz.  To protect from saturation, the RF filter would need a minimum of 75 dB
rejection.  Protection from degradation due to image and spurious responses is specific to the receiver design.

2.4.4.2 For a 5 000 kW peak power radar with a boresight gain of 34 dB, power levels can reach
100 dBW in the main beam.  It has been calculated that, for an AES located 500 meters from a
airport-located weather radar, the flux density could be as high as 30 dBW/m2 below 1 459 MHz, and
38 dBW/m2 from 1 675 to 18 000 MHz.  It is not necessary to operate under these levels, but the
equipment should survive without damage. 

2.4.5 ReceivedReceived phase noise phase noise.  The phase noise that the AES receiver must tolerate while operating
within the SARPs specifications is illustrated in Figure 2-1.  This mask includes phase noise contributions of
the transmitter and of the satellite.  In practice, the receiver must be able to tolerate larger amounts of phase
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Figure 2-1. Phase noise of L-band signals received by AESFigure 2-1. Phase noise of L-band signals received by AES

noise that are due to fading of the received signal.

2.5 TTRANSMITTER REQUIREMENTSRANSMITTER REQUIREMENTS

2.5.1 EIRPEIRP limits limits.  An AES that is capable of an EIRP of 13.5 dBW should always be able to use
the 0.6 kbit/s R and T channels when the satellite elevation angle exceeds 5 degrees.  An AES that is capable
of an EIRP of 25.5 dBW, and has the supporting avionics, will be capable of Level 2, 3 and 4 service grade
portions of Levels 3 and 4.  In practice the transmitted power will usually be backed off from these settings,
by an amount that depends on the system configuration. 

2.5.1.1 The “maximum allowable operating EIRP” is based on a limit established from combined
effects of HPA IM (active) and passive-component IM.

2.5.2 EIRPEIRP control control.  The requirement for control for the AES EIRP by the GES is for two
reasons.  The first reason is for dynamic power control of the C channel to optimize the system capacity.  The
second is to make optimal use of future spot beam satellite systems.

2.5.2.1 In initial AMSS operations using satellites with global beam coverage, an AES EIRP control
range of 16 dB is required for both Class C (Levels 1-3) and Class A (Level 4 multi-channel) high-power
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amplifiers to cover selectable channel rates and variables in AES antenna gain.  In C channel operation the
AES EIRP is also frequently adjusted according to the GES-measured bit error rate.  Therefore, for Level 4
AESs an additional 16 dB of control is presently required.  

2.5.2.2 In future systems, AES transmission within an EIRP range satisfactory to satellite service
operators may require a different control range.  For example, the higher G/T of future spot beam satellites
could require less AES EIRP, leading to a need for a larger control range.  The range cannot be closely
predetermined because spot beam size that affects satellite G/T is a future operator design choice.

2.5.3 Out-of-bandOut-of-band EIRP spectral density EIRP spectral density.  The out-of-band EIRP including spurious, harmonics,
intermodulation products and noise radiated by the AES should not cause harmful interference to other radio
services.  In particular, they should not interfere with other aeronautical communications/navigation radio
services such as global positioning system (GPS) which operates in the band 1 565 - 1 585 MHz, global
orbiting navigation satellite system (GLONASS) operating in the band 1 598 - 1 609 MHz, the AMSS
receive band 1 525 - 1 559 MHz, and the VHF band 108 - 137 MHz.

2.5.3.1 SARPs Table 2-3 provides for a maximum EIRP density of -155 dBc/1 MHz in the 1 565
- 1 585 MHz band, which protects GPS receiver operation on the same aircraft as AMSS, and also GPS
operation on nearby aircraft.

2.5.3.2 Table 2-3 also indicates that the maximum EIRP spectral density should be
-105 dBc/1 MHz in the 1 602-1 605 MHz band and -85 dBc/1 MHz in the 1 605-1 610 MHz band.
These limits will improve protection for GLONASS receiver operation (assuming a future move downward in
frequency of the upper edge of the GLONASS band) on nearby aircraft.  The AMSS SARPs
Section 2.3.5.8.2 recommendation for a maximum density of -140 dBc/1 MHz is intended to protect
GLONASS receiver operation on the same aircraft as AMSS assuming 40 dB of antenna isolation.  The EIRP
density should not be greater than -105 dBc/MHz to protect navigation equipment in that band on other
nearby aircraft. 

