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3XUSRVH�RI�WKLV�FKDSWHU

This chapter aims to provide the background for the preparation of some possible future scenarios which will
be required for strategic planning. In particular, the transition from the conventional single service, single technology
network towards the concept of multi-service ( and therefore probably multi-technology ) networks is considered in
some detail together with descriptions of the advanced technologies now becoming available. For developing countries,
some of these technologies are obviously irrelevant at the present time when priority has to be given to expanding and
improving the service quality of their conventional networks but it is nevertheless prudent to be aware of the future
possibilities. A more immediate requirement is the transition from an analogue to a fully digital network, strategies for
which are also included in this chapter. This is the principal short-term requirement for developing countries.

Finally, the concept of the Telecommunication Management Network (TMN) is introduced. TMNs will be
essential items of the future network and must be included in all the scenarios to be considered.

2XWSXWV�WR�EH�LQFOXGHG�LQ�WKLV�VHFWLRQ�RI�WKH�SODQ

• Definition of some possible future service scenarios;
• Definition of digitalisation strategy;
• Definition of time-scale for the above strategy;
• Possible time-scales for introduction of new services.

,QSXWV�UHTXLUHG

• Complete inventory of present network;
• Full description of management organisation;
• Analysis of present network capability;
• Subscriber and traffic forecasts;
• Market surveys of future services;
• Consultations with government on future policies.
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��� 1HWZRUN�SODQQLQJ�VWDJHV

������ 1HWZRUN�VWUXFWXUHV

As is well known, the basic idea of 7HOHFRPPXQLFDWLRQV is the exchange of information over relatively large
distances or between separate locations. The ,QIRUPDWLRQ may include voice, text, data and image. A
7HOHFRPPXQLFDWLRQV�QHWZRUN is therefore largely a 6\VWHP or 0DFKLQH which can provide these 6HUYLFHV to a number
of (QG�8VHUV. The business idea is that an organisation - a 1HWZRUN�2SHUDWRU - can plan, install, run and maintain such
a network and that the (QG�8VHUV are connected to the 1HWZRUN�and can enjoy the 6HUYLFHV by paying for them. The
end users have usually to provide the necessary 7HUPLQDOV for the desired communication services.

NETWORK

3%;

Fax
Fax

1HWZRUN�2SHUDWRU

)LJXUH�������7ZR�NLQGV�RI�XVHUV��(QG�8VHUV�DQG�WKH�1HWZRUN�2SHUDWRU��

From the end users’ point of view, the network has some main tasks: to interconnect between end users, to
transfer information between them in a form that suits the end users’ terminals, to send and receive signals to/from the
end users to facilitate the establishing and maintaining of the communication and to provide additional services such as
wake-up calls, information about the price of the last call, etc.

The main tasks of interconnecting and transferring information require that the system comprises a number of
links between the end users. Each link must consist of a medium to carry the information - the signal - which may utilise
electricity, light or radio waves for the transfer, and some transmission system for the organisation of the signal. This
indicates that links could be expensive so that they are not provided between all pairs of end users, but are arranged in a
network, over which each connection can be established along a path comprising several links in tandem.

)LJXUH������$�QHWZRUN�FRPSULVHV�QRGHV�DQG�OLQNV�
Two connections through the network are shown.
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It is obvious that several connections may utilise partly the same links, partly different links so that each link
must therefore comprise several channels. Another observation is that links meet in nodes and that each node must be
able to select links so that correct connections between end users are established. To do this, a node must be able to co-
operate with other nodes, to analyse and use address information. Thus, a telecommunications network comprises 1RGHV
and�/LQNV��Now let us consider three different concepts of the network structures as outlined below:

( II )( I ) ( III )

)LJXUH�������7KUHH�GLIIHUHQW�QHWZRUN�VWUXFWXUHV�
Circles and points represent nodes; full or dotted lines are links.

We can identify nodes drawn as small circles and links drawn as lines. In structure I there are also some nodes
drawn as points, and in structure III there are some links drawn with dotted lines.

As a matter of fact, all three structures describe one and the same telecommunication network, but illustrate
different aspects:

• (I) represents the *HRJUDSKLFDO structure. It refers more or less exactly to the geographical map of the
service area. The� /LQNV are cables, radio relays, etc. and the 1RGHV are buildings and branching
points, the latter drawn as points.

 
• (II) represents the 3K\VLFDO structure of the network, showing the transmission resources. The /LQNV

are thus transmission systems, and the 1RGHV represent main distribution frames, multiplexers, cross
connects, etc.

 
• (III) illustrates the /RJLFDO structure. The /LQNV�are traffic routes and the 1RGHV are switches. Low-

loss routes are drawn with full lines, high-usage routes with dotted lines.
 

The *HRJUDSKLFDO structure shows how the actual cables are located. The 3K\VLFDO structure shows that the
transmission resources are arranged as two complete rings. The /RJLFDO structure shows that alternative routing is
employed, and that there are two tandem points in the network.

When considering the network structure it must be remembered that there is now an increasing trend for the
national network (PSTN) to involve several operators. Thus a national long-distance call could be processed by more
than one operator. The implications for the network planning in this case are obviously the necessity for a more rigorous
coordination between operators, enforced if necessary through regulation, and a strict adherence to unified technical
standards by all concerned. Regulators in developing countries in which more than one network operator is envisaged
should therefore ensure that the necessary coordination procedures are agreed and in place well before multiple
operation commences.
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����� 1HWZRUN�SURSHUWLHV

The future network must be able to do much more than the present one. It will have to carry not only voice and
data, but also text and image. Ultimately, connections between end users might be of 0XOWLPHGLD�type i.e. comprise all
of these single service classes. Besides this, each service class will comprise quite a few different particular services,
each requiring a particular minimum bandwidth of transmission. The end users will have the possibility to compose their
own set of services and to change the mix of services whenever they wish. At the same time, a number of dedicated
networks are being built now - data networks, mobile networks, etc., so that the future main network must be able to
bridge between these dedicated networks. Demand and traffic patterns will change faster than they do today. Thus, one
important property of the future network is )OH[LELOLW\��which implies:

• Easy and fast implementation of new services.
• Allocation of bandwidth on demand.
• Easy and fast adaptation to large changes in demand and traffic pattern.
• Easy and smooth interworking with other networks.
• Easy updating of transmission, switching, etc.

However, this new network will tend to be much more complex than the present one. It will also require more
sophisticated technology and more intelligent control and management functions. Unless we try hard to choose simple
solutions, the result could be a network that is complicated to plan, supervise and operate. Thus, 6LPSOLFLW\ should be
the key to the design of the future network, in terms of planning, engineering, supervision,management and operation.
Particular attention will have to be given to efficient and simple signalling systems.

It would not be so difficult to build networks which are both )OH[LEOH and 6LPSOH, provided that unlimited
funds were available, but that is not at all the case. On the contrary, it will be more important than ever before to
minimise the cost of the network, including not only the capital cost, but also the cost for installation, maintenance,
future replacement, etc. Especially, management costs will be more important than today. Thus, &RVW�(IIHFWLYHQHVV will
be the third important property.

����� 1HWZRUN�SODQQLQJ

The future situation for the network operator may be one of strong competition, since it will be possible for any
competent software house to create new telecommunication services in the form of pure software, which can be loaded
into the network from special nodes. Such service providers will sell services to the customers. A customer can
sometimes be a single end user but is more often a company with many end users (= employees). Since the general
network will carry the traffic, this gives of course an income to the network operator, but the majority of the revenue
may go to the service provider. Nothing, however, prevents the network operator from WU\LQJ to be a service provider as
well.

7(/&2
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)LJXUH������3RVVLEOH�IXWXUH�VHUYLFH�SURYLVLRQ�VLWXDWLRQ�
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It will be necessary to have a much more service centred view of the telecommunication network than before,
and the planning of the network actually ought to start with a definition of 6HUYLFH� 6FHQDULRV��When possible and
needed services are determined for the strategic future points of time, the corresponding 7HFKQLFDO�5HTXLUHPHQWV, such
as use of CCS No.7, intelligent networks, broadband communication etc. should be defined. The next step is to define
the distribution and amount of services, i.e. to carry out )RUHFDVWV� Now it is possible to draw up a 1HWZRUN
$UFKLWHFWXUH�which describes the network in terms of network functions. After that the 1HWZRUN� 6WUXFWXUH can be
planned, which shows how different systems can interact to carry out the network functions. The last step is to define
equipment in all nodes = 1RGH�3ODQQLQJ. To carry out the last two steps, we have to select network elements in the form
of switching and transmission equipment.

The process is in reality not very straight-forward but rather more iterative, and each of the different steps may
require several revisions. Furthermore, in connection with the first three steps, some kind of service implementation
analysis should be done. The last three steps should include network optimisation and dimensioning.

Service
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Network
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)LJXUH�������1HWZRUN�SODQQLQJ�VWHSV.
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��� 6HUYLFH�GHYHORSPHQW

����� $�VHUYLFH�FHQWUHG�YLHZ

In the past the telecommunication network was based on single service, single technology. This is now rapidly
changing towards the multi-service, multi-technology network. Telecommunication services and technology must
therefore be made much less dependent on each other. It must be possible to define services independent of technology
and it must also be possible to use service control software designed for one technology for others. We should therefore
QRW buy particular products because they offer some particular services, but rather because their 1HWZRUN�)XQFWLRQDOLW\
enables the network to provide the services which are really needed.

There was also a simple relation between the network operator and the customers, who were the subscribers.
Possibly, subscribers were split into classes, e.g. residential and business subscribers. Now we may define the different
roles in telecommunications as:

• 1HWZRUN�2SHUDWRUV
• 6HUYLFH�3URYLGHUV
• &XVWRPHUV
• (QG�8VHUV

NETWORK operates &
 maintains

Authori
sation

Service
Contract

End Users
e.g. a Person

Service
$

Service
%Service

&

utilize
utilize provides provides

utilize

utilize

Service
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Legal
agreement

provides

Subscription

Software
Provider

e.g.
a Software House

6RIWZDUH

+RXVH

Customer
e.g.

a Company

$%&�/WG�

End Users
e.g. employees

of the Customer

Network
Operator

e.g.
The Central
Telecoms

Administrator

7(/&2

)LJXUH�������5HODWLRQ�EHWZHHQ�SDUWV�RQ�WKH�WHOHFRPPXQLFDWLRQV�PDUNHW�LQ�D�VLPSOH�FDVH�

A 1HWZRUN�2SHUDWRU operates and maintains the physical network and node equipment that is required to
support the services.

