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Towards a satellite-based data
network for Europe

. Smith, M.5c.

Summary This article describes a prowatype high
speed data distribution network using the Euru].‘:l:alll
Space Agency’s Orrbital Test Satellite. The link pro-
vides a 1hbigs data channel between a number of
regional computing centres with a boea of 107" for
B3% of the time, Users access the satellite through
siall earth terminals and threes-metre antennas
located on their own premises.
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Introduction

The demand for data transmission services belween com-
PULEr USCTS Cal b broadly divided into two camgm‘ies; a
slowfmedium speed service (<X 0kbitfs) for remote com-
puter access among several thousand widely disiributed
users and a high-speed service foe bulk transfer of data
between o limited number of regional computing centres,

While ihe terrestial iclephony network can provide
leazed line facilities of up to 9-6kbitls, it canoot satisfy the
rapidly growing demand for a high-speed service in the
near future,

A satellite-based daa network between small earth
terminals has some considerable advantages, namely:
—data rates in the Mbit/s region are possible since the
transponder bandwidith is not limited in the same way as
local exchange lines.

a full duplex service is possible and since the sareflite
signal is broadcast 1o all users, switching cenlres arve
li]'ll]l_'.l::ﬂ'}i-rii'ﬁl'}'.

—link costs are related to the distance Between users,
— the service can be made available within a time-scale

which does not have o take account of modernization of

the terrestial network.

A number of problems must be resolved belore an
n[_wrmimml service can be introduced, not least ol which is
the potential loss of revenue to the existing errestial net-
work at a time of heavy investment in digital equiprent.

The market bor satellite based data nevworks is clearly
demonstrated m the USA where several major organiza-
tions now operate, or plan to operate their service through
small terminals sited on the customer’s premiscs. The
maost well known is Sateflite Business Systems, a joint
venture by TRM, Comsat and Aetna to provide & general
purpose digital network, for voice, facsimile and data,
Transmission speeds of up to G3Mbifs are planned,
using either five-metre or seven-metre diameler antennas.
More recently the Xerox Telecommunications Network
has been announced. This system will operate in the 1055
to 10-68GH= band with a data rate of 236kbilfs.

As a step towards a European svstem, the Eurapean
Space Agency is conducting a series of data transmission
experiments during the period 1979 to 1981 via the OTS
satellive.

It is proposed to evaloate the link at data rates of
1+024 Mbitfs and 512kbit/s using three-metre antennas for
the earth terminals, Two separate groups of users are
being considered. Tn the first experiment called STELLA,
the High Energy Physics Laborawory CERN in Geneva
will be linked to computing centres in the Rutherford
Laboratory near Oxford, DESY in Hamburg and
CANUCE near Pisa,

The sccond link will become part of the SPINE data
netwark joining host computers in three ESA establish-
ments; ESTEC (Helland), ESCH {Germany)  and
ESRIN (Ttalv). A further terminal will also be sited ar
BAE Farnborough.

The nuclear phvsics community were selected for the
trial, as representatives of 2 wider class of potential users,
for which the lack of high speed data links across Europe is
causing considerable delayvs in data processing, The vol-
ume of data produced daily by the particle accelerators at
CERN for analvsis by the remote computers is large,
typically 300 megabvies {eight bits per byie] stored onten
magnetic tapes, With a | Mbitfs satellite channel, the data
transfer ean be completed in under two hours instead of
several davs whilst the tapes are physically shipped.

The satellite channel will be shared among the wsers by
a simple time division multiple access procedure, The
designated master siation will provide a timing relerence
{ior the data bursts from cach active station. Forward error
correction will improve the error pate overthe sarelliee link
from 10~% to better than 107%, Since fading in poor weather
conditions will degrade the bit error rate performance, the
experiments aim to establish the degree of availabilisy of
the service over the irial period.

