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ABSTRACT

New communication services are developing quite fast in Europe. At long term they will
certainly be handled mostly by a terrestrial network with satellite links to complement
when it is more cost effective.

Future satellite payloads shall thus be designed to meet new demands especially as regards
growing and fluctuating traffic patterns. Unfortunately, meaningful forecasts cannot be
made, as yet.

In this context, a payload technologies assessment exercise is presently being carried out
by ESA. The scarcity of data concerning the expected traffic has been compensated for by
the introduction of “pilot missions”. Although hypothetical they correspond to various
scenarios and provide the required system background.

This paper outlines the pilot missions characteristics and reviews the critical payload
technologies which are concerned and ought to be developed in order to meet the next
decades challenges.

The “pilot missions” include: an extensive provision of specialised services in the
11/14 GHz frequency range, a very high capacity service at 20/30 GHz for a
videocommunication application and a global service at L-Band for aeronautical, land and
maritime mobiles.

The associated technologies focus essentially on antennas and signal processors. The
antenna sub-system must generate high gain spot beams. Low sidelobes requirements are
also an essential characteristic in view of an efficient frequency re-use. Large reflectors
will be necessary, with possibly a deployment in orbit. Complex and active feed networks
will be implemented. On board signal processing represents another major break-through
in payload technologies. RF switching matrices could be the baseline for the specialized
services at 11/14 GHz. Regeneration with routing performed at baseband will be an



essential feature of the 20/30 GHz application. At L-Band a data bus concept is an
attractive approach.

INTRODUCTION

The interest for new communication services is growing in Europe and many plannification
offices, in national and international organisations, are now trying to define the most
suitable network(s) to support them.

The European telephony network is dense and covers almost every part of all the
countries. However its narrowband characteristics do not fit with the wideband
requirements of most of the new services envisaged for the next two decades. Alternative
technologies are being considered, in particular the implementation of optical techniques,
but this entails an enormous investment at European level. A high confidence in the
success of future markets becomes then the prerequisite to the development of advanced
networks. On the other hand, a market cannot really expand without an adequate network.

Satellite represent a rather elegant and cost effective way out of this dilemma. They have
inherent wideband capacity and a fast implementation time. They offer, at once, point to
point or multipoint connection within any part of the covered zone. These unique features
makes them ideal tools for the promotion and trials of news services. Eventually they can
provide the initial infrastructure for those which turned out to be successful, until a
(possible) cheaper network is set up. Such an approach is illustrated in Europe with the
impeding launch of the European Communication Satellite (ECS) that will embark a
‘Specialized Services’ package (1983), and of the French ‘Telecom-l’ satellite (1983).
These satellites will handle quite few channels and are of conventionnal design, using
mostly the technologies previously developed in other programmes (Symphonie, OTS..).
As the traffic grows, the space segment will have to have a much higher capacity while
keeping all flexibility. This will inevitably lead to different concepts and new payload
designs.

In this context, a payload technologies assessment exercise is presently being carried out
by ESA. The data concerning the traffic pattern and evolution of the future services are
rather scarce and cannot really be relied upon for the sizing of the required space segment.
In order to get round this problem, ‘pilot missions’ have been considered. Although they
do not necessarily correspond to planned ESA missions, they represent various possible
scenarios and offer a sound system background for a meaningful evaluation of the payload
technologies that would be required. Two of them are related to the fixed service and
another one to the mobile service. They are described hereafter as well as their associated
RF technologies.



THE SPECIALIZED SERVICES MISSION

It is an extension of the mission foreseen for the actual ECS and Telecom-1 satellites. A
possible time scale foe application would be the early 90’s. Typical applications are: low-
rate data transfer or medium rate facsimile at 9.6 kb/s; voice, data, high-speed facsimile at
32/64 kb/s; high-speed data, possibly low resolution video or users’ own multiplexed
traffic at 2Mb/s. Bit Error Rates(BER) better than 10-4 for 99.7 % of time and 10-6 for
99 % of time are specified for the voice and video links and they are better than 10-9 for
99.7 % of time and 10-12 for 99% of the time for data links between digital processors.
Forward Error Correction (FEC) coding is used to give detection and some correction of
errors but for highest overall quality an automatic request for repeat (ARQ) system is
offered for use upon detection of uncorrectable errors. In addition to encoding the data are
encrypted.

The satellite network is TDMA. It operates at 25 Mb/s with a frame length of 20 ms for
compatibility with earlier systems. It supports up to 50 channels; each requiring a
bandwidth of about 20 MHz.

