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Technology trends in digital switching and
transmission for broadband communications

Inge Jonsson

This paper discusses some of
the fundamental technical long-
term trends in fiber-optic trans-
mission, digital broadband
switching and video codecs.
These trends will result in new
ways of planning and dimension-
ing telecommunications net-
works.

Dieser Beitrag behandelt einige
der fundamentalen Langzeit-
trends der Fiberoptikubertra-
gung, der digitalen Breitband-
vermittlung sowie der Videoco-
dierung. Aus diesen Trends wer-
den sich neue Planungs- und
Dimensionierungsweisen fiir die
Telekommunikation herleiten
lassen.

Cet exposé traite de quelques
tendances fondamentales a long
terme en transmission par fibres
optiques, en commutation a
large bande, ainsi qu’en codage
vidéo. Ces tendances permet-
tent d’envisager de nouveaux
modes de planification et de
dimensionnement en télécom-
munication.
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Introduction

Digital broadband communications
for commercial applications during
the 80s are focusing mainly on high
speed data traffic. Digital networks
with an end-to-end capability of 2
Mbits/s are now being built to handle
business applications such as CAD/
CAM, high speed facsimile, etc. A
small amount of traffic will also be
generated by 2 Mbit/s video confe-
rencing applications.

In the long run, however, starting
during the 90s, the greatest require-
ments for large-scale broadband
switched services will be generated by
digital television and video telephony.
This paper focuses on technology for
this era, the era of the broadband
ISDN.

The long-term objective to build a
digital integrated broadband commu-
nications network for all types of tele-
communications services is a vision
offering a lot of opportunities but also
harboring many problems (fig. 1). The
whole service area for broadband
ISDN is today still rather unknown.
International standardization of bro-
adband ISDN is a necessity not only
for international broadband services
but also to achieve mass production of
cheap VLSI circuits for complex, bro-
adband circuits in user terminals and

in switching and transmission equip-
ment. Legal and national conditions
influence to a high degree the intro-
duction of broadband ISDN, mainly
by delaying it.

The building of the broadband
ISDN has to be financed. The deve-
lopment cost of system components
for broadband ISDN will be very high
and the investments in a network in-
frastructure which will be able to cater
for massusage of broadband ISDN
services will be enormous.

The concept behind broadband
ISDN is based on the assumption that
the technology trends for digital
switching and transmission will result
in a suitably cost effective technology
for digital broadband communica-
tions during the 90s. This paper will
focus on technology trends, even
though the main question for bro-
adband ISDN is perhaps not hardware
or software but ‘“‘customer-where”?

(Fig. 2.)

Optical fiber transmission
systems

A major technical foundation upon
which our hopes for a future mass
market for interactive video communi-
cations services is built, is the remarka-
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ble achievements of fiber optics in
transmission. Today, optical fiber sys-
tems are very competitive for most ap-
plications when compared with micro-
wave and satellite links. Satellites will
still have a role to play in the networks
of the future, e.g. for the broadcasting
of television to rural areas and for
some very specific fields of applica-
tions. The major part of our future net-
works will definitely, however, be
based on optical fiber cables.

The state-of-the-art transmission
rate for commercially available optical
fiber systems is 565 Mbit/s. The future
trend is towards still higher bit rates
and longer repeater distances to fur-
ther reduce transmission cost. One day
a fiber-optic system might link Europe
and America with no repeaters at all!

The keyword for the future is coher-
ent communications. In coherent opti-
cal communications systems, the fre-
quency or phase of the light is the car-
rier of information instead of the light
power as in the direct detection sys-
tems of today. This requires stable, sin-
gle-frequency lasers which today can
only be implemented in the laborato-
ry, but will soon become a commercial
reality.

Coherent optical communications
require more sensitive receivers which
will allow the repeater spacing to be
doubled yet again. But what is more at-
tractive, is that these systems have a
potential capacity of thousands of
asynchronous channels, each carrying
Gbit/s of data, i.e. total capacity of
Tbit/s over one single-mode fiber.
Having access to such a large number
of high capacity channels will create a
completely new way of thinking about
telecommunications networks and ser-
vices in the future (fig. 3).

The subscriber network

The existing installations for Ca-
ble-TV throughout the world are based

/ \ 2 Lnn]

1295 1300 1305
max. capacity 1-10 Gbit/s

1295
Repeater distance doubled
max.capacity 1000 Gbit/s

1300 1305

Fig.3 Increase in transmission capacity
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on coaxial cables using a tree-and-
branch topology. This topology is not
well suited for the future interactive
services and also hampers the market
penetration of Cable-TV operations.
People prefer individual connection
and subscription to TV channels.

The increasing number of new, na-
tional and international TV channels
will stimulate the market for new Ca-
ble-TV networks and also make a
number of existing installations obso-
lete due to their limited channel capac-

Present standardization discussion

ity. Will it be economically possible to
base these new Cable-TV installations
on fiber optics in a star topology?
Eventually yes!