The data link
Daia will be transferved between host compuiers vver the
link shown in figure |,
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The computer is interfaced to the earth terminal via a
separate mini-computer called the “I-box”. The later
performs all the wasks necessary for td. m.a working: burst
timing, the sending of acknowledgement signals 1o the
originating station, crror detection and requesis for
retransmission, By this means, the "I-box’ exchanges
essentially error-free data packages with the host com-
pulter.

The outgoing data burst is encoded by a hall-rate con-
volutional encoder and modulated onre 2 70MHz carrier
using two-phase p.s.k modulation. The transmission rate
is therefore twice the data rawe. The spectram of the
modulated carrier is shaped using identical baschand
filters in the modulator and demedularor, which wgether
give a L00% cosine roll off response, The transmission rale
may be readily changed from 2:048Mbitfs 1o 1-024 M bitfs
by replacing the baseband filters in the modem.

‘The signal is upconverted from 70MHz to the satellite
transponder frequency in the band 14-0-14-5GHz, amp-
lified by a 140W travelling wave tube and transmitted via
atool top mounted three-metre antenna o the OTS sawel-
lite. The data burst is received at 1 1GHz by all terminals,
downeonverted to 7OMHz, demodulated and ransmis-
sion errors corrected by a Viterbi decoder.

Figure 2(a) shows the format proposed for the data
burst. During the preamble af 660 bits the “I-box’ ignores
the incoming data burst. The demodulator recovers the
carrier phase and clock signal within the first 160 bits (of
(101 . .. 01 sequence) from the start of the burst, but a
further 500 bits are necessary for the Viterbi decoder w
give an error ourput of less than 107 When the “T-box’
receives the ‘inssync’ signal from the decoder, it begins o
search for the frame flag marking the start of the data
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package. The Nag is an 8-bit sequence (01111110) occur-
ring at the start and linish of a package of 10kbit/s. To
ensure the sequence does not occur within the data, a zero
is imserted alter five consecutive ones. A guard time of
Thpes between bursts should ensure bursts do not overlap
because of variations in the satellite position,

Ninety-six such bursts make up a frame period of one
second as shown in figure 2{b) enabling the satellite chan-
nel o be shared by up to 20 users. The first N slots are
pre-assigned one to cach active earth station cffcctively
providing a 9-6kbiufs channel at all times. The remaining
slots will be shared cqually among a smaller number of
users, up to cight, 1o provide a high-speed chanoel of at
least 100kbivfs, T'hese slots will be allocated dynamically
in cach frame by the "T-hoxes’ nsing a common algorithm
and requests made by each station in the pre-assigned
channels of the previous frame,

The receiving terminal will transmit an acknowledge-
ment, or regquest o resend signal, through the signalling
channel in the next frame according to whether errors are
deteeted in the frame checking scquence at the end of each
burse. Sinee the delay in re-transmission may be up to
I35, arising from the two way transit tme {(0-53s] and a
lrame period, all bursts up o the last correctly acknow-
ledged one will be re-sent.

The codec, modem and carth terminal are housed
within a single six-fool cabinet connected via shor
waveguide runs (o the threc-metre antenna. The terminal
is designed w operate while unattended and can be sited
up to K metres from the bost computer and “T-box. All
necessary control and monitoring signals are made avail-
able to operate the terminal from the computer room,

Marconi Communication Systems has installed termi-
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nals of this type at CERN, the Rutherford Laboratory and
al RAE, Farnborough. A further terminal is destined for
ESOC (Darmstade, Germany).

The space segment

T'a predict the bit error rate performance of the satellite
link, it is necessary to examine in some detail the achiev-
able carrier to noise {cfn) ratio of the uplink and down-
link, by means of a link budgetr.

To meet the performance objective, thermal noise
added by the space segment should give rise to a demexd-
ulator bit ervor rate (boer) not worse than 1075, At a rate
of 2Mhitfs, the error rate after decoding should be 107" or
better. The soft decision Viterhi decoder provides a cod-
ing gain in excess of 3dB in the energy per hitfnoise
density ratio (Eb/No) versus b.e.r curve for coherent p.s.k
demodulation with additive white noise.