A 6HUYLFH�3URYLGHU is an operator offering services to customers, e.g. teleservices, supplementary services,
value added services. The service provider may get a particular service from another service provider, so he may be a
customer in that situation. Furthermore, an independent service manager may actively manage a particular service on
behalf of the service provider.
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A &XVWRPHU is a person or an organisation, for example a company, which has a service contract with a service
provider. The customer pays the bill and utilises the services. However, the customer may enhance some of the services
he pays for, thereby creating value added services which he may sell back to the service provider or offer to his own
customers.

An (QG�8VHU may be a *HQHUDO�8VHU, i.e. a user who addresses a specific service by means of for example the
directory number, or an ([FOXVLYH�8VHU, who is DVVRFLDWHG to the specific service and is authorised to use it by the
customer.

Thus, we see that any particular organisation and even an individual person may play more than one role in
telecommunications and that the relation between the parts may be complex.

����� 6HUYLFH�FODVVLILFDWLRQ

From the end user’s point of view, the network should offer:

• $FFHVVLELOLW\
• 7UDQVSDUHQF\

In other words, the end user wants immediate and guaranteed access to persons, terminals, processes,
information data bases, etc., and he wants the system to provide this without interference, i.e. the information should be
provided with no delay, and arrive crystal clear and completely unchanged. Due to the large number of technical
implementations, system concepts and the use of diverse technology a multitude of new services have been defined. The
extensive existing service classifications thus depend on technical constraints.

We may classify services from the end users’ point of view as:

• $FFHVV�WR�3HUVRQV, such as POTS, video conference services, CAD/CAM conference, EDI, etc.
 
• $FFHVV� WR� ,QIRUPDWLRQ, such as TV, CATV, radio broadcasting, books, magazines, newspapers, data base

retrieval, etc.
 
• $FFHVV�WR�,QIRUPDWLRQ�3URFHVVHV, such as access to computer capacity, distributed processing, etc.

These three groups attract different markets, which may facilitate the planning, since the different user
categories have a difference in price elasticity. Business customers, for example, are much less sensitive to tariff
variations than residential users, but more sensitive concerning the total cost of using a service.

There are many ways of dividing the services into categories. We may for example use the CCITT
classification into five groups by the information type:

• 0XOWLPHGLD�6HUYLFHV
 
• 9RLFH�6HUYLFHV
 
• ,PDJH�DQG�9LGHR�6HUYLFHV
 
• 'DWD�6HUYLFHV
 
• 7H[W�DQG�'RFXPHQW�6HUYLFHV
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����� &XUUHQW�WHOHFRPPXQLFDWLRQV�VHUYLFHV

Many telecommunications services are already available. Unfortunately, they are often based on quite old
technology, which sometimes has made them less than user-friendly. The design of these services has been based more
on the capability of existing networks and systems to support them rather than on actual users’ requirements, with the
result that there are often limitations concerning accessibility and transparency. Some of the existing services are
described below.

7HOHSKRQ\

• &DOO�)RUZDUGLQJ
This service makes it possible to move the telephone number from the ordinary main telephone set (main line)
to another set, which thus temporarily can be reached by two numbers. The service intends to increase the
accessibility, but it is not very user friendly. It is for example easy to forget that the phone is in call-forwarding
mode and thus lose incoming calls.

• $XWRPDWLF�&DOO�'LVWULEXWLRQ
Incoming calls will be automatically distributed among different attendants. This may increase the accessibility
to services, e.g. information services.

• 4XHXLQJ
The service gives automatic information of an incoming call during a call already in progress, and allows the
called party to switch between the two calls. This increases the accessibility.

• &DOO�%DFN
If the called line is busy, a second call attempt will be made as soon as the line becomes free, which gives
increased accessibility.

• +RW�/LQH
Automatic call to a predetermined number as soon as the handset is lifted. Note that the call is switched and set
up after the handset is lifted. This means increased accessibility to a particular user.

• )UHHSKRQH
The service allows users to call certain numbers without being charged. It is used by commercial companies to
stimulate potential customers to call them. The companies can locate their sales or information facilities
independently of where the customers are.

• 7HUPLQDO�0RELOLW\
This service is based on mobile telephony and means wireless access. There are two kinds of mobile services.
The first one is cellular radio and offers mobility over large areas, e.g. a whole country or a region. The second
one is called cordless telephones, where cables between the handset and the wall socket are not needed, so the
user can walk around in the immediate vicinity while using the service.

• ,QIRUPDWLRQ�6HUYLFHV
The service is based on speech synthesis and pre-recorded messages. The telephone can be used to get
information and advice. Since the service is interactive, they allow for example bank account transfers,
ordering of goods and selecting among information topics.

• &HQWUH[�6HUYLFHV
Centrex services are business communication services realised for example as virtual PBX functions offered
from the ordinary local exchange.

7HOHID[

Telefax is a pure non-voice service and is thus different from telephony from the transparency aspect.
Otherwise, it is a service often used in combination with telephony. The user may have a combined telephone
and telefax terminal and can either switch manually between the two services or programme the terminal to do
this automatically depending on the type of signal received. Telefax demand developed slowly during a long
period but the situation is now radically changed. Some Telefax terminals are low priced, the tariff is usually
the same as for telephony, and the ordinary telephone line can be used.
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'DWD�FRPPXQLFDWLRQ

In this case, computers are used to exchange or transmit information. There are many different services in
addition to services such as Teletex and Videotex which are offered by the public network operators. The only
common base is provided by the CCITT bearer service interfaces such as V.24 in the telephone network, X.21
in circuit switched data networks and X.25 in packet switched data networks. Accessibility and transparency
varies between different applications.

0RELOH�GDWD�FRPPXQLFDWLRQ offers terminal mobility. Two cases occur, the first one, being based on cellular
radio or satellite, gives mobility over large geographical areas; the second one using radio instead of cable
between portable computers and the wall socket gives local mobility, for example in offices and factories.

9LGHRFRQIHUHQFH

This service combines several media, adding real time video and image communication to telephony and thus
offers very good transparency. The drawback is that the equipment is quite expensive. Therefore, there are few
customers for this service so far.

����� )XWXUH�WHOHFRPPXQLFDWLRQV�VHUYLFHV

The number of available, planned and envisaged services is rapidly increasing. This is due to accelerated
technology development, strong competition between telecommunication manufacturers and of course also to demand
based on socio-economic and commercial development. Network operators and service providers should attempt to
exert more influence on the conception and design of these new services as they could probably define the needs from a
more user-centred point of view.

Well defined generic services could often give each individual user the possibility to design a service
application that best fulfils his needs. No single specific service could meet all users’ requirements. A user may also want
to switch between or combine different media and ways of communication on one and the same occasion.

For a service provider, it will be very important to determine what impact on the infrastructure a potential new
service will have. Services that rely on a modified infrastructure would probably require a much longer, less certain and
thus costly period of introduction. Services designed from a user centred view may of course fit very well into the
existing infrastructure, but may at the same time not fit so well into the existing telecommunication network. If a
potential service has to be introduced very quickly, it is then important to apply both a user DQG a network centred view
for definition of the service.

It is also very important to classify the range of services using some kind of segmentation. Preferably, more
than one kind of segmentation should be used, so that the consequences of services and sets of services for the users, for
the telecommunication system, for the service providers and for the network operator can be assessed.

The network operators used to plan for the introduction of specific services for years ahead. This will not be
possible in the future, since the customers will require tailor-made services for the specific needs of their different users.
Customisation will be a very important principle, especially to fulfil the needs of the large customers.

Each service provider and often also the customer must have control of the service definitions which must be
easy to make and to implement. This means that service management requirements must be considered when new
services are defined.

In general, the single-service, single-technology network will develop into a multi-service, multi-technology
network, and the development and support of the very large number of new services has to be much less dependent on
the various implementation technologies, otherwise, the service development costs will be too high and the process will
be far too slow. Furthermore, one would certainly not arrive at VLPSOH�network solutions.

What is needed is a good 6HUYLFH�$UFKLWHFWXUH which can support efficient development and implementation
of customised services, cost effective and simple network solutions that are less dependent on the introduction or
modification of services and can reduce the total number of software products that are to be operated and maintained.
This means that software must be modular and re-useable.



- 4.2.5 - &KDS��,9

The manufacturers are trying to meet these requirements by developing Intelligent Network Service Platforms.
This approach will give service providers and even customers the possibility to define new network services by direct
access to special nodes in the network.

Some of the services likely to be important in the future are described below.

0RELOLW\

There are two main kinds of mobility: WHUPLQDO and SHUVRQDO mobility. Total WHUPLQDO mobility is offered by
cellular radio to mobile users, restricted WHUPLQDO mobility is offered both to mobile and to fixed subscribers via the
conventional network. 3HUVRQDO mobility enables a user to use any access, fixed or mobile, and offers global or national
accessibility to customer specified services. Mobility adds value to the telecommunication services and stimulates new
demands and additional services, such as voice mail, calling number identification, call answering services, etc.

%DQGZLGWK�RQ�GHPDQG

Different types of transfer through the network require different bandwidths and bit-rates. Transfer of images,
high quality sound, graphics, etc. require much higher bit-rates than are available over the present conventional
networks. Thus, broad-band transmission must be introduced, but flexibility must also be taken into consideration. If a
particular user for example needs only 20 Mbit/s he will not be willing to pay for 140 Mbit/s, if that happens to be next
modular bandwidth. Furthermore, he may need the 20 Mbit/s only for a month or a few days. To satisfy such needs at a
reasonable cost, the network must be very flexible from the transmission resources point of view, and the management
of the network must be very easy and fast.

0XOWLPHGLD

Multimedia will use more than one medium for communication, for example audio, text, graphics, animation,
video and still images. Multimedia applications are video conference, education, training, information, entertainment
and ordering of goods.

Multimedia will be used more and more for various reasons. In the field of education, for example, multimedia
applications are very cost effective, and offer education to distantly located users without time restriction.

The computer industries are very active in the multimedia field and are designing products based on digitally
stored and transmitted live video. Multimedia services require large bandwidth and generally broadband
communication, even if there are compression technologies offering simpler versions of for example video over
narrowband ISDN 2B+D access.