For TV distribution between the
head-end and the primary part of the
subscriber network, cost effective fib-
er-optic transmission systems and cod-
ecs are already commercially availa-
ble. For the important last part, the se-
condary subscriber network, however,
coaxial cables are still the most eco-
nomical solution for TV distribution.

In order to pave the way for future
broadband services, it would be attrac-
tive, if the secondary subscriber net-
work, based on a star topology fiber-
optic network, could be made cheap
enough to compete with coaxial cables
just for TV distribution alone. If this
was possible considerable cost savings
could be made for recabling in the fu-
ture.

Thus, many of research and deve-
lopment activities are devoted to re-
ducing the cost of the most cost inten-
sive parts of the fiber-optics subscriber
line. These parts are the network termi-
nation at the subscriber premises and
the line terminal in the broadband
switch. For broadband ISDN we pos-
sibly need a cheap subscriber line
working up to the 1 Gbit/s area. We
also need easy and cheap installation
methods.

Cost effective single-mode systems
for the subscriber network will be
commercially available at the begin-
ning of the 90s. These systems will re-
present the beginning of a new era in
telecommunications.

Moving picture coding

A cornerstone for the digital inte-
grated broadband network is digital
video. Intensive research and standar-
dization work is going on to define the
coding algorithm for different picture
categories (tab.I). By using advanced

Tabel 1

Moving Bit rate (Mbit/s) Examples of application
picture
quality
Uncompr. Compr.
1 1000 140...800 High definition TV
2 216 70...140 Studio TV
3 140 30...70 Normal TV
3 140 30...70 Videophone A
4 40 0,384...1,92 Videophone B
5 5 0,064 Highly reduced resolution video
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video codecs the transmission bit rate
can be reduced. Knowledge of statis-
tics of the picture signal and about the
receiver (the visual system in the case
of a human observer) can be utilized to
omit a large amount of redundant in-
formation without any perceptible loss
of picture quality. There is always,
however, a trade-off between picture
quality, transmission cost and coding
complexity. In low bit rate coding, the
ambition is to keep the unavoidable
distorsion as small as possible.

For distribution of TV and video
films over the digital broadband net-
work, codecs are required which re-
duce the bit rate without causing a de-
terioration in the picture quality. In
the long run the aim is to achieve an
improved picture quality compared
with today’s TV-picture. This is proba-
bly also essential if a mass market is to
be acquired for video telephony.

One important question is the allo-
cation of the video codec function in
the network. One proposed solution is
to have a common, cheap, high bit rate
codec in the subscriber terminals, for
all video services, and to have the
more sophisticated codecs in a pool at
the broadband switch. Depending on
the service the subscriber wants, the
relevant codec is automatically
switched into the connection (fig. 4).

Many coding methods exist. Predic-
tive coding and transform coding are
the two major groups of coding. A
combination of these methods gives a
high compression ratio and facilitates
smooth control of the picture quality
over a large bit rate range. The maxi-
mum achievable coding compression
with today’s methods while maintain-
ing a good picture quality is 10...100

CODEC
Local
High Switch [subscriber
bit rate controlled
reduced
bit rate

Fig.4 Different codecs are switched in on demand
by the subscriber for different services

times, if subsampling is used. At the
beginning of the 90s we will see con-
siderably cheaper but effective codecs

implemented in CMOS for large-scale

applications.

Switching systems for
broadband applications

The broadband ISDN switching
system will be the “brain” of the future
network. Not only will it have to cater
for all the telephony and narrowband-
ISDN services which are under discus-
sion today, but also for a great number
of future broadband services which
will be created during the coming ye-
ars (fig. 5).

The switching systems must of
course be able to switch broadband
channels up to 140 Mbit/s both singly
and in various combinations with nar-
rowband channels. The software has
to handle a vast number of different
services and situations. The broadcast
mode for the remote subscriber switch
unit for 500...1000 subscribers, has a
number of characteristics which are
quite different from a normal tele-
phony switch. One aspect is, for exam-
ple when all the subscribers want to

change TV channel at the same time,
the switching system must react very
quickly.

Information transfer mode

One of the basic conceptual ques-
tions for the future broadband net-
work is whether it should be based on
circuit-oriented or on packet-oriented
switching techniques. The answer is
perhaps both.

Engineers in favour of a packet-ori-
ented broadband network emphasize
the importance of flexibility. Original-
ly the objective behind the packet
mode was to save transmission capaci-
ty but today the main argument is flex-
ibility. Based on the packet mode it
will be possible to build broadband
networks which can handle different
types of services independently of bit
rates and traffic characteristics. We
will achieve a decoupling between user
services and network capabilities. This
will alow for future new applications
handled by specific customer equip-
ment, regardless of network-oriented
technical constraints. The drawback of
this flexibility is an increase in net-
work complexity.

Engineers in favour of a circuit-ori-
ented broadband network argue that,
due to the continuous nature of the vi-
deo signals, the circuit mode is more
appropriate and cost effective for
transmission of video services. The
packet mode, they say, is mainly for
data communications; not for real
time applications.