The coding improvement will not apply if blocks of
errors ocour, Such events are unlikely but are being moni-
tored during the trial period. The transmission path iz
shown schematically in fgure 3,

For an ideal two phase p.s.k modem, the crror probabil-
ity is given hy:
b.er=0-5erlc JEhiNo

From the above quua!'!un, abheral 1075 will require a
value of EbfNo of 9-6dB. An additional implementation
margin of 1-5dB must be allowed for a practical mod--
ulator and demodulator when connecied back w back at
TOMHz. ."'-.'un-]'umariq,- ol the earth terminal and satellite
t.w.t amplifiers will increase the Eb/No required by a
further 0-BdB. Heoce a value of EbfNo=119dB must be
achicved over the satellite link, which is equivalent to a
cartier/noise ratio of 11948 at the demodulator input, in
a 2MHz bandwidth,

The uplink and downlink contributions to the ofn ratio
expressed in terms of carrier/noise temperature ratio can
be found using:
uplink cft=terminal e.i.r.p — propagation loss+satellite

gft
downlink cft=satellite e.i.r.p — propagation loss+ termi-
nal glt

where the edr.p=equivalent isotropic radiated power
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Uplink Module A Module B
Transmitter power (dBW) 200 140

Antenna gain (dB) 408 498

Uplink eirp (dBW) 676 G61-8 MNote |
Propagation loss {dB) 208+1 2081 Note 2
Satellite gt (dBfK) o —2-1 Nowe 3
ofn ratio in 2-0MHz (dB) 211 17-%
Downlink

Satellite c.i.r.p {dBW) 4753 #1-0

Antenna puinljng loss (dl) aeh -8

Satellite tw.t.a backofl idB) -7 1]

Downlink c.ir.p [dBW) 374 552
Propagation loss (dB} 2060 2060 Note 2
Effective werminal gft - (dBIK ) 160 160

Downlink efn in 2-0MHz (B} 150 14-0

Net c/n {dB) 12-4 128

Required ¢/n for ber=10"% (dB) 11-9 119

Margin (dB) -5 0%

Note | A 2dB loss in uplink e.i.r.p arises from antenna pointing errors and waveguide connection lnsses,

Note 2 The propagation loss includes spreading losses and clear weather attenuation,

Niste 3 The satellite glt takes into account the satellite antenna gain loss in the direction of the carth terminal.

Fig, 4. Link badpets for (VT8 satellite
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and gli=the ratio of antenna receive gain to system noise
ltm].u'.ralurr..

The link budger has been summarized in figure 4 for an
earth terminal using a theee-metre antenna, 140W trans-
mitter and et low noise amplifier.

The wial will evaluate two transponders of the OTS

satellite, Module A has a high e.i.r.p downlink spot beam,
but insuflicient gain to saturate the outpur Cw.ta with the
relatively low e.b.rp of the three-metre terminal. Module
B has sufficicnt gain to be saturated,
The table shows that a b.e.r of 107 can be achieved with
both transponders in clear weather. To calculate the
availability of the service, the effect of uplink and down-
link fading on the ofn ratioc must be calculated using
statistical model  for For the new
L1{14GHz band, weather losses are more significant than
for the established 4/60GHz band currently used by Tntel-
sat and most domestic svstems. The OTS satellite has a
number of onboard beacons which will be measured over
a period of several vears at many European sites, to con-
firm the weather medel.

A recent model recommended by ESA for the European
region is tabulated below:

weather  losses.

