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ATM OVER SATELLITE

ATM OVER SATELLITE

INTEGRATION OF SATELLITE LINK
INTO THE ATM PILOT: NO PROBLEM

This paper presents the results of the integration tests

of the satellite link in the European ATM pilot network

performed during December 1994. These tests have

been carried out by the European Telecommunication
Satellite Organization, EUTELSAT, in association with
three PNOs, Telefonica, Telia and Swiss Telecom PTT, and

have been organized to prove that a satellite link does

not introduce transmission constraints. This paper con-

tains an overview of the configuration used during

these tests and the results of ATM-specific measure-
ments [1] from one cross-connect equipment to
another.

UTELSAT has suggested to the

Haninge (Telia), Alcobendas and
Norte (Telefonica). Figure 3 gives the
connectivity scenario used during
these tests.

The aim of this trial was firstly to
prove that the interconnection of the
ATM cross-connect equipment via a
34-Mbit/s satellite link worked prop-
erly and secondly to facilitate broad-
band experiments between research
and development (R&D) laboratories.
Another objective of this trial is to de-
velop solutions for potential future
multimedia applications and services
[2].

EUTELSAT, with the assistance of
CSELT (Italy) and Swiss Telecom PTT,
carried out during last summer a com-

PNOs the possibility of introducing RELATION SIGNAL - BER
satellite links in the transmission back- BER
bone of the ATM pilot network, which  [1.E-02 - S
is mostly based on 34-Mbit/s links, in N o !(E,Sas,gm SPECIFICATION (bener;
PASCAL MEURET, BERNE i —— Theory =
" —o— PTTTx&Rx/IF=118 MHz 5
order to validate and prove the viabil-  |1.E-05 — Tella T PTT it [Pe= 162 Wiz
ity of satellite communications for dif-
ferent B-ISDN services. 1.E-06 = =
A pilot network using ATM tech-
5 : 1.E-07 g
niques has been implemented be- \%‘ﬁ =
tween Switzerland, Sweden and |1 Eog N — — Sa-
Spain. The three following earth sta- == =
tions were involved in these tests: |1.E-09 e =
Basel-2 (Swiss Telecom PTT), Aagesta ==
(Telia) and Guadalajara-11 (Telefo- 1.E-10 == 7 F=====l==sir= _B—T_ =]
5 9

nica).

The ATM traffic passed over several
national and international cross-
connect equipment located in Zurich
(Swiss Telecom PTT), Goteborg and
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Fig.1. Relation between the signal degradation and the BER.
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Fig. 2. Experiment configuration during field trials done in Basel.

prehensive assessment of the impact
of the use of satellite links on the
transfer of ATM cells [3].

Test results

The field trials were the first ones of
this type organized in Europe. A first
series of tests of ATM transmissions
over satellite links were carried out at
the Swiss Telecom PTT premises in
Basel.

Validation of the satellite link

These tests have been performed on
the EUTELSAT satellite II-F3, transpon-
der 37 for the first phase of this trial,
and on satellite I-F5, transponder 10
for the second phase. Intermediate
data rate (IDR) modems with a bit rate
of 34 Mbit/s, 3/4 FEC and V.35 scram-
bler have been used.

These tests are related to the quality
of the satellite link. A pseudorandom
sequence generator at 34 Mbit/s and a
bit error ratio (BER) analyser synchro-
nized on the same pseudorandom se-
guence on the other side of the link
were used. By inserting noise on inter-
mediate frequency at the demodula-
tor input, BER measurements have
been done for some values of Eb/No
(which is the ratio between energy
per uncoded bit and noise power per
1 Hz bandwidth).

Figure 1 illustrates a typical measure-
ment of BER versus Eb/No. The chan-
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nel unit shall meet the Intelsat Earth
Station Standards (IESS).

First phase of ATM layer
measurements

In the first phase, the ATM test set
generated and analysed a 34-Mbit/s
PDH framed ATM cell stream which
was transmitted over the satellite con-
figured in loop back. Different meas-
urements have been done with no-
minal Eb/No. No errors were encoun-
tered. The results obtained prove the
viability of satellite links in ATM net-
works. No significant errors have been
found when testing ATM transport
over satellite links under nominal con-
ditions.