To keep their costs down, the earth station antenna size is 4.5m. A reduction to 3 metres is
not thought desirable since stations will in any case carry concentrated traffic. Small-
aperture earth stations are also more difficult to coordinate.

The RF frequency bands are: 14/14.25 GHz for the up-link and 12.5/12.75 GHz for the
down-link. The spectrum available is thus 250 MHz, whereas 1 GHz is necessary for the
service, it must therefore be re-used at least 4 times. A typical link budget is presented in
table 1. It shows, in particular, that the satellite antenna gain must be higher than 34 dB in
the coverage (Western Europe). This implies that 20 to 25 spot beams are necessary, each
with a Half Power BeamWidth (HPBW) of about 1.12E. These beams are disposed in a
regular triangular lattice.

In one approach considered, each pencil beam covering one circular zone originates from a
cluster of 7 feeds. To achieve the required feed spacing and isolation, clusters for 2 beams
must share one or two elements, shared elements are then contributing to two or three
beams, at different frequencies. This solution enables low sidelobes levels (typically 30 dB
at few beamwidths) to be achieved. It requires an offset reflector of about 2 meters with a
complex feed array.

The distribution network and the RF sensing signal extraction from a few elements are
other critical elements. Apart from the complexity and losses of the feed network, a
drawback of this configuration is the large gain, and therefore flux, variations over the
coverage area (typically 6 to 10 dB).



Uplink 14 GHz

Earth station transmit power
Feeder losses
Antenna gain (4.5m) n = 55%
Pointing loss (0.1E)
Earth station EIRP
Space loss
Propagation margin (99.9% annual)
Satellite Rx antenna gain (eoc)
Satellite noise temp.
Satellite G/T
Uplink C/No

Uplink C/Io

Total Uplink C/(No + Io)

20.0 dBW
1 dB

53.8 dBi
1.1 dB

71.7 dBW
207.4 dB

3.0 dB
35 dBi
30 dBK
5 dB/K

94.9 dBHz
95.0 dBHz
91.9 dBHz

Downlink 12.5 GHz

Satellite transmit power (6.3W)
Feeder loss
Satellite Tx antenna gain (eoc)
Satellite EIRP
Space loss
Propagation loss (99.9% annual)
Earth station receive gain
Pointing loss
Earth station receive system temp.
Downlink C/No

Downlink C/Io

Overall C/(No + Io)
E/No (Theoretical , 10-6 b.e.r.)
Symbol rate (25 Mb/s) 
Implementation “Margin” 

13 dBW
1 dB

34 dBi
46 dBW

206.4 dB
2.0 dB

53 dBi
1.0 dB

27 dBK
91.2 dBHz
95.0 dBHz
87.6 dBHz
11.6 dBHz
71 dBHz
5 dB

Table 1:  Typical link budget for a specialised services mission

A second approach consists of using a set of contoured/shaped beams originating from a
larger aperture (typically 4 meters). Each beam is also generated from a cluster of feeds
but larger than previously. Peripheral elements of the feed cluster are also shared between
two or more beams. The advantage of this configuration is that the gain (flux) over the
coverage area has lesser variations. Problems of feed complexity and losses still exist,
aberrations due to large element beam scanning are increased.



In either case it is difficult to optimise the feed elements for both transmit and receive (and
for some of them, for RF Sensing as well !).

Polarisation sensitive reflectors are also considered to ease the problem of frequency re-
use.

All the elements making up the antenna sub-system are being studied by the European
industry under ESA contracts.

The connection between up- and down-links beams is a new problem for the payload. It is
assumed for the present that the switching is done at RF. The matrix is narrow-band in the
sense that it is designed basically to pass one TDMA signal bandwidth. Appropriate on-
board local oscillator frequencies must therefore be provided. However the advantages of
using some wider-band links is retained for consideration.

The simplest concept considered is a full n x n crossbar switch connecting a single output
with a single input at any given setting. It is necessary only to ensure that the switch matrix
is matched to the input and output on an individual crosspoint basis. An attractive
possibility is to implement the matrix as a monolithic GaAs FET device. Only operating
crosspoints (i.e. “ON”) would absorb power, perhaps 50mW or less each, and only n of
these would be ON at any time. Switching could be very fast, in the order of a hundred
picoseconds. This is a very simple topology but it offers only limited possibilities for
redundancy arrangements. In addition to the “single connection” arrangement it is quite
likely that “broadcast” and collect” modes will be desired, for example for synchronisation
or conferencing. In this case N cross-points must be matched typically. These require N
N-way dividers and combiners at the input and output of the switch matrix respectively,
with associated losses. The complexity of doing this is to be traded-off against other
methods of achieving full connectivity.