% of time loss

not exceeded 80 9% 99 997 999 9997
Uplink loss (dB} o6 10 18 29 53 118
Downlink loss (dBY 04 06 12 -9 35 77

Clear weather losses are defined as those not exceeded
for B0% of the time. F'Lgurt'. 5 shows how the available
margin varies with time for Module B. It is assumed that
since the transmitting and receiving terminals are distant,

fading occurs over onc half of the link, with clear weather
ococurring over the remaining halfl

Curve A of figure 5 shows uplink fading and Curve B
downlink. Extrapolating both curves to the point at which
the margin is zere, shows outages of (-3% and 0-4% for
uplink and downlink fading respectively. The availability
of the service through Module B is therefore 99-3% which
compares favourably with the availability of the Ruther-
ford Laboratory computers of 98-899%, These predictions
ol availa f_llh'l';' are hlgl]l}' sensitive to the implementation
margin achieved with a clear weather satellite loop.

The small clear weather margin predicted with Module
A means that a 1Mbids data service will have a low
;waiiabi!ily. O ehis basis it will be THSCOSSATY T Operate ar
512kbit/s for which 3dB less downlink power is reguired.

Because of the experimental nature of the data links, the
carth terminals have been designed to be non-redundani.
Some outages may arise [rom equipment faults, although
the cabinet is constructed on a modular basis so that spare
maodules can be readily fitted (o minimize the downtime,

The OTS satellite
Before considering the carth terminal in more detail, it is
useful to look at some relevant aspects of the satellite, The
latter will be used by Interim Ewtelsar for a three vear
pe.rir:r] of field trials, in advance of the operational Euro-
pean Communications Satellite. ECS will supplement the
terrestrial network of long haul telephony and television
circuits and is scheduled for launch at the end of 1981 and
become operational during 1982,

The European system incorporates many new features.
Transmission will use the band 140-14-5GHz for the
uplink  and  split  bands  10:95-11-2GHz

and
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[1-45-11-7GHz for the downlink, Frequeney re-use
through dual polarization will double the traffic capaciy
of the satellite. Telephony wallic will be carried using
[20Mbays td.mia with I.'E;Lu'-p!m:w posk modulation.
Cwelve wansponders of 80MHz bandwidth will be
accommadated within the 300MHz frequency band. The
Orbital Test Savellite 15 HELIJIE][.IH] with six transponders
(including frequency re-use ), as shown in figure G

- The 40MHz and 120MHz transponders of Module A
share the same uplink antenna, whose elliptically shaped
heam covers Europe, M. Africa, Scandinavia and Teeland.
The 120MHz transponder has a downlink spor beamn
covering Europe, with a circular 3dB beamwideh of 237,
Moduole A antennas are linearly imlﬁrim':] and Intercon-

neceed such that a signal transmitted on the horzontal
(X ] polarization by the earth rerminal is eeceived back on
the vertical [Y) polarization. This enables transmit and
receive signals to be separated by an orthomode trans-
ducer in the feed of the three-metre antenna

Module B comtains two narrow band (3MHz2) trans-
panders with the higher gain and gft ratio required when
small earth terminals are used. s antenna is circularly
polarized so that the three-metre anlenma st be capable
of readily changing from lincar 1o circular polarization.

The satellite is three-axis stabilized and maintains its
longitudinal position to within £0-1%, Its orbial prlane
miay be inclined by up to 01" relative to the cuator which
causes the sarellite position to follow a daily ligure of eight,
as viewed from the terminal, A significant advantage of
using a small three-metre antenna is that a tracking sys-
tem is unnecessary. With a 3dB receive beamwidih of
approximately (03°, the signal loss through pointing
errors should not exceed (-7dB. This figure includes
errors due to wind deflections of the antenna. The struc-
ture is sulficiently rigid to give an crror of less than 0-05°
r.mgs in winds of 30kmilh, gusting to 75km/h,

The Marconi earth terminal
Fhe data transmission experiments form one aspect of an

Fig, 7 The three-melse anlenma wewiried o e ool af Reiberford Hiph Energr Loberatery
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extensive programme of satellite tests including a large
nunmber of widely distributed earth stations. This article
concerns iscllwith the descoiption of the Marcont design
ol data terminal.

The three-metre antenna

I'he antenna is a high eMcicnoy Cassegrain design, cover-
ing the 14+0-1 4-5:Hz transmit band and 10-95-11-8GHe
receive band. The feed and sub-dish form an integral unit,
which can be fitted on site within a few minutes withouat
further alignment.