,QWHUDFWLRQ

The traditional telecommunicative way to interact is by means of conversations. A new way to interact is based
on PHVVDJHV� where the services offer interaction by message handling functions such as information, editing,
processing and conversion or by mailbox, etc. Message handling applications are electronic mail (E-mail), electronic
data interchange (EDI), answering services, voice mail and video mail. Another interactive mode is UHWULHYDO,� the
applications being retrieval of information stored in information data bases. A very good idea for network operators and
service providers is to subscribe for retrieval in data bases where articles on telecommunications are stored. The
subscriber can then define search profiles dependent on the area of interest.

2WKHU�VHUYLFHV

(OHFWURQLF�6LJQDWXUHV will offer protection from unauthorised access to electronic documents, which may also
give the possibility of making such documents legally binding.

'LVWULEXWLYH�6HUYLFHV such as radio broadcasting, TV and video may be integrated with the telecommunication
network in order to finance broadband communications, since a common infrastructure could be made much more cost
effective.

&&,77�VHUYLFH�FODVVLILFDWLRQ
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The possible future use of alternative media, multimedia and interactive services, perhaps combined with
integration of all kinds of distributive services, will give a very large total number of services. CCITT has proposed two
classifications, one being based on media segmentation, and the other being network centred. Figure 4.7 shows a
collection of present and future services. The CCITT classifications are used with the media segmentation on the vertical
axis and the network centred definitions on the horizontal axis.

INTERACTIVE MESSAGE RETRIEVAL DISTR.SERV.
With User Pres.
Contr

DISTR. SERV.
Without UPC

TEXT High Speed Fax 10-
150 Mbit/s

Text 64 kbit/s-45
Mbit/s

Document
Management

“ FAX 64kbit/s Remote Printing News Retrieval
“ Education/

Training
DATA Bank Transaction 10

Mbit/s
EDI 1-10 Mbit/s
(100 Mbit/s),
CAD/CAM

Software Library 2-
150 Mbit/s,
CAD/CAM

“ Logistics 1-10
Mbit/s

Logistics, Just In
Time (JIT) 10 Mbit/s

Database
Information
Retrieval
2-150 Mbit/s

“ Remote Printing,
Mainfr. File Trans
10 Mbit/s

Technical Design

IMAGE HDFAX 100-150
Mbit/s

Graphics, Technical
Design 45-150
Mbit/s

Frozen Video
Images 2-45 Mbit/s

Pay-TV, Pay Per
Channel 45-150
Mbit/s

CATV 45 Mbit/s

“ Medical/Clinical 10-
600 Mbit/s

CAD/CAM 100-150
Mbit/s

Videotext
2-45 Mbit/s,
Videomail

HDTV, BQTV
45-150 Mbit/s

HDTV, BQTV
45-150 Mbit/s

“ CAD/CAM 100-150
Mbit/s

Doc. mail service 1-
10 Mbit/s

Advertising, Home
Shopping
2-45 Mbit/s

VOICE/ AUDIO POTS 64 kbit/s Answering service
64 kbit/s

Hifi/Stereo/
Audio 1 Mbit/s

Hifi/Stereo/
Audio 1 Mbit/s

Hifi/Stereo/
Audio 1 Mbit/s

“ Tele. Conference 64
kbit/s

Voice mail 64 kbit/s Voice Mail

“ Pers. Tele. System
(PTS) 64 kbit/s-2
Mbit/s

Spoken Information
Services

MULTIMEDIA Video Conference
30-45 Mbit/s

Personal Security
Network 64 kbit/s-
2Mbit/s

Logistics
1-10 Mbit/s

“ Video Telephony 2-
150 Mbit/s

Video mail 2-45
Mbit/s

“ Surveillance,
Security, Protection
2-45 Mbit/s

Surveillance,
Security, Protection
2-45 Mbit/s

“ CAD/CAM,
Logistics 100-150
Mbit/s

CAD/CAM,
Logistics 100-150
Mbit/s

)LJXUH������3UHVHQW�DQG�IXWXUH�VHUYLFHV

����� 2WKHU�LPSRUWDQW�VHUYLFHV�DQG�VHUYLFH�DVSHFWV

&XVWRPHU�VHUYLFHV

The customer has a service contract with the service provider. In many cases he is also the end user, but often is
not, for example when the customer is some kind of organisation such as a company, an institution, etc. In this latter
case, he may require particular customer services that will not be made available to the end users, such as charging
information, service configuration and restriction management and network management. The customer may obtain on-
line access to the corresponding inter-active information services via his computer equipment.
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6HUYLFH�PDQDJHPHQW�VHUYLFHV

Network operators, service providers, and in some cases customers, will need efficient, reliable and user
oriented services for: 6HUYLFH�'HVLJQ� DQG� ,PSOHPHQWDWLRQ for the creation of new, especially customised services;
6HUYLFH�3URYLVLRQ for activation and modification; and 6HUYLFH�0DQDJHPHQW for supervision and control of services
and service processes.

1HWZRUN�PDQDJHPHQW�VHUYLFHV

These are on-line services for network status information and management, facility and traffic management,
charging information, etc. These services are tailor-made for the use of the network operator, but sub-sets of such
services may be made available for service providers and even customers. Such sub-sets are called &XVWRPHU�1HWZRUN
0DQDJHPHQW and offer the customers a way for better and more flexible utilisation of the network.
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��� 6SHFLILFDWLRQ�RI�VHUYLFH�UHTXLUHPHQWV

This subsection intends to give guidance on how to specify service requirements so that networks which can
offer the corresponding services may be designed based on these requirements. Figure 4.8 shows how some future types
of service could be implemented in the (future) network.

We see that several different kinds of network may cooperate in such a way that end users can communicate
irrespective of where they are connected. Also, we will find the same kind of service in several different networks. We
will for instance have )D[ users in the PSTN, CSPDN, PSPDN and ISDN. We see that in this scenario, ISDN will
interface all the other networks, the PSPDN via a Packet Handler, the other networks via Interworking Units (IWU).

,6'1

Telex

3�+�

Telex

Public Switched
Telephone
Network

Packet
Switched

Data
Network

Circuit
Switched Data

Network

Videotex

TeletexTeletex

Videotex

Fax
Videotex

Teletex

MHS
X.400

MHS
X.400

Telex

Fax
Fax

Fax

Telephony

)LJXUH�������7HOHVHUYLFHV�DQG�QHWZRUNV

It is possible to design networks which can provide these services in many different ways. Let us consider three
main generic possibilities:

1 6HUYLFH�6SHFLILF�'HYHORSPHQWV in the form of “add-on” service packages. This tends to be a cheap solution, and the
services can also be designed specifically for the applications. The potential for further development of a particular
service will however be limited;

 
2 1HWZRUN�2YHUOD\V. Solutions of this type tend to be much more expensive than add-ons, since they typically depend

on special purpose switches engineered to work in the network, but they may offer the capability for further
development. The necessary integration into the existing network requires signalling and numbering arrangements
which increase the costs and the implementation time-scales;

 
3 ,QWHJUDWHG�1HWZRUN�&DSDELOLW\. This means incorporating the new service into the switches of the network. This

solution involves special switch development and is very costly, time consuming and risky.

With the accelerating number of new services it seems as if the first possibility - add-on service packages -
would be preferable. Figure 4.9 aims to illustrate this service development over time.
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Video info retrieval

Telegraphy Time

Service
definitions

1870 1970

Telephony

Telex

Facsimile

Data

Centrex

Electronic mail

Mobile telephony

Virtual network services

Data retrieval

Message handling

Video conferencing

Colour facsimile

Video telephony

)LJXUH�������6HUYLFH�GHYHORSPHQW�WUHQG

The service explosion in recent years imposes new requirements on network operators and their networks. With
a flexible network concept the explosion may result in increased revenues. In order to facilitate the planning of a simple,
flexible and cost-effective network which can offer high quality services, it is important to specify these services as well
as possible. This applies both for service scenarios and forecasts as well as for specification of the requirements which
the services put on the networks.

����� 8VHU¶V�UHTXLUHPHQWV

It is first necessary to consider the XVHU�QHHGV which can be listed as follows:

5(6,'(17,$/ %86,1(66

Personal needs Business improvements
Less time in queues Increased effectiveness
Less time commuting Faster access to information
Flexible work at home Efficient operations

Reduced staffs
Remote access to data Better planning
Banks Records of transactions
Stock Exchange
Financial Information Computers

Inquiry
Education
Distance learning Retrieval

Processing
Entertainment/amusement Analysing
Interactive Games Presentation
Movies
International TV Communication

High resolution
Childcare assistance High quality
Work at home Reliable
Remote access to doctors Cheap

Remote shopping Information exchange
Goods Voice
Food Data / Text

Video
Image

Consider also the */2%$/�,1)250$7,21�6<67(0:
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(1'�86(5�6<67(06 1(7:25.�6<67(06 ,1)2�352&(66,1*�6<67(06

9RLFH

'DWD

7H[W

9LGHR

&RPELQDWLRQ

)L[HG�&RQQHFWLRQV
�OHDVHG�HWF��

6ZLWFKHG�&RQQHFWLRQV
�3DFNHW��FLUFXLW��HWF��

&RQYHUVLRQV
�IRUPDW�VSHHG��SURWRFRO�

PHGLD��HWF��

7UDQVDFWLRQ�3URFHVVLQJ

6FLHQWLILF�&DOFXODWLRQ

'HYHORSPHQW�6XSSRUW

,PDJH�3URFHVVLQJ

,QIR�5HWULHYDO

³$33/,&$7,21
25,(17$7,21´

³,1)2�&217(176
0$,17$,1('´

³,1)2�&217(176
&+$1*('´

Note that an HQG�XVHU sees the WHOH�VHUYLFHV and that a WHUPLQDO�sees the EHDUHU�VHUYLFHV.

Figure 4.10 shows the new services which could be implemented on the ISDN.