The switching arrangements to improve redundancy possibilities is the subject of a special
studies, (where the device manufacturers are associated from the earliest design stages),
aiming at the selection of possible configurations.

Antennas and RF switching are thus the two critical sub-systems of the payload. It is not
anticipated that other RF elements would need special attention, the figures of table 1
indicate, in particular, that the level of RF power (20W per channel) and noise temperature
are in the range of the present state of the art, as well as the requirements for the Local
Oscillators.



THE VIDEOCOMMUNICATION MISSION

This mission represents, in fact, the provision of wideband services to a vast community of
users scattered throughout Western Europe. Its operational implementation could be in the
late 90’s. For convenience, an elementary channel has been defined. It is characterised by
a bit rate of 8.5 Mb/s and a QPSK modulation with an efficiency of about 1.2 b/s/Hz,
which implies a RF bandwidth of 7 MHz, with some guardbands. Such a channel is meant
to be typical for the transmission of colour TV images, after suitable signal compression,
in view of a teleconference application.

The total traffic considered is 1000 (elementary) channels. Half of them being processed
through 10 to 15 large stations, in well defined places, and acting as concentrators between
local (optical) loops and the satellite. The second half (i.e. 500 channels) is for the traffic
with small and cheap ground stations (located on the user’s premises), in principle
anywhere in the coverage.

In view of the large RF bandwidth required (about 7 GHz), it is necessary to have the RF
carriers in the Ka bands, i.e. 27.5-30 GHz in the up-link and 18.1-20.2 GHz in the down-
link.

In the up-links, two cases are considered: for the large stations, 55 elementary channels
arriving from the local network are Time Division Multiplexed (TDM), onto a RF carrier
giving thus a transmitted bit rate of about 480 Mb/s. These stations access then the satellite
in a FDMA mode. The small stations access the satellite in a Single Channel Per Carrier
(SCPC) mode with a bit rate of 8.5 Mb/s.

The signals are then demodulated in the satellite and routed towards their assigned down-
link beam (i.e. the traffics for large and small stations can be mixed in the satellite), where
they are suitably remodulated.

In the down-links to the large stations elementary channels are again TDM in blocks of 55,
and to the small stations they are TDM in blocks of 5 in order to simplify somewhat the
RF amplification sub-system.

This on-board regeneration makes the up- and down-links performances independent.

All transmissions are digital and a QPSK modulation scheme is assumed. A BER better
than 10-4 is assumed for the overall transmission, this is equivalent to a ratio of Energy per
bit over Noise density (Eb/No) of 12.7 dB. The average atmospheric attenuation is 12 dB in
the up-link and 5.6 dB in the down-link. The large stations have an antenna gain of 60 dB
(Reflector diametre of 8m), with satellite tracking but no RF power control. The small



stations have an antenna gain of 50 dB (diameter of 2.5m), no satellite tracking and no
power control.

The ratio of the ground stations gains is 10 dB but this is also the ratio of the bit rates,
therefore the satellite antenna gain can be the same for types of traffics. Its value is 46 dB
in the coverage. This corresponds to spot beams having a HPBW of .25E and a minimum
beams separation of also . 25E if the beams are disposed in a regular pattern with a
triangular lattice. Figure 1. shows a typical European coverage where more than 100
beams are necessary to provide the service.

Figure 1.  TYPICAL EUROPEAN COVERAGE IN THE Ka BAND

As for the specialized services mission, frequency must be re-used and therefore a tight
control of the sidelobes level is necessary. A (dual) offset reflector system is the concept
presently considered. The diameter of the main reflector is about 4m.

Transmit and receive are done with independent antenna subsystems. The large and small
stations traffics are handled on orthogonal polarisations. The feed network is very complex
with the spot beams generation requiring clusters of feeds. In one approach, separate feeds
networks are considered for the two traffics and a polarisation sensitive subreflector
enables the illumination of the same main reflector. An other approach is to have 



orthomode transducers in the feed common to both traffics, the antenna itself is simplified
but at the expenses of the feed network.

Before embarking in a full scale development programme, preliminary activities have been
initiated on the critical antenna parts, both at electrical and mechanical level. Figure 2
shows, for example, the breadboard of a 21 elements offset (2.5m) reflector antenna on an
outdoor test range. Beam pointing techniques are also the subject of detailed studies.

Figure 2.  21 elements offset antenna in the Ka band



Although moderate average values have been considered for the atmospheric attenuation,
much higher values could occur for short periods. Studies are therefore carried out in order
to refine the propagation models in Europe, since this could have a strong impact on the
repeater designs, for example adaptive links might be neccessary in some beams.