Then, some other tests have been car-
ried out with deliberately degraded
links. Noise was added on the satellite
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link (at the demodulator input, on the
intermediate frequency). Bit errors
happened in the data stream, which
caused ATM cell losses.

Results show that the relation be-
tween cell loss ratio CLR and BER is
more or less a linear relation: CLR =
BER x 6.

This result was expected, because the
header error control (HEC) mechanism
is not efficient, if bit errors occurred
as error bursts. This HEC is designed to
correct single bit errors. If there are
multiple header bits in error and they
are detected, the entire cell is lost.
The relation between CLR for random
bit errors and BER is CLR = 2400 x BER2
[4].

The results have shown the impact of
error bursts on satellite links. CLR (due
to discarded cells and miscorrected
cells) becomes the most stringent cri-
terion to dimension a satellite link
with conventional IDR modems car-
rying a PDH-framed ATM cell stream.
The field trial configuration is given in
Figure 2, and the characteristics of the
basic equipment used in Basel are re-
ported in Table 1.

Second phase of ATM layer
measurements

In a second phase, three kinds of tests
have been performed via satellite to
validate the interconnection of the
three ATM nodes, using ATM test
equipment:

— cell loss ratio (CLR)

- cell transfer delay (CTD)

— cell delay variation (CDV)

Figure 3 gives the connectivity sce-
nario used during these tests.

No cell loss has been recorded over
the measurement period under clear-
sky conditions. Therefore, some artifi-

modem Newtec NTC/2038/AA, NTC/2039/AA
@ earth station SUI-BAS-2

® antenna diameter 9.0m

® HPA 600 W

® EIRP 74.5 dBW (oper.), 80.0 dBW (max.)
® G/T 34.0 dB/K (clear sky)

satellite EUTELSAT II-F3 (16° E), Ku band

Table 1. Characteristics of the basic equipment used in Basel.
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SCENARIO OF TESTS
EUTELSAT I-F5
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Fig. 3. Scenario used in field trials between the three PNOs.
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cial degradation has been introduced
by inserting noise on intermediate
frequency at the demodulator input
to evaluate the effect of bit errors on
the ATM physical layer. The results gi-
ven in Figure 4 have been obtained
between Telefonica and Swiss Tele-
com PTT. Very similar results have
been obtained between the other
partners.

The main difference between a satel-
lite link and a terrestrial link is charac-
terized by the cell transfer delay
(CTD). The CTD has been measured for
a couple of bit rates, and a value of
about 530 ms has been measured.
(Note that this delay includes two sa-
tellite hops and at least three ATM
nodes.)

The cell delay variation (CDV) has also
been measured. The value measured
was about 50 ms. This value was ex-
pected, because there is no cell mani-
pulation on the satellite. The CDV va-
lue is not influenced by the satellite, it
is only influenced by the number of
cross-connect equipment.

CONCLUSION

This experiment proved that the
integration of the satellite link
into the ATM pilot network does
not cause any problems.

Special considerations should be
given to the influence of the
transmission delay introduced by
satellite link on the higher layer
“data communication protocols.
The cell loss ratio is certainly the
most stringent criterion to dimen-
sion an operational ATM satellite
link with conventional modem. A
more effective dimensioning of
an operational satellite link can
be obtained through the use of
Reed Solomon outer coding [5].
With a Reed Solomon outer cod-
ing, the improvement in perform-
ance is significant; it could virtual-
ly eliminate all errors at nominal
Eb/No levels. A satellite link with
Reed Solomon outer coding is ei-
ther quasi error-free or not availa-
ble. The required availability can
be reached by appropriate system
planning. Typical values are up to
99.98 % in the average year.
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operator: cross-connects | ATM test equipment
Swiss Telecom PTT|Siemens HP 75 000

Telia . |atar Parasol

Telefonica . AT&T/ Alcatel | HP 75 000
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