Telephony
Videotex
Teletex
Telefax
Message Handling
Mixed Mode (Teletex/Telefax)
Telex
Slow Scan Video

Wake up call
Calling/Called line id
Charging information
Hold/Transfer
Three party call
Message Transfer
Notification of callers

Basic
services

Additional
services

Tele-
services

Hot line
Abbreviated dialling
Call repetition
Barred access
Reverse charging
Connect when free
Closed User group
Call transfer

Basic
services

Additional
services

Bearer
Services

Voice
Transparent
3.1 kHz audio

B-channel
D-channel
Telemetry

B-channel
D-channel

Circuit
Switched

Packet
Switched

Dial-up

Leased

Dial-up

Leased

Telecom
Services

)LJXUH��������,6'1�VHUYLFHV

7HOH6HUYLFHV %HDUHU�6HUYLFHV

7HOHFRPPXQLFDWLRQ�6HUYLFHV

9DOXH�$GGHG�6HUYLFHV
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����� %DQGZLGWK�UHTXLUHPHQWV

An important requirement is the %DQGZLGWK. Usually, references are made to “Narrowband” ≤  64kbit/s,
“Wideband” ≤  2 Mbit/s and “Broadband” ≥  2 Mbit/s. Examples of presently estimated bandwidth requirements - user
rates - for various services are listed below:

Voice POTS 64   kbit/s
7 khz speech after compression 64   kbit/s
Voice mail box           ≤16    kbit/s
Packetized speech    < 64   kbit/s
DCME              (10-20%)  x  64   kbit/s
GSM mobile-base station 13   kbit/s

Text Telex 50   bit/s
Teletex  2.4 kbit/s
Info retrieval  1.2 kbit/s
Message to database 75   bit/s
Electronic mail           < 64   kbit/s

Data Transaction oriented data service                       ≤  64    kbit/s
Normally    2.4  or  4.8 kbit/s
File transfer          64 kbit/s to  8   Mbit/s
LAN interconnection          ≤  70  Mbit/s

Image Facsimile group 1-3 2.4  kbit/s
Facsimile group 4    2.4  to  64  kbit/s
CAD/CAM, graphics           64 kbit/s to 34   Mbit/s
Photovideotex            64 kbit/s to  2   Mbit/s
Photofax    2   Mbit/s
Simple videophone compressed  64   kbit/s
“Normal quality” videophone, compressed    2   Mbit/s
Slow scan tv  64   kbit/s
Videoconference compressed          64 kbit/s to    2   Mbit/s
TV compressed  34   Mbit/s
High definition TV compressed 140  Mbit/s

Dramatic changes in services can however only come when access to high bandwidth comes to the user site,
which probably implies that optical fibre must be connected to the office and to the home. New services and intelligent
information systems may mean new ways to work: telecommuting and teleworking could offer some people a better life
style, but not all people will welcome such changes. As new services become more complex and more powerful, the
investment cost unfortunately increases, which probably means that increasing international cooperation will be
necessary to create markets large enough to justify new products. In the future, fewer and fewer corporations will be
able to finance the developments of new services on their own.

Figure 4.11 shows the bit rates for some main telecommunication services.
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)LJXUH�������%LW�UDWHV�IRU�WHOHFRPPXQLFDWLRQ�VHUYLFHV

Another important aspect is the nature or usage frequency of the various services. A relatively slow protocol
such as X.25 may have difficulties with very “bursty” services. Figure 4.12 shows the estimated usage frequencies of
current services.

)LJXUH�������%DQGZLGWK�UHTXLUHPHQWV�IRU�FXUUHQW�VHUYLFHV

In addition to switched and reserved connections, a new feature known as %DQGZLGWK�2Q�'HPDQG will be
very important in the new network. Figure 4.13 shows a possible scenario for the use of switched connections, reserved
connections and bandwidth on demand.

W

/$1�,QWHUFRQQHFW

6XSHUFRPSXWHU

,QWHUDFWLYH�'DWD

*UDSKLFV

%DWFK

%XON�)LOH�7UDQVIHU

+LJK

&RQWLQXRXV

%XUVW\

/RZ

)UHTXHQF\���8VDJH

���NELW�V ���NELW�V ��NELW�V �����0ELW�V ��0ELW�V

Inter-LAN / PBX communication

Videotex Remote CAD

High volume file transfer

High resolution graphics

TVHigh-speed facsimile

Video-telephone / conference

Telephone

Sound
Program

10 kbit/s 100 kbit/s 1 Mbit/s 10 Mbit/s 100 Mbit/s

$XGLR

9LGHR

'DWD

%LW�5DWH
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1985 1990 1995 2000 2005 Year

Switched connections

Reserved connections

Bandwidth on demand

%���,6'1

0$1

/HDVHG
OLQH
VHUYLFHV

,'1���,6'1

����0ELW�V�������������$70

����0ELW�V����������670

����0ELW�V

����0ELW�V

���0ELW�V

��0ELW�V

�����������NELW�V

�����������NELW�V

���NELW�V

)LJXUH�������6FHQDULR���EURDGEDQG�FDSDELOLWLHV

����� 1HWZRUN�UHTXLUHPHQWV

Many requirements will be placed on the network by these services. A distinction is made between the
7UDQVPLVVLRQ�1HWZRUN and the 3XEOLF�6ZLWFKHG�1HWZRUN.

5HTXLUHPHQWV�IRU�WKH�WUDQVPLVVLRQ�QHWZRUN�

Minimum bandwidth;
Maximum delay;
Quality of transport;
Reliability/availability;
Interface;
Maintainability.

5HTXLUHPHQWV�IRU�WKH�SXEOLF�VZLWFKHG�QHWZRUN:

All the requirements put on the transmission network;
Protocols to control the connection (set up, clear etc.);
Acceptable post dialling delay and clearing time;
Grade of service;
Access - connectivity (64 kbit/s, 3,1 kHz etc.).
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����� 6HUYLFH�UHTXLUHPHQWV

The specification of service requirements could be structured as follows

D� 0LQLPXP�UDQJH�RI�VHUYLFHV�IRU�D�VSHFLILHG�SHULRG��H[DPSOH��

POTS
POTS supplementary services such as call transfer, wake-up etc.
Mobile telephony
Telex
Facsimile, group 1-3
Videotex, 1200 bit/s
Transaction oriented data service
File transfer data service
Centrex
800-service
Credit card validation
Private meters
Operator services
Electronic mail X400

E� +LJKO\�LQWHUHVWLQJ�VHUYLFHV�GXULQJ�WKH�SHULRG��([DPSOH��

Slow-scan video
Photo videotex
Videophone 64 kbit/s, Videoconference
CAD/CAM, Graphics
EDI (Electronic Data Interchange)
Calling number display
LAN interconnection (point-to-point, switched)
Facsimile group 4
Digital transport of HDTV, PAL TV

F� %XVLQHVV�VHUYLFH�IRUHFDVW

Here, we consider ≥ ���0ELW�V sources, which could be high speed services or composed of multiplexed
tributary services ����0ELW�V. They might include business telephony services from PABX, ISPBX, Centrex, LIMs etc.

Example: RSU (Centrex)
LIM (Remote unit to a PABX)
IMUX
PABX, ISPBX
Video conference, ≥  2 Mbit/s
PAL TV
HDTV
Frame relay packet traffic 2 Mbit/s
File transfer ≥  2 Mbit/s
Graphics ≥  2 Mbit/s
CAD/CAM ≥  2 Mbit/s
Various multiplexers
LAN interconnect
   Token ring
   Ethernet
Service provider ≥  2 Mbit/s
MAN
   FDDI
   DQDB
SMDS
ATM based traffic

G� ([LVWLQJ�VHUYLFHV
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Table 4.1 shows the existing services, with provision for recording the number of users of each service
connected to each one of the different networks and the total number of each service.

6HUYLFH 1HWZRUN
Telephony Telex PSPDN ISDN CSPDN ISDN Leased Total

(PS) (CS) anal. dig.
3276
3276�VXSSOHPHQWDU\�VHUYLFHV
OLNH�FDOO�WUDQVIHU��ZDNH�XS�HWF�
0RELOH�WHOHSKRQ\
7HOH[
)DFVLPLOH��JURXS����
9LGHRWH[������ELW�V
7UDQVDFWLRQ�RULHQWHG�GDWD
VHUYLFH��)LOH�WUDQVIHU�GDWD
VHUYLFH��DQG�RWKHU�GDWD�VHUYLFHV
&HQWUH[
����VHUYLFH
&UHGLW�FDUG�YDOLGDWLRQ
3ULYDWH�PHWHUV
2SHUDWRU�VHUYLFHV
(OHFWURQLF�PDLO�;����

7DEOH�������([LVWLQJ�VHUYLFHV�SHU�QHWZRUN

H� 5HTXLUHG�VHUYLFHV

The minimum required services during the planning period should be structured as in Table 1

I� 0DLQ�EXVLQHVV�XVHU�ORFDWLRQV

For forecasting and planning, each service area is structured e.g. by definition of basic zones, each such zone
being a part of a specific traffic area, and at the same time also being a part of a specific exchange area. This structure
should be used also in this case, by indicating the main business user locations, as shown in Figure 4.14.

)LJXUH�������0DLQ�EXVLQHVV�XVHU�ORFDWLRQV

%

%

%

%

% %
%%

% %

%

%

%

%
%
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J� )RUHFDVW�RI�EXVLQHVV�VRXUFHV�≥ ���0ELW�V

The same map may be used to specify the required number of business sources in more detail as shown in
Figure 4.15.

)LJXUH��������1XPEHU�RI�%XVLQHVV�6RXUFHV�≥ ���0ELW�V�

K� 6HUYLFH�DWWULEXWHV�DQG�UHTXLUHPHQWV

A table should be prepared showing all interesting services together with their attributes and requirements viz.:

Type : Tele, Supplementary, Tele + VANS, IN, Virtual Private,
Bearer, Charging, Operation & Maintenance;

Users : Residential, Business

Bearer network : PSTN, ISDN, PSPDN, Telex, VPN (within PSTN or ISDN);

Max bit rate : 64 kbit/s, < 2 Mbit/s, ≥2 Mbit/s, 10 Mbit/s etc.;

Allowed call set up time : 10 ms, 1 s, 10 s, 100s etc.;

Transaction mean length : 1 s, 100 s, 1000 s etc.;

Peak to mean : 1, 5, 200 etc.;

Type of distribution : 1:1, 1:N, N:1, N:N (point-to-point, point-to-multipoint,..)

Switching : Circuit-switched, Packet-switched, Non-switched;

Terminals : Stationary, Vehicle mounted, Hand held;

Coverage : International, National, Regional, Local;

Max bit error rate : 10-3, 10-4 etc.;

Max slip rate : As required

Max delay time : As required
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��� 6HUYLFH�LPSOHPHQWDWLRQ�DQDO\VLV

When a new telecommunication service is considered for possible future implementation, many questions may
be raised, such as:

• What would the significance of the service be for the HQG�XVHUV and for the SURYLGHU of the service?

• Would the service involve high introduction costs?

• Will the service give a good income for the service provider?

• Will the service adversely affect other services and, if so, to what extent?

• Are there any risks involved?

• etc.