The feed assembly is made up of a conical corrugated
horn to illuminate the subdish, with a polarizer and
crihomode transducer o separate the arthogonally polar-
ized 3i|_{||:-1 Is.

The assernbly can be rotated by 295° about the axis of
the dish 1o line up the orthomode transducer with the
plane of polarization of a linearly polarized signal from the
sarcllite.

I'he polarvizer introduces a O0° differential phase
advance inone plane of the fed. By rotating this plane of
the polarizer 1o one of the three pre-ser positions, at either
—45° 0 ar +45" with respect to the orthomade trans-
durcer, the antenna radiates lefi-hand, linear or right-hand
circularly polarized signals,

By adding & diplexer to ecach port of the arthomode
transducer, a four port feed can be obtained, suitable for
frequency re-use. The cross polar perdformance of the
antenna for circularly polarized signals is better than
kB,

The Teed and interconnecting waveguides (o the
cquipment cabinet are pressurized with dry air at
|_'|-_'|||;|||:,'|::|_ 1 by a dehvdrawor located within the cabinet,

The main reflector is made from glass fibre formed over
a precision mould with a laver ol aluminium spraved over
the rellecting surface. Both subdish and main dish profiles
are modificd from the true Cassegrain design to enhance
the antenna |'!]'Lt'il'1|:'1_.'.1 Toeliminate gravivv=induced dis-
wation in the profile, a rigid support is provided for the
main dish

The antenna position can be varied in elevation be-
tween 0 and 37° and rotaved by £25% in azimuth, either
manually using a dual nur and screw arrangement, or
with motorized jack screws.

It can be conveniently located on a roof top with an
unohstructed vicw of the salellite (approximately due
South), although the roof must be adequately reinforoed
to withstand the uphft thrust created in the maximum
survival windspeed ol 200k h.

ﬂ‘:lr_' |_|4,:-w||'|il'|k |_'.||_'|'1;;J|'||=.._4,|||.'{' is L11_:-|'||iIL.¢+I1,‘|j] |_'|:.' I,hl:'
antenna gl ratio, Although the maximum value would be
achieved with the Leo amplifier mounted divectly on the
hack of the dish, for practical reasons a value of 16dBIK
has been specificd, This enables the Ceot to be mounted
within the cabinet with up to ten metres of interconnect-
ing waveguide,

Transmitter noise from the broadband tow.t amplilier
derrades the gt Fanio by less than 0-2dB.

A potential drawhack to the widespread use of small
diameter antennas is the relatvely poor discrimination of
the sidelobe pattern, The discrimination is defined as the
difference in antenna gain at boresight and at an angular
affset (1. The level of interference radiated inlo neigh-
houring satellites within the geostationary arc will deter-

nrine the satellite spacing and henee the number ol satel-
lite syarems which can be operated. A factor which will no
doubst ndluence the leencing of fotare small terminals is
the compliance of the sidelobe envelope with the CCIR
recommendation, £e;
| %= 48" Gain=32-23 lopin OdBi
O=44" Gamn=—10dBi

I the ease of the ECS 1 and ECS2 satellives spaced two
degrees apart, the edrp radiated will have dropped
Hadb. For a maor P70 station in the 114G Hz band

Fig. M. Equzprrent robinst
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with a 19m diameter antenna the corresponding higure
will he 42dB. However, inierference eflects cannot be
calculated until the relative c.i.r.p and modulation band-
width of each transmission are known, The 11GHz [re-
quency band iz also shared with terresirial radio relay
links, although it should be possible 10 site the antenna so
that it is screened by local buildings from this source of
interlerence,

The equipment cabinet

The cabinet, shown schematically in figure 8 contains all
the equipment necessary to exchange data between
T-boxes over the satellite link. The terminal may be sited
up to 100m from the computer room, with a twisted pair
cable link between the two, An Interface Unicat cach end
converts L. data and clock signals into balanced differen-
tial form for transmission over the' cable together with
contral and status signals.