The large number of channels to be handled (1000) by the satellite makes signal
processing a key subsytem of this mission. After preliminary trade-offs, a solution with a
on board regeneration has been retained. The independence of the up- and down-links is
rather interesting in a system with a high level of interferences. Fast developments in
integration technologies (VLSI) make it possible to consider that processors can be
manufactured with the levels of DC consumption, mass and reliability which are required
for satellites.

As for the antenna, partial studies have been undertaken before considering a full scale
development. For example, a contract for the analysis of a 16x16 baseband matrix has
been placed by ESA. The bit rate specified is 120 Mb/s. Figure 3. shows its block-
diagram. Emphasis is also put on the improvement of modulators and demodulators
performances which show, at the moment, a too high power consumption to be seriously
considered in a very high capacity space segment.

Other units, although from a more conventional design, are also critical. The low noise
receiver where a typical noise figure of 3 to 4 dB must be achieved, (whereas the actual
state of the art is 7 to 8 dB). A development programme is presently running with GaAs
FET. The RF power amplifier shall provide about 30 watt RF per carrier. This is well
within the capabilities of the TWTA’s technology but Solid State Amplifiers (SSA) are
also under consideration especially for the configurations where the same feed can be used
for the generation of several beams. GaAs FET offer interesting prospects and are being
characterized.

The high number of feeds and their close spacing will put stringent mechanical, thermal
and packaging constraints on the RF amplifiers and the output filters. For the latter,
dielectric resonator technologies represent an attractive solution.

THE NARROWBAND MISSION

This mission outlines the superiority of satellites to provide services to mobile users. It can
be considered as one or two steps beyond the system that Inmarsat is setting up. It is
addressing a large category of users (maritime, aeronautical and terrestrial) which would
be satisfied with a service quality lesser than with Inmarsat. Of course the terminals are
less performing but they are cheaper. These sort of service’s, all digital, comprise voice
transmission at less than 10kb/s (as would be posssible with, for example, hybrid 



Figure 3.  16x16 baseband matrix- 120 Mb/s

vocoders), and telex at low (1.2 kb/s) bit rate. The bandwidth required for a channel is
therefore small. The mobile terminal performance is characterized by a low G/T (between
-19 and -24 dB/EK) and EIRP (12 to 15 dBW). The antenna gain is in the order of 0 to 4
dB, which means that the multipath signal is not discriminated as this level and protection
must be achieved by modulation and coding.

Simulation facilities, with a minicomputer and its peripheral equipment (array processor
etc...) is being set up in ESTEC to enable the evaluation of different modulation and
coding schemes efficiency in this multipath environment. Vocoders, modems and codec
are simulated in the computer and an external multipath simulator will be connected to it to
represent various channel conditions.

The coverage is global and the satellite is located at a suitable position for the three
services (maritime, aeronautical, land). A link budget analysis indicates that, at L-Band,
the satellite antenna gain must be greater than 35 dB to have an acceptable transmission.



The approach presently under consideration to generate the beams (beamwidth in the order
of 1 to 2E) is an ‘imaging’ system where a large reflector, diameter of 10 to 12m, is
properly excited by a planar phased array with some 61 elements. Work has already been
done in the field of phased arrays (the figure 4 shows a 19 beams 18 elements
configuration designed for direct radiation) and most of the RF technologies are considered
well mastered. The essential part of the activities is therefore concentrated on the
mechanical aspects of the reflector and sub-reflector.

Figure 4.  Phased array antenna at L-Band

In the forward link, ground stations access the satellite in TDMA or FDMA. The signals
are demodulated and connected to a data bus which routs them to their dedicated down
link beam. In the return link, the mobiles access the satellite in a SCPC mode. All the
signals are demodulated at once and connected via another data bus to modulators for the
feeder links. Work is already progressing for the beam forming networks and a feasibility
study has been undertaken for the digital multicarrier demodulator. It is planned to start
investigations on the data bus concept after the first conclusions of the simulations
mentioned previously.



CONCLUSION

The assessment of the payload technologies that will be needed in the next two decades
indicate clearly that, whatever the services considered, the satellite will have to generate
high gain spot beams. This will be necessary not only because small stations will partake
in these services but also to enable an expansion of the available RF spectrum by
frequency re-use. The beam interconnection that results is a second new and key feature of
future satellite payloads.

In all these critical areas, ESA has undertaken preliminary studies in order to evaluate the
feasibility of some advanced designs and to refine, in the course of 1982, the objectives of
its R & D programme.