This means that a thorough analysis should be carried out, the result of which should be in the form of a
number of different scenarios, coupled with some kind of likelihood parameters, possibly also with recommendations.
This output may then be used as a basis for decisions. Decisions are to be taken on whether the specific service should
be provided or not, if the own organisation should provide it or an option should be given to independent service
providers, etc.

The parameters used in the analysis will be of two kinds: a few parameters may be FULVS�GDWD, i.e. expressed in
numbers, while possibly the majority of data is “IX]]\´, i.e. expressed in linguistic terms, for instance +LJK�0HGLXP�
/RZ, 6WURQJ�$YHUDJH�0LOG or 2SWLPLVWLF�0HGLXP�3HVVLPLVWLF.

Some parameters are of great importance for the expected revenues, such as:

• service penetration over time;
 
• user traffic;
 
• tariff

These factors are however inter-dependent. Increased tariffs will decrease penetration and user traffic,
increased penetration will increase user traffic, which will again make decreased tariffs possible, etc. However, other
factors are also important, such as:

• introduction and promotion strategy;
 
• service attributes;
 
• technical level;
 
• political environment.

An overall scenario would describe these and possibly other factors, for example in the following way:

Service attributes: � 67$1'$5'
Technical level � 0(',80
Political environment � )8//�'(5(*8/$7,21
Introduction and promotion strategy � 67521*
Tariffs � /2:
Service penetration � +,*+
User traffic � 0(',80
Stability of scenario � +,*+

To obtain a result, a team of experts could work for instance in a sort of Delphi mode, first defining all
directions of dependencies between factors and the strength of each dependency, and then trying to evaluate the
resulting dependency matrix by subjective judgement. Software tools exist that can evaluate scenarios based on a
complex system of interdependent factors, described by partly crisp, partly linguistic or “fuzzy” data.
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����� 6XPPDU\�RI�DQDO\VLV�SURFHGXUH

D� 'HILQLWLRQ�RI�WKH�VHUYLFH

The service should first be defined in detail, i.e. described in the form of user functions, structure, realisation
(software/hardware), location in the network, etc., so that experts and decision makers in all domains - marketing,
economy, human resources, technical planning etc. - can understand the service clearly.

E� 6LJQLILFDQFH�IRU�WDUJHW�JURXSV

A definition of when and how the service might be used and by which kinds of customers and end users,
including an estimation of possible gains for the users, considering time, quality, PR, competition strength, human
resources, etc. The question of whether there is already customer pressure for the service, or whether there will be
pressure later, has to be considered.

F� 6LJQLILFDQFH�IRU�WKH�VHUYLFH�SURYLGHU�QHWZRUN�RSHUDWRU

The following questions should be answered:

• What level of income would the service give provided that it succeeds?
 
• What time would it save?
 
• What would the influence be on the human resource situation?
 
• Would it give important PR? Would it stop competition?
 
• etc.

G� 6HUYLFH�UHTXLUHPHQWV

The requirements on the network should be stated clearly and answers provided to the following questions:

• Can the present network be used as it is to implement the service simply by adding a
software block, or must slight or possibly larger modifications be carried out?

 
• Possibly such modifications are already ordered or planned; in that case, when will they

take place and how certain are they?

H� ,PSOHPHQWDWLRQ�SODQ

If the service is to be introduced, it must first be developed or acquired, after that be implemented, introduced
and promoted, and then put into operation. Even the future cancellation of the service should be foreseen. However,
neither the time-scale nor the expected service volume is something fixed and certain. Therefore, optimistic, medium
and pessimistic estimations of these parameters should be included (see Figure 4.16). The stability and sensitivity of the
plan to various factors should be stated.



- 4.4.3 - &KDS��,9

Optimistic, Medium and
Pessimistic Forecasts

Different Time Scales
- Early, Medium, Late

General Shape of
Implementation Scenario Graph
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Development
Implementation

Introduction Service Life Cancellation time
D�

E�

F�

)LJXUH�������6HUYLFH�LPSOHPHQWDWLRQ�VFHQDULRV

I� (FRQRPLF�DQDO\VLV

The economic analysis should examine and define the costs for development, implementation and introduction
of the service, and the income and resulting profit of selling the service to customers, expressed in monetary units over
time, both per time unit and accumulated. as indicated in Figure 4.17.

time
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Introduction
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)LJXUH�������(FRQRPLF�DQDO\VLV
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J� 5LVN�DQG�IDLOXUH�DQDO\VLV

Answers should be obtained to the following questions:

• Which factors have the greatest influence?

• What may hold back the propagation of the service?

• Which sequence of events leads to success or failure?

• What is the future evolution and how can it be directed?

• What are the technical, economical and other consequences of a possible failure?

• What will be the effect on other services?

• etc.
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���� 1HWZRUN�DQG�V\VWHP�GHYHORSPHQW

The output of the planning group’s work according to the previous subsections comprises service scenarios,
technical service requirements and service implementation analysis. Based on this, the group should now prepare
possible alternative courses of development in the form of network scenarios showing how the network might evolve to
fulfil the service requirements. Alternative WLPHWDEOHV should be included, indicating important events in the network
evolution, for example introduction of concepts such as a digital overlay network, a new transmission hierarchy (SDH),
digital cross connects (DXC), asynchronous transfer mode switching (ATM), intelligent networks (IN), a
telecommunication management network (TMN), etc. The timetables and scenarios should be given both in general and
for each specific network level and particular area. The scenarios should however be TXDOLWDWLYH, i.e. no exact
TXDQWLWLHV need to be specified. More exact specification should be carried out according to the methods described in
the Chapter on “Network Dimensioning and Configuration” (Chapter 7).

The telecommunications network has basically to fulfil four functions:

• ,QIRUPDWLRQ�7UDQVSRUW, which is the whole idea of the network. The transported information is of various
types, of course user information, but also signalling and management information.

 
• ,QIRUPDWLRQ� 3URFHVVLQJ, not the type of processing seen by the end users, but processing in order to

enhance the reliability of the transparent communication.
 
• 6LJQDOOLQJ, which is a mechanism for exchanging control information between user and system, between

systems and between functional entities.
 
• 0DQDJHPHQW, which is the most intelligent part of the network, controlling the operation of the network,

allocating network resources and reporting failures.

Important subjects are:

� %HDUHU�DQG�6LJQDOOLQJ�&DSDELOLWLHV
Transport media (copper, coax, fibre, radio);
Transmission types (analogue, PDH, SDH/SONET, WDM);
Transfer modes (STM, ATM);
Signalling.

� +LJKHU�2UGHU�&DSDELOLWLHV
Telephony;
Data communication (X.25, frame relay, SMDS);
Mobility;
ISDN;
BISDN;
Multi-connection calls.

� ,QWHOOLJHQW�1HWZRUNV��,1�

� 0DQDJHPHQW��701�

����� 6RPH�SUHVHQW�DQG�IXWXUH�WHFKQLFDO�GHYHORSPHQWV

In the following sections, some present and future technical developments and applications are briefly
explained.

Traditionally, telecommunications consisted simply of telephony and telegraphy. Today, telephony is just a
service, even if it is still a quite dominating one, and telegraphy is practically obsolete. Telephony can be provided in a
number of ways, from using a completely analogue network with analogue switches, to a completely digital network
with digital switches. In the latter case, transmission could be plesiochronous (PDH) or synchronous (SDH), and
switching could be circuit or packet switching. If it is packet switching, there are in principle several switching
technologies from which to choose. In this case we have already crossed the border to data communication, and there we
have the future of telecommunications; everything will effectively be a form of data communication, not from the end
users' point of view, but the transmission and switching technologies will be of that type. All services will be able to be
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provided by means of data communication technology. Even if many dedicated networks will still exist in one and the
same service area, connections between users in such networks will be set up through integrated services networks.

D� /$1��0$1�DQG�:$1

A Local Area Network, /$1, is a data network within an office, a building or a small area designed to connect
intelligent workstations to common servers. Data rates typically between 4 and 16 Mbit/s are used.

A Metropolitan Area Network, 0$1, was originally designed mainly for interconnecting /$1s over a limited
geographical area, such as a campus or a city. The MAN is designed for:

• Medium distances;
• High speeds - more than 100 Mbit/s;
• Voice, data, image, video.

A Wide Area Network, :$1, is a voice/data facility connecting distant sites. Typically, these networks use
64 kbit/s, but speeds up to 2 Mbit/s are possible.

E� /$1�,QWHUFRQQHFW��%ULGJHV��5RXWHUV�DQG�*DWHZD\V

A %ULGJH connects two LANs of the same type and protocol, enabling them to form one logically unified
network.

5RXWHUV can connect LANs of different types and may thus support several protocols; on the other hand, they
can not form one logically unified network.

*DWHZD\V operate up to OSI level 7 and can thus provide a link between dissimilar architectures by protocol
conversion. A user may for instance reach the electronic mail service via a Gateway.

F� ,QWHJUDWLQJ�/$1�FRQQHFWLRQV�LQWR�:$1
V

A LAN interconnected backbone network has to take care of bandwidth bursts coming from LANs in an
economical way: it must give bandwidth on demand. A positive aspect is that there is less need for error control, since
the LAN protocol in itself has proper procedures for error checking. New technologies for such interconnection are
)UDPH�5HOD\ and &HOO�5HOD\.

G� ;����SDFNHW�VZLWFKLQJ

X.25 is a very reliable and well proven technology. Error control and error correction is performed in each
node in the network, and it offers excellent cooperation between private and public networks. For international data
communication, there is hardly any other reasonable alternative as yet. Two properties of X.25, multi-session and multi-
destination, are valuable for connection between intelligent workstations, and X.25 is therefore still going to be used to a
large extent. X.25 has however some serious drawbacks: The extensive error control creates a large overhead and takes
time in the network nodes, so that there is a variable delay. This makes it VORZ when used for transfer of large amounts
of data or bursty data, and the YDULDEOH�GHOD\ makes it next to impossible to use for packetised speech. The human ear is
very sensitive to variations in delay, while some errors in shape, or slips are of minor importance. Thus it seems that
X.25 solves the wrong problem when it comes to voice communication, which of course also makes it impossible for
multi-media applications. The trend is furthermore that the network quality steadily increases, and at the same time error
control is included in the user terminals, so that in the future, the X.25 protocol will possibly not be needed even for data
communication.

H� )UDPH�5HOD\

Frame Relay is another packet switching technology which attempts to combine the idea of bandwidth sharing
used by X.25 networks with higher speed and lower delay, by letting the packages vary depending on need, from very
short to very long packages, and by reducing the error and congestion control to a minimum. The drawbacks are that
only high-quality links can be used, since real error correction is performed only by the end points, and, for packetised
speech, that the transit delay, even if it is smaller than in X.25 networks, is still variable.