Transmit data at a rate of 14024 or 0-512Mbit/s is
encoded by a halfrare convolutivnal encoder. Differential
encoding resolves the phase ambiguity ar the demod-
ulator,

In the modulator, the til data siream is sampled o
generate narrow bipolar pulses. The spectrum of the laner
is then limited by passing through the baseband “channel
shaping’ filter and the output signal linearly modulared
onto a J0MHz carrier by a balanced mixer. The burst
timing signal from the “T-box’ is used 1o gate the TOMHz
carrier on amd off. During of periods, each station will
miite its carrier by at least 40d B to linvit the interference 1o
the one transmitting station.

The encoder may be switched out of the circuit for test
purposes and differential encoding selected ar the mod-
ulator.
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The 70 MHz carrier is upconverted to the ransponder
frequency in the 14-0-14-5GHz band. A two-stage upcon-
version is made, with an intermediate frequency of
770MHz. To change from T'ransponder A to Transpon-
der B working, the second local oscillator is retuncd and
locked to a new crystal oscillator,

The double ppeonverter output signal is amplified by a
I0W row. tdriving a 140W power t.w.t. Bandpass filters at
the final tw.t input and output define the 140-14-5GHz
transmit  bandwidth. A variable waveguide vane
attenuator between the two tw.t stages scts the e.ir.p
level required for the transponder.

Both t.w.t amplifier power supplies may be switched on
and off from the computer room over the cable link. A
standby state, in which the hois removed from the power
amplifier, may be selected i the terminal is to remain in a
quicscent state for a long period,

The transmit signal may be switched to the antenna or
to the high-power load of the output circulator,

The transmit and receive chains may be looped via a
test-translator so that the digital performance may be
checked without accessing the satellite.

A peak power detector provides remole monitoring af
the transmitted data burst power,

The 11GHz downlink signal, at a level of approxi-
mately —90dBm, is amplified by a two-stage low noise
{.e.r amplifier, which has a noise figure of 4dB and gain of
27dB. These amplifiers are now replacing tunnel diode
amplifiers, offering a better noise performance and a
wider dynamic range.

The signal is downconverted o JOMHz and split
equally between the burst mode demodulator and a
Signal Monitor Unit. "The latter is a piece of built-in test
equipment which enables the heer performance 10 be
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correlated with the EbfNo ratio over the link. It contains a
filter of accurately known noise bandwidth, through
which either the signal, or notse, can be measurcd with a
sensitive power moter. The analogue voluage output from
the power meter is fed over the cable link 1o the computer
moom 50 that remote measwrements can be made, The
power meter may be gated in synchronism with the data
burst, if required, by using the demodulator *in lock!
signal to switch the Monitor Unit to the power meter.

The demodulator has been designed 1o perform the
complex task of recovering the data and clock signals
within a minimum number of bits, from bursts which will
incvitably differ in level and frequency as they originate
from several stations. With this design, the steady state
error rate performance is achieved within 160 bits from
the start of the burst. The demodulator s shown schemai-
ically in figure 9.

Ana.g.c amplifier reduces the bursi-to-burst level vari-
atipns hefore the two phase ps.k modulated signal is
downoonverted, to give two in-quadrature signals atan i.f
frequency of zero, Baseband filtering is carried our ai this
pe:u'llll o complete the 100% cosine roll-off shaping of the
signal. This scheme permits the filter response to be easily
realized, while the data rate can be readily changed by
fitting a new bascband filter.