The most likely scenario is that cir-
cuit switching will be used for homo-
geneous, large scale services with high
real time requirements. Typical exam-
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ples are telephony and TV-distribu-
tion. Packet switching will be used for
services which require bit-rate flexibil-
ity. Examples are all types of data ser-
vices and services with variable, sub-
scriber-controlled video compression.

Broadband switching
matrixes

An interesting question concerning
future switching systems is whether
fiber-optics will penetrate into the
switching systems. In the longer term,
integrated optical devices which per-
mit the switching of signals in the opti-
cal domain, may provide the ultimate
situation for virtually unlimited band
with switches. But even if very promis-
ing results have been achieved on opti-
cal switching elements, an all optical
switching system for commercial ap-
plications seems not to be realistic be-
fore the end of this century (fig. 6).

It is important to widen the scope of
the optical techniques in order to
match the capabilities of electronics.
Rather than being limited to simple
functions such as light generation and
modulation/demodulation, it is des-
ired to introduce elements such as non-
linear devices, digital logic devices,
amplifiers, tunable oscillators, phase
locked loops etc. Many of these devi-
ces have already been demonstrated in
the laboratory, but problems such as
how to implement timing and syn-
chronization in the optical domain
have received little attention even
though they are crucial to the imple-
mentation of an all-optical switching
system.

For the foreseeable future, switching
systems for broadband ISDN will use
electronic switching matrixes. ECL

matrixes are today the only commer-
cially available technology for switch-
ing 140 Mbit/s channels. The disad-
vantage of ECL is its high power con-
sumption.

The most promising technology for
broadband switching matrixes is the
CMOS technology. Chips with a basic
16X 16 switching element will be com-
mercially available in a few years.
64 x 64 elements will probably become
available at the beginning of the 90s.
With a 1 p CMOS technology, switch-
ing of 140 Mbit/s and beyond will be
achieved.

Software

Broadband ISDN will enormously
increase the number of functions ex-
pected of a telecommunications sys-
tem and thus also the ways in which
these may interact with each other.
Software requirements, no doubt, pre-
sent the greatest challenge for the bro-
adband ISDN system design. Indeed,
even in the narrowband ISDN the
multiplication of services and user fa-
cilities immediately multiplies the
complexity of a software problem that
has not yet been solved in a truly satis-
factory manner even for a simple tele-
phone service (fig. 7).

The evolution of software technolo-
gy during the last 20 years has of
course contributed to the efficiency of
switching systems development, but
we still live with a number of program-
ming difficulties. These can be sum-
marized as follows: it takes much lon-
ger to design programs than anticipat-
ed, it is more complex to make changes
to them than was hoped for, and pro-
grams may contain errors that are not
discovered until after a long period of
operation.

In order to improve software tech-
nology in the future, much work is go-
ing on in two directions; one evolu-
tionary approach and one revolution-
ary approch.

The objective for the evolutionary
approach is to improve the present
software development environment.
Today’s switching systems are based
on a technology defined by high-level
languages such as PASCAL, CHILL,
ADA, PLEX. These languages support
structured programming, some form
of abstract data types and to a large ex-
tent modularisation and parallel pro-
cesses. This technology is much less
flexible than users and developers had
hoped for. There are, however, a num-
ber of techniques becoming available
which will improve the situation.

The most important tool is perhaps
an improved and more flexible rela-
tional data base for administration
and retrieval of the switching system
information. A large switching system
represents a huge amount of informa-
tion in the form of source programs,
descriptions and documents of all
kinds. When designing additional
functions for an existing system, it is
absolutely essential to have rapid and
reliable information retrieval of the ex-
isting software units and their dynamic
interfaces.

The design process will also become
more efficient through tools which are
more interactive and which use gra-
phics to a large extent. Application-
oriented languages which are tailor
made for services, protocols, mainte-
nance etc. will considerably reduce the
development cost and time for an ad-
ditional function.

The objective of the revolutionary
approach is to create new software
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technologies. Even though vast
amounts of research work is being
done throughout the world, we are still
waiting for a breakthrough for a soft-
ware technology which can drastically
increase the efficiency in development
and maintenance of very large pro-
gramming systems and which ensure
essentially error-free programs.

Many of the ideas originating from
computer science research labs are ex-
pected to radically improve the quality
and reduce the time required to design
and produce large software systems.
The ideas behind the Japanese Sth
Generation Computer initiative (its

technical ideas are in fact mainly of
European origin) have lead to a new
generation of programming languages
(the so called Declarative Languages).
Use of these languages compared with
traditional languages (so called Imper-
ative Languages) usually results in
programs that are clearer and easier to
understand than equivalent programs
written in traditional languages.
Languages that allow parallel pro-
cesses to be described in a natural way,
architectures for the efficient execu-
tion of such languages and formal me-
thods applied to the design of telecom-
munications switching systems, will
greatly influence future systems.

Final remarks

The telecommunications industry
will apply a great deal of its research
and development resources during the
coming decade to transform the
broadband services scenario into a
commercial reality.

The interactive broadband services
will initially be used for business com-
munications. But the technology will
mature during the 90s allowing for low
cost mass production, and then, the
services will spread to residential cus-
tomers.

Face-to-face communications will
be a reality for everyone.
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