I� &HOO�5HOD\
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Cell Relay is the technology for the next generation of switches. Again, error control and correction is reduced,
which means that the network should be of high quality, and that terminals should contain error control and correction
functions. The packet length is fixed, consisting of 48 octets of user information + 5 octets of overhead. Since the length
is fixed, switching is performed effectively, and at very high speed. The transit delay is also fixed for the different
packages in a message, so there is no longer any problem with packetised speech. There are two different kinds of cell
relay switching versions developed in parallel:

• $70, Asynchronous Transfer Mode, which is a real switch intended for broadband ISDN;
 
• '4'%, Distributed Queue Dual Bus, which consists of two data buses with access units; it is consequently

a kind of GLVWULEXWHG switching. '4'% is intended for 60'6, Switched Multimegabit Data Service, which
is a service to interconnect LANs over a metropolitan area.

Note that $70 and '4'% are 6ZLWFKLQJ�7HFKQRORJLHV, while %�,6'1 and 60'6 are 6HUYLFHV, and they all
belong to the &HOO�5HOD\�7HFKQRORJ\. ATM, for instance, could very well be used as a switch in an SMDS network.

J� ,6'1

In the ISDN switching can be carried out in both circuit mode and packet mode. Frame Relay, for instance, can
easily travel in the ISDN network. ISDN uses switches at 64 kbit/s, but it can handle either two circuit switched 64 kbit/s
data channels plus the signalling channel, or 30 x 64 kbit/s data channels plus the signalling channel. ISDN provides a
good cost-saving solution for data communication because of the availability of a switched connection that can be used
between nodes in a private network as a back-up. For new services it is excellent, as far as the bandwidth capacity
permits.

K� %�,6'1

A mature broadband ISDN will be able to carry any type of traffic: voice, data, image, video and multi-media
at speeds of up to several gigabit/s. Crucial for the introduction of B-ISDN is the development of new signalling
procedures. ATM-based networks will certainly be in operation before the first B-ISDN.

L� 621(7�DQG�6'+

SONET (Synchronous Optical Network) and SDH (Synchronous Digital Hierachy) are two new WUDQVPLVVLRQ
IRUPDWV, SONET being a North American standard, and SDH being the CCITT version. They are high-speed
multiplexing standards, based on word interleaving instead of bit interleaving which is used in the previous multiplexing
standard, PDH (Plesiochronous Digital Hierarchy). They specify a fixed format which includes management,
maintenance and overhead information together with users’ data. The basic transport level in SONET is 51 Mbit/s which
accommodates 45 Mbit/s users’ data = OC-1. Higher speeds are defined as OC-3, OC-12, etc. The basic level of SDH is
155 Mbit/s, which is called STM-1 and accommodates 140 Mbit/s users’ data. Higher speeds are defined as STM-4,
STM-16 etc. Above 155 Mbit/s, SONET and SDH are identical. SDH is briefly considered in Chapters 5 and 9 and, in
more detail, in Reference [1].

M� )'',�DQG�)'',�,,

FDDI, Fibre Distributed Data Interface, is the first and only networking standard to make full use of the
capability of optical fibres for high-capacity, long distance data communications. The capacity is 100 Mbit/s which by
far exceeds the capacity of Ethernet and Token Ring LANs. FDDI stations can be connected with a dual ring, which
increases the security. The application is only for data communication. FDDI II is an enhanced version of FDDI which
can handle both voice and data.

N� ';&

Digital Cross Connects (DXC) are going to play an increasingly important role in the evolution of the
telecommunication networks:

• DXC allows automatic and centrally controlled changes in the configuration of the logical network, without
requiring physical changes. The need for manually rewiring network connections disappears.
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• DXC allows more efficient utilisation of existing network resources.

• DXC allows an operator to set up and administer leased lines without manual intervention.

• DXC may contain an automated security system that re-routes traffic in the event of service interruption.

• DXC can work as a bridge between PDH and SDH transmission

• Together with DXC, Add and Drop Multiplexers (ADM) can be used, which substantially improves the
flexibility and cost effectiveness.

O� 1HWZRUN�GHYHORSPHQW

Figure 4.18 shows how broadband capabilities can be introduced in the network. We see that broadband and
narrowband switches are integrated via DXC. The driving forces behind the increased use of DXC’s are mainly:

• Leased lines.

• Routing administration.

• Network redundancy.

• Broadband switching.

• Synchronous interface.

• Bridge between asynchronous and synchronous networks.

Switched connections

Reserved connections

MAN  Metropolitan Area Network
NB    Narrow Band switch (N x 64 kbit/s)
BB    Broadband Switch
DXC  Digital Cross Connect
NMC  Network Management center

MAN

NB

NB

NB

DXC DXC

DXCBB NMC

Broadband user
interfaces

(N x 64)

)LJXUH�������,QWURGXFWLRQ�RI�EURDGEDQG�QHWZRUN�FDSDELOLWLHV

In the conceptual future network, we will define QRGHV of various IXQFWLRQV: Access Nodes, Transfer Nodes,
Signalling Nodes, Feature Nodes and Management Nodes. Some nodes may contain more than one function. (See Figure
4.19).
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)LJXUH�������7KH�IXWXUH�FRQFHSWXDO�QHWZRUN

Figure 4.20 shows that the DXC’s play an important role in the future network.
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)LJXUH�������7KH�IXWXUH�QHWZRUN

In Figure 4.21, we can see how one and the same network can interconnect LANs, PBX’es and single lines, and
also provide leased lines, private switched network functions and virtual private network functions, according to the
requirements of the business users.
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��� 'LJLWDOLVDWLRQ�VWUDWHJ\

������ ,QWURGXFWLRQ

In this section the strategies are explained using an example of an analogue network which is gradually being
transformed into a digital one. The planning group should apply these ideas and possibilities to the actual networks
which are to be digitalised. The output will thus be in the form of scenarios showing the consecutive steps in the
digitalisation process for the specific network levels and areas. One factor which must be added is the 7LPH�6FDOH, so
that these scenarios can be a real input to detailed service-centred, technical and economical planning.

Digitalisation of a telecommunications network obviously involves the introduction of digital transmission and
switching components into the network. The reasons are mainly economical, but there are also other reasons, such as
improved and extended services to the subscribers, improved transmission quality, improved operation and maintenance
facilities, etc. It should also be remembered that analogue equipment is becoming increasingly difficult to obtain, as are
the spares with which existing analogue equipment has to be maintained.

Due to the synergistic effect, the best economy and performance are achieved if both transmission and
switching are digital and integrated, since for example no analogue/digital converters are then needed. However, since
the existing telephone sets are usually analogue and the costs of replacing them are substantial, the subscriber lines will
probably remain analogue while the rest of the network is digitalised. This leads to the Integrated Digital Network IDN,
which is the first goal of the digitalisation process (see Figure 4.22).

)LJXUH�������)LUVW�JRDO�,'1

The final digitalisation of the subscriber lines opens up the possibilities of connecting a wide variety of digital
equipment at the subscriber’s premises, such as data terminals, teletex, etc. We then have an Integrated Services Digital
Network ISDN, where telephone services, data services etc. are switched by one integrated telecommunications network
(see Figure 4.23).
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Group selector
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Digital

)LJXUH�������8OWLPDWH�JRDO�,6'1

Subscriber
stage

Group selector
stage

Analogue Digital
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Since the existing analogue telephone network is by far the most important network of the various types,
telephone, telex, data etc., the development towards IDN/ISDN will start from this network. The following study of
digitalisation principles and strategies is therefore based on this fact. The study goes up to the transition into IDN and
ends with a comparison between the characteristics of the analogue telephone network and a digital network.

����� 'LJLWDOLVDWLRQ�SULQFLSOHV

A typical analogue telephone network is shown in Figure 4.24. We will study the digitalisation of various parts
of this network.

)LJXUH�������6WUXFWXUH�RI�DQDORJXH�QHWZRUN

D� 'LJLWDOLVDWLRQ�RI�VXEVFULEHU�OLQH�QHWZRUNV

Subscriber line networks and local exchanges form parts of metropolitan networks, urban networks and rural
networks. The digitalisation principles are very much the same in all cases, so let us study the case of the subscriber
network in a city area, as shown in Figure 4.25. In this arrangement, 2000 subscribers are connected to the subscriber
switch SS. The 2-wire group switch GS has routes to 10 other exchanges, each route with 30x2-wire junction lines. SS
and GS are connected with 300 pairs.

)LJXUH�������/RFDO�H[FKDQJH

���
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Figure 4.26 shows that the 2000 subscribers are connected with a 2000 pair primary cable from the exchange to
a cable distribution cabinet (simplified to one cabinet only in the figure), from where 10 secondary cables with 200 pairs
each lead further towards the subscribers.

)LJXUH�������&RQQHFWLRQ�RI�VXEVFULEHUV

A dramatic reduction in the primary cable size is achieved by introducing PCM and a remote subscriber switch,
(see Figure 4.27.) 20 pairs for 10x30-channel PCM-systems (2 pairs for each system, 1 pair per transmission direction)
give approximately 300 speech channels between the remote SS and GS, which is actually more than enough for the
offered traffic of 200 erlangs. The number of pairs is reduced from 2000 to 20, which is a factor of 100.

In Figure 4.27, we have also introduced a 30-channel PCM system on each junction route, resulting in a
reduction in junction cables from 30 pairs to 2 pairs per route, which is a factor of 15. The pair gain factor is less than
for the primary cable, because a junction pair carries more traffic originally than a subscriber pair (0.7-0.8 erlangs
compared to 0.05-0.15 erlangs). The digitalisation of the junction network is considered later.

As can be seen, the pair gain we obtain by introducing PCM is substantial. It is of course to a certain degree
counterbalanced by the cost of the PCM equipment.

)LJXUH�������,QWURGXFWLRQ�RI�GLJLWDO�WUDQVPLVVLRQ

By introducing digital switches as shown in Figure 4.28, A/D converters are only needed on the subscriber lines
which are still analogue, since the telephone sets are analogue. Thus, we have the characteristic structure of an
Integrated Digital Network, IDN.

)LJXUH�������,QWURGXFWLRQ�RI�GLJLWDO�VZLWFKLQJ
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E� 'LJLWDOLVDWLRQ�RI�MXQFWLRQ�QHWZRUNV

Junction lines are connections between local exchanges, and connections between a local exchange and a local
transit exchange.