The in=gquadrature signals are upconverted o GMHz
before coherent demodulation by a balanced mixer. The
carrier is derived fram a carrier recovery loop, using a * 2
multiplier, a narrow band 12MHz filter and <2 circuit,

Frequency errors in the incoming 70MHz carrier will
cause the signal 1o be initially offser within the passhand of
the carrier recovery loop filter, The phase variation across
the passhand provides the error signal in the afc loop o
the voltage-controlled crystal oscillator of the down con-

verter, The oscillator incorporates a “track and hold® eil-
ity to minimize the frequency drift between bursts and
henee speed up the acquisition. Burst-to-burst frequency
shitts of 4kHz may be accommuodarted. The demodulaced
signal is splitinto three paths, The clock signal is regener-
ated with a high-pass filter and full wave rvectifier. The
analogue basebaned signal is converted to t.t] form in a
sampling circuit gated by the regenerated clock. This data
output is only used lor test purposes, when the coding is
bypassed,

The third path feeds the Viterbi decoder via a three-hit
afd converter. In the ‘soft decision’ mode the decoder will
itnprt:lwr the boer to berrer than 1077, although it takes
some 50 bits wo svnchronize,

An fin=svoch’ el signal from the decoder is used to
signal the remote compurer that the data is now valid. The
decoder also outputs a .t rransition for each transmis-
sion bit error, which is made available for remote perfor-
mance monitoring. A second crror ourput, of residual bi
errors after forward error correction is available at the
decoder but has not been exrended,

The equipment cabinet is shown in fgure 10,

Future systems

Already before the outcome of these data transmission
experiments is known, EUTELSA'T has lormed a work-
ing group to explore an operational system in Europe from
19834 onwards. Several proposals are under discussion
based on the usc of a spare ECS transponder. To utilize
the bandwideh elliciently, the transmission rate would
increase 1o 30Mbit/s, which would require larger anten-
nas of five metre diameter and higher power transmitters
of up to 2kW. The transponder would be shared using
t.ad.m.a to provide the users with a medium speed service
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of fdkbitls and high-speed service of 2Mbits. If this
interim ECS solution is successful a dedicated satellive
may well be launched, designed wo operate with the smal-

ler and cheaper earth terminals.

Through these moves, significant progress has heen
made w establish an operational satellite based data dis- )

rribution network within Europe.
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RESUME

Clet artiche dhécnn un riseao-prototype de
st bafion ra |'|:r|r~ atthsant Ie sarellice o 'essa
orhital de FAgenee curopéenne de Uespace, Le
digpositif de liaison donme oo canal de doanée

de TMBSs cnire un cortain nembie diocenles
de caloul réponany aves ung erveur de

m'-q wenee des hiss de HER pour o 3% du eI,
Lees wiilisaveurs one aceis au satellite au moyen

de prd:iix verminamx iermesives oL O anlennes de

3 metres inplanides sur leurs propres I,

RESUMEMN

Fare articulo dessribie un prodoti po de le red de
alia velocidad de distribucidn gue vsa el
satélite orhital de pruehis de b Ageocia
F,uru[_;-_-:. del |_".'\-\.|'|.I|'=u|. Edenlace prowes wn canal

de datos de INBlaeg: (Megabitio/agg. b entre
e caerto nmere de contnos reginnabes de
calculo, con un re b [regmen de ermoe e
hitioe] de 10°% durante el 99.5% del rit'mpn.

Laws manarios pueden estableeer vrrtivedes con el
sitelite mediange peguedios terminales v
antenis de Jm situados cn sus propios centrms
tle tralsjo.

ZUSAMMEMNFASSUNG

Dieser Aulbarz beschreiht die Prototype cincs
Schnellverieilomerzes, das mit dem
Testswiellien der eurpiiischen
H“Lllll|:'-\.|'Ir1_1_ﬂ("\1'-|'||b<l.'|li||.| arbicitet, Dhivse

Verbancome stelll cien 1 M B Datenkanal
swischen viner Anenhl won remomden
l:_:|_|:1'|l_'|l,|'_<'|':f|,"|ll!’.Il{'l'l her, die iber der
Betrdebaeeir mit ciner Fehle J’E‘latlﬁq.:kril. voi i

artwiten. Sugiill aun Bavmsatclliten wird
durch kleine Erdstationen mic S
Gidsdiwdvaniennen. coreichn.