2.5.4 IntermodulationIntermodulation (IM) products (IM) products.  Control of unwanted emissions from the AES is important
to system operations in order to avoid blocking channels and reducing needed spectrum.  Intermodulation
occurs during multicarrier (Level 4) operation on predictable frequencies related to wanted signals due to
component non-linearities.  Potential sources are many, but can be controlled.  Minimizing IM effects is
accomplished both in AES design for linearity meeting the standards and in operation.

2.5.4.1 Intermodulation products (IM) that may be emitted by a Level 4 AES in multicarrier
operation arise both from the high-power amplifer (HPA) and from other passive components that subject to
high AES RF power levels.  Passive components causing IM may include connectors, particularly if they are
subject to corrosion or looseness; and the diodes used in phased-array antennas.  Depending on the choice of
frequencies and levels in the GES, such IM can appear at frequencies and levels in the AES receiver that will
degrade BER, disable reception, or affect reception of signals by other aircraft equipment.  

2.5.4.2 AES-transmitted IM can block GES receivers.  The HPA is a primary IM source because its
linearity is limited by technology and heat dissipation.

2.5.4.3 Intersystem effects may arise from Level 4 AESs that may radiate IM.  An AES operating
with a global beam satellite must transmit higher EIRP than an AES operating with a more sensitive
spot beam satellite.  Therefore, this higher level of IM would be more readily recieved by the spot beam
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satellite for relay to its GES, where it could impair reception of that channel.  Even if the two satellites are
using separated portions of the frequency band and therefore cannot reuse the same assigned channel
frequencies, the global beam AES transmitter's IM that is out of assigned channels could fall into the spot
beam satellite's band.  All GES frequency and EIRP level assignments should account for this possibility.

2.5.5 Frequency managementFrequency management.  Careful frequency management is needed because:

a) AMSS includes safety services;

b) there is concern about the availability of adequate AMSS spectrum, and adequate
capacity for AMSS safety services; and

c) the difficulty in co-ordinating mobile satellite networks due to the poor discrimination
characteristics of mobile station antennas.

Guidelines that should be considered when co-ordinating frequency plans to minimize intra and interservice
interference include:

a) compliance with the relevant ITU Radio Regulations;

b) each provider should provide monitoring facilities to identify the actual usage of
AMS(R)S and non-AMS(R)S communications;

c) in those AMSS systems with global and spot beams, operational measures to
minimize the amount of global bandwidth used and to maximize the use of spot
beams;

d) using the International Radio Consultative Committee (CCIR) three-phase
technical co-ordination method, wherever possible (see CCIR Report 1185);

e) efficient spectrum use including the following:

1) using other system providers' satellite transponder guard bands;

2) using frequency assignment by aircraft location;

3) taking advantage of improvements in aircraft earth station antenna sidelobe
discrimination;

4) using offset and interleaved carriers;

5) using satellite spot/shaped beams;

6) reducing spacecraft antenna sidelobe levels;

7) increasing the resistance of systems to interference;

8) using earth station power control;
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9) using satellite transponder adjustable gain setting;

10) using knowledge of operational schedules to take advantage of the difference in
time zones;

11) appropriately grouping carriers;

12) repositioning satellites; and

13) taking advantage of high-gain AES antennas and the resulting ability to use lower
carrier powers.

2.5.6 TransmittedTransmitted phase noise phase noise.  The phase noise mask that the AES transmitter must meet is
illustrated in Figure 2-2.  The purpose of this mask is to minimize the contribution of the AES transmitter
phase noise to the degradation of GES performance.

2.6 IINTERFERENCENTERFERENCE

2.6.1 IntrasystemIntrasystem interference interference.  Intrasystem interference refers to interference among AMS(R)S
services.  Some examples would be co-channel, adjacent channel interference and intermodulation noise.  Due
to disparate satellite system designs, there is no single specification for intrasystem interference.  Each satellite
system operator must be able to show that intrasystem interference to AMS(R)S services, when combined
with other noise sources in the link, does not degrade the achieved link C/No below the required C/No for a
given performance.

2.6.2 IntersystemIntersystem interference interference.  Intersystem interference refers to interference to an AMS(R)S
service from any other system, whether it is providing AMS(R)S services or otherwise.  Required performance
should be maintained at whatever level of interference is adopted as operable through co-ordination among the
particular satellite system operators.  As a minimum, the AMSS satellite system should provide adequate
performance in the presence of single-entry interference resulting in a ªT/T of 6 per cent, as adopted by
WARC-ORB-88 as the threshold requiring co-ordination between satellite systems.  A suggested criterion for
aggregate interference due to all sources, including intra-system interference, is a ªT/T of 20 per cent.
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Figure 2-2. AES transmit phase noise maskFigure 2-2. AES transmit phase noise mask
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