Consider a 2-wire junction route between two local exchanges, as shown in Figure 4.29. The route consists of
300 junctions or 300 pairs. The cost of the route is distance dependent as shown, and is the sum of the fixed cost of the
group switch and a varying cable cost dependent on the distance.

)LJXUH�������-XQFWLRQ�URXWH

In Figure 4.30 we have introduced PCM on the route. 10 systems of 30-channel PCM still give 300
connections, but need only 20 pairs. The costs of the PCM terminals will increase the fixed cost while the cable cost is
reduced, and the route is economical above a certain distance.

)LJXUH�������3&0�RQ�WKH�5RXWH

As in the case of the subscriber line network, the best economy is achieved when the exchanges are digitalised
and the PCM terminals integrated into the exchange, as in Figure 4.31. The method is cost effective from 0 km.

)LJXUH�������3&0�RQ�WKH�URXWH�DQG�GLJLWDO�H[FKDQJHV
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F� 'LJLWDOLVDWLRQ�RI�WUXQN�QHWZRUNV

Trunks are connections between transit exchanges in the long distance network. These connections are, even
today, often established by highly efficient FDM systems, and the immediate savings by introducing PCM might be less
compared to those in the local networks. Even if that were the case, it would probably still be well worth digitalising the
trunk routes, since it would prepare for a completely digital country-wide network. However, by possibly retaining
analogue transmission in the long distance network, digital exchanges could still be introduced with good economy,
particularly if the cooperating local exchanges and/or junction lines are digital.

����� 'LJLWDOLVDWLRQ�VWUDWHJLHV

Although it is proved that digitalisation is economical, it is seldom possible to digitalise the whole network in
one step, because the initial investments and resources needed would be enormous. Digitalisation will usually have to be
a stepwise, evolutionary process, possibly over decades if the starting point is a fully analogue network. It is therefore
important that each Administration formulates its own digitalisation strategy as to where, when and how the various
steps of digitalisation have to be taken.

However, it must also be remembered that the production of analogue switching and transmission equipment
has virtually ceased so that spares to maintain existing systems are no longer available for example. Thus it is becoming
increasingly difficult to maintain the analogue systems in service and network operators often have little choice but to
replace them by digital systems.

There are three different basic strategies:

• Overlay strategy;
 
• Island strategy;
 
• Pragmatic strategy.

The overlay strategy is to create a fairly thin digital network spread over a wide geographical area, overlaid the
existing analogue network, as shown in Figure 4.32.

)LJXUH�������2YHUOD\�VWUDWHJ\

Analogue

Digital
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The island strategy involves the full digitalisation of certain limited geographical areas, which then become
known as digital islands, as shown in Figure 4.33.

)LJXUH�������,VODQG�VWUDWHJ\

The overlay strategy and the island strategy are the two principal strategies. The pragmatic strategy is a
practical compromise between the two, as indicated in Figure 4.34.

)LJXUH�������3UDJPDWLF�VWUDWHJ\

Some guidelines in the choice of strategy are considered in the following brief description of the various
strategies.

D� 2YHUOD\�VWUDWHJ\

The characteristics of the overlay strategy are:

• Rapid provision for digital services on a nation-wide basis.

• High initial investment costs, compared to the low initial capacity provided. This is because certain digital
long distance switching and transmission facilities are needed initially.

• Additional operation and maintenance staff and equipment on a nation-wide basis, meaning increased
operation and maintenance costs.

• Limited alternative routing in the initial phase, due to the thin network.

• Different treatment and services provided to subscribers with access to the overlay network compared to
other subscribers in the same geographical area.

Digital island 2

Digital island 3

Digital island 1

Analogue

Digital

Analogue

Digital



- 4.6.7 - &KDS��,9

The early provision of end-to-end digital services makes the overlay strategy most suitable in countries with a
high and urgent demand for new and enhanced telecommunication services and where the existing network has a
relatively long projected useful life. The overlay strategy is also applicable to create a separate, dedicated network for
non-voice services in countries where such a network does not exist today but where the demand is pressing.

The overlay strategy could also be dictated by an Administration’s policy to meet the growth of subscribers and
traffic by digitalisation. This could for instance be achieved by connecting new subscribers to remote subscriber
switches of a few new digital exchanges rather than extending existing analogue exchanges. The digital exchanges could
then be interconnected in a nation-wide overlay network.

New and improved services imply new revenues, which have to be traded off against the high initial investment
costs which penalise the overlay strategy. The limited alternative routing possibilities in the initial stage should also be
considered and the routes engineered accordingly. Finally, the different treatment and services provided to subscribers
with access to the overlay network compared to other subscribers in the same geographical area may cause some policy
explanatory problems to an Administration and should be carefully considered before a decision is taken to adopt the
overlay strategy.

The demand for new and enhanced telephone services and/or improved non-voice services emanates to a large
extent from the business sector, which normally contributes to the major part of an Administration’s income. Business
activities are mainly concentrated to metropolitan and city areas. Combined with the fact that digitalisation savings are
largest in the subscriber and junction network, the start of the digitalisation process becomes very attractive in such
areas. Also, if the same strategy is set by an Administration’s policy to meet growth by digitalisation, the city and
metropolitan areas seem the most suitable starting points, because these areas generally show the highest growth rates.

E� ,VODQG�VWUDWHJ\

The characteristics of the island strategy are:

• Provision of complete digital services within certain, limited geographical areas by replacing existing
analogue switching and transmission equipment. Nation-wide service is not necessarily an immediate goal.

• Full advantage of integrated digital switching and transmission for the island area from the start. Digital
equipment can be concentrated in areas where it is most needed and can be most effectively utilised.
Availability of digital long distance switching and transmission capabilities are not needed initially. Waiting
for economy to be achieved in digital long haul facilities is therefore possible.

• Additional operation and maintenance staff and equipment only needed for the digital islands and not on a
nation-wide basis.

• Alternative routing possibilities not affected, neither within a digital island nor between digital islands.

• Same treatment and services provided to all subscribers within the digital island.

The island strategy is best suited for countries with the growth localised to areas with a relatively large amount
of old exchanges which are at the end of their economical lifetime, have reached their maximum switching capacity or
cannot be extended unless the buildings are extended. These exchanges are replaced with exchanges of larger switching
capacity and/or smaller physical size. Dismantled old exchanges in relatively good condition could conceivably be
reconditioned and redeployed. Others which are practically worn out and expensive to maintain at an acceptable level,
are scrapped.

A candidate for a digital island is also often characterised by already existing digital transmission to a relatively
large extent. By introducing digital switching, the economy of integrated digital switching and transmission is achieved
within the digital island.

The island strategy may also be advantageous when large geographic distances separate growth areas and the
present cost of digital long distance interconnection is high.

City and metropolitan areas seem to be the best starting points also for the island strategy, because these areas
normally have the highest growth rate. These areas also often show the highest percentage of existing digital
transmission in the junction and feeder networks
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F� 3UDJPDWLF�VWUDWHJ\

As seen from the previous text, the digitalisation strategy to be adopted will vary from country to country
depending on the demand of the present network, the policy of the Administration, the geographical shape of the
country, etc. However, in the end there is the trade-off between economy and services provided which dictates the
strategy. In most cases neither the pure overlay strategy nor the pure island strategy shows a satisfactory trade-off.
Instead, a compromise will have to be used; the pragmatic strategy.

A pragmatic strategy aims at an optimal trade-off between economy and services by:

• Optimising the usefulness of existing equipment;
• Optimising the effectiveness of new investment.

A controlling characteristic of pragmatic strategies is a tendency to follow the natural driving forces for
network evolution such as growth in demand, the desire to provide a capability for new services, and the need to
modernise the telecommunication plant, all appropriately weighted through the overall economics. This means that there
are at least as many distinct pragmatic strategies as there are countries which are candidates for IDN/ISDN evolution.

In general, pragmatic strategies suggest a more detailed technical and economical analysis of numerous
potential combinations of islands and/or overlay flavoured strategies as applied to all segments of the network, to
achieve an optimal solution. Various computerised forecasting and network planning optimisation methods have been
developed for these purposes.

����� ([DPSOHV�RI�D�VWHSZLVH��SUDJPDWLF�VROXWLRQ

D� ,QWURGXFLQJ�GLJLWDO�ORFDO�WUDQVLW�DQG�ORFDO�H[FKDQJHV

Let us assume that we have decided to start the digitalisation in a metropolitan area by introducing a digital
local transit exchange, as shown in Figure 4.35. In this case, all existing routes are analogue from the start. In other
cases, some of them might be digital already.

)LJXUH�������,QWURGXFWLRQ�RI�GLJLWDO�ORFDO�WUDQVLW�H[FKDQJH

In Figure 4.36, the analogue local transit exchange has been phased out, but this is not always necessary.

Analogue

Digital
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)LJXUH�������$QDORJXH�ORFDO�WUDQVLW SKDVHG�RXW

The network could be extended with new local exchanges which are connected to local transit and existing
local exchanges if economical, as shown in Figure 4.37.

)LJXUH�������([WHQVLRQ�ZLWK�QHZ�ORFDO�H[FKDQJH

Let us study a direct route between two local exchanges to see whether PCM is interesting, (see Figure 4.38). If
the PCM systems on the routes up to the local transit exchange from the two exchanges have spare capacity, this
capacity could be utilised for a direct route between the exchanges, by-passing the local transit , as shown in Figure
4.39.

)LJXUH�������,V�3&0�RQ�LQGLFDWHG�URXWH�LQWHUHVWLQJ"
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)LJXUH�������'LUHFW�5RXWH�E\�SDVVLQJ�ORFDO�WUDQVLW�H[FKDQJH

Figure 4.40 shows an example of extending an analogue exchange with a remote subscriber switch connected to
the digital local transit exchange. A more detailed picture of this situation is shown in Figure 4.41. Growth in the
analogue exchange is taken up by a digital, overlay network.

)LJXUH�������([WHQGLQJ�DQ�DQDORJXH�H[FKDQJH�ZLWK�D�UHPRWH�VXEVFULEHU�VZLWFK
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)LJXUH�������'LJLWDO�RYHUOD\�QHWZRUN
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Figure 4.42 shows the replacement of an analogue local exchange with a digital local exchange. The arrows
indicate re-use of PCM terminals.

)LJXUH�������5HSODFHPHQW�RI�DQDORJXH�H[FKDQJH�
��DUURZV�LQGLFDWH�UH�XVH�RI�3&0�WHUPLQDOV��

Figure 4.43 shows in more detail the procedure used to replace an analogue exchange by a digital exchange
while both exchanges are in service.

)LJXUH�������5HSODFLQJ�DQ�DQDORJXH�H[FKDQJH�E\�D�GLJLWDO�H[FKDQJH

E� ,QWURGXFLQJ�/'�WUDQVLW�IXQFWLRQV�LQ�WKH�H[LVWLQJ�GLJLWDO�ORFDO�WUDQVLW�H[FKDQJH

Figure 4.44 shows an example of introducing long-distance transit functions in the existing digital local transit
exchange. The cost of extending the existing analogue transit exchange as the long distance traffic increases was in this
case not justified in the long run compared to introducing long-distance transit functions in the existing local transit
exchange, which could easily be converted to a combined long-distance and local transit exchange.

The previous local transit routes are extended to carry long distance traffic as well. The long distance route
between the analogue transit exchange and one of the digital local exchanges is removed. This creates free ports in the
analogue transit exchange, ports that can be used for the now necessary extension of the route to the combined local
transit LD transit exchange.

All new trunk circuits, both digital and analogue, are connected to the digital local transit LD transit exchange,
because the hardware is cheaper and the expensive rewiring and restrapping work in connection with extensions of trunk
routes connected to the analogue exchange is avoided.
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)LJXUH�������,QWURGXFWLRQ�RI�WUDQVLW�IXQFWLRQV�LQ�DQ�H[LVWLQJ�GLJLWDO�ORFDO�WUDQVLW�H[FKDQJH

Figure 4.45 shows the routing of long distance traffic in this mixed analogue/digital network. The main
principle is to separate digital and analogue traffic as much as possible so as to minimise the number of analogue/digital
conversions. Only in the case of congestion is traffic from the digital “path” allowed to overflow to the analogue “path”
and vice versa.
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1. Outgoing LD traffic

or 1)
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Figure 4.46 shows the situation after the analogue transit exchange has been dismantled.

)LJXUH�������$QDORJXH�WUDQVLW�H[FKDQJH�GLVPDQWOHG

Figure 4.47 shows the final network structure with the combined local transit / LD exchange.

)LJXUH�������)LQDO�QHWZRUN�VWUXFWXUH�ZLWK�FRPELQHG�ORFDO�WUDQVLW��WUDQVLW�H[FKDQJH

F� ,QWURGXFLQJ�D�VHSDUDWH��GLJLWDO�/'�WUDQVLW�H[FKDQJH

There are cases when local traffic and long distance traffic cannot be combined in the same exchange, for
instance in countries where local traffic and long distance traffic are handled by different administrations. In other cases
the same administration handles both local and long distance traffic, but wishes to separate the two types of traffic for
policy and/or administrative reasons.

In all these cases a separate, digital LD transit exchange will have to be introduced in the same background
situation as described in Figure 4.48. The routes from the local exchanges to the transit exchange carry transit traffic
only. The previous direct route from one of the digital exchanges to the analogue transit exchange has been moved to the
new digital transit exchange, so as to separate analogue and digital traffic as much as possible.

There is no difference in the routing principles compared to the case when the long-distance and local functions
are combined in the same exchange.
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)LJXUH�������,QWURGXFWLRQ�RI�D�VHSDUDWH�GLJLWDO�WUDQVLW�H[FKDQJH

Figure 4.49 shows the situation after dismantling the analogue transit exchange and Figure 4.50 shows the final
network structure with the separate transit exchange.

)LJXUH�������$QDORJXH�WUDQVLW�H[FKDQJH�GLVPDQWOHG

)LJXUH�������)LQDO�QHWZRUN�VWUXFWXUH�ZLWK�VHSDUDWH�WUDQVLW�H[FKDQJH

����� &RPSDULVRQ�RI�DQDORJXH�DQG�GLJLWDO�QHWZRUNV

Figure 4.51 shows the traditional network hierarchy of an analogue network. The hierarchical structure of a
digital network in Figure 4.52 contains fewer levels because the primary exchanges could be used as local transit
exchanges. Furthermore, the level with tertiary exchanges is in most cases not needed because the new digital exchanges
have larger switching capacity.
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)LJXUH�������+LHUDUFK\�RI�DQDORJXH�QHWZRUN

)LJXUH�������+LHUDUFK\�RI�GLJLWDO�QHWZRUN

Figure 4.53 shows the structure of a fully digitalised network. Compared to the analogue network structure in
Figure 4.51, the metropolitan network contains fewer exchanges because of the possibility to cover larger subscriber
areas by using remote subscriber switches and because of the larger switching capacity of the digital exchanges. Fewer
but larger exchanges lead to fewer but larger exchange areas and larger routes.

The tendency is the same in urban and rural networks, where existing smaller exchanges are replaced by remote
subscriber units and remote subscriber multiplexers connected to larger digital exchanges.
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)LJXUH�������6WUXFWXUH�RI�GLJLWDO�QHWZRUN

To summarise, the digital network structure is characterised by:

• Integrated transmission and switching;
• Extensive use of remote subscriber switches;
• Use of combined exchanges (local/LD/transit).

This leads to:

• Lower average cost per subscriber line;

• Reduced number of levels in the network;

• Reduced number of exchanges;

• Larger exchanges;

• Larger exchange areas;

• Larger routes.

The trends are towards:

• Increased use of optical fibre technology;

• Introduction of SDH;

• ISDN-type configurations.
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��� ,PSDFW�RI�QHZ�WHFKQLTXHV�RQ�QHWZRUN�RSHUDWLRQ

Already today, many customers demand a high quality telecommunication service without interruptions around
the clock, and are also prepared to pay for such a service. Competing providers’ ability to guarantee high quality
connections will be an important criterion for customers when they come to choose among different available
telecommunications options.

Technical evolution resulted in an upgrading of the equipment, in particular the transmission resources which
became of higher and higher capacity. A fault on a large transmission route can thus result in a large number of
customers being cut off from service.

Increased demand and customer requirements together with enormously increased capacity, often concentrated
in single groups of equipment, puts much more stringent requirements on forecasting, planning, operation and
maintenance of the network.

The complexity of the telecommunication market is also increasing. Small and large competing operators will
be established, the services provided will be many and customised, and each individual service will possibly have a very
short life before it is withdrawn. New services must be created and implemented quickly, and bandwidth on demand will
be absolutely necessary.

The way of invoicing customers and sharing the revenue between competing operators and service providers
will be an intricate problem, especially since traffic of many origins will share the same network resources. Special
agreements with large customers may make a number of different tariffs necessary.

To complicate things even more, we will, for a more or less long period, often have a mixture of analogue and
digital technology in the networks, separate networks for different services and many old support systems for operation,
dimensioning and data storage running in parallel with modern support systems. The management will therefore be even
more complicated than before, and will require manpower, competence, support systems and capital. Thus, management
development might very well determine the success or otherwise of network operators and service providers.

The management of the telecommunication networks will be strongly influenced by the deregulation of the
service market and the increasing competition. A very important factor is the rapid WHFKQRORJLFDO development. This
development creates a range of new service possibilities which is the factor that makes the market so interesting for new
operators and service providers. However, the same technological development also makes new, fast, flexible and cost-
effective systems for the management of telecommunications possible.

The development of the management of the network will need the implementation of a highly automised,
integrated and standardised, 7HOHFRPPXQLFDWLRQV�0DQDJHPHQW�1HWZRUN. 701 includes systems and standards for
DOO�PDQDJHPHQW of the network and connected equipment and intends to make the management more effective through
increased automisation, integration and UHPRWH�KDQGOLQJ.

The handling functions are realised in a new way by dividing the support systems into DSSOLFDWLRQ and
FRPPRQ�LQIRUPDWLRQ with standardised interfaces.

Figure 4.54 shows the structure of a TMN; 4 being an interface between the support system and the network
elements, ; between the support system and other TMNs, e.g. other operators, and ) between the support system and
users’ systems, i.e. terminals and work stations.
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The management functions which are realised in the support or operations systems concern practically all
management fields including:

• Design;
• Planning;
• Installation;
• Sales/Provisioning;
• Performance;
• Fault/Maintenance;
• Security;
• Accounting;
• Customer query and control

All these fields are rather interdependent through their need for common information and competence; the
management system should therefore be structured in such a way so as to enable common information to be reached and
updated from theses fields.

Different operators run their own TMNs. At the same time, each operator has a need for information of DOO
customer services running. Thus, standardised interfaces are provided between TMNs for different bearer networks,
connected equipment and teleservices as shown in Figure 4.55.
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Together with properly designed exchange equipment, the new support systems will give more information
about the traffic flow in the network, i.e. how the traffic is distributed geographically and over time, for each service and
for each customer segment. This information should be stored in network registers which are available for several
applications through the application of the TMN-standard.

The network registers thus always contain both historical and fresh data, which gives an excellent basis for
service forecasts and for studies of for example how the development of market shares is influenced by various services,
promotional activities, competitors activities etc.

Data bases can show the exact and up-to-date state of the network, with an interval between up-dates of not
more than a few seconds. The network can be controlled and manipulated from these data bases via direct connection to
the different network elements. Network faults and temporary resource problems can thus be handled within a very short
time. The information data bases may be connected to the customers’ data bases to enable customer control.

Data from and to the network will be needed for all types of activities from marketing to supervision of service
quality, operation and maintenance. The border between planning and operation will be thus become less distinct.

The development of support systems for management may be based on the 3ODWIRUP� &RQFHSW. These are
composed of combinations of hardware and software, following established industry standards, for example X/Open,
Common Application Environment, OSI Communication Protocol = ISO/CCITT, SQL-Oriented Relation Data Base etc.

By the platform concept, it is possible to distinguish clearly between Information, Definition of Systems,
Interfaces, Network Design Rules, Products etc. This means that different operation support systems can cooperate using
exactly the same information, new software and hardware products can be developed faster, products from different
suppliers can be integrated more easily, etc.

The planning group should carefully examine the need, technical possibilities and capital and running costs for
a TMN system, in the form of scenarios. Alternative time tables for implementation steps must be included.
Consequences of various courses of development should be estimated in terms of costs, losses, revenues, competence
and manpower needs. Note that the introduction of TMN in the beginning will probably require PRUH personnel than
before, but that after some years, probably OHVV personnel will be needed. This means that QHZ personnel must be
recruited and trained for the TMN system, at least to some extent.

��� 5HIHUHQFHV

[1] Synchronous Transmission Systems. Northern Telecom Europe, London, 1993.


