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1. Introduction  

Background 

It had been realized soon after the invention of telephone by Alexander Graham Bell 
that the telephone should be under the reach of all members of a society in order to 
satisfy the basic need of interpersonal communication and the progress of society. 
This motivation gave a birth to communication infrastructure. Generally the first 
communication infrastructure was based on copper wire. The copper wired 
infrastructure has been successfully serving over several decades. The main 
application was the voice telephony. However, the communication infrastructure was 
not remaining limited to voice communication. 

Later, advances in digital communication and emergence of computer based 
communication introduced with several new applications, such as video conference, 
video on demand and other data applications, start changing the overall shape of 
infrastructure. The amount of information sent through any communication channel 
is namely measured as bandwidth. As the amount of users and new applications 
accelerated the bandwidth demand of backbone and access network started 
significantly. One of great innovations in networks is an optical fiber transmission. 
The optical fiber broke the capacity and distance limitation of existing copper based 
infrastructure, and became a de-facto standard for the backbone networks.  

Today, almost all the backbone networks are mainly based on optical fibers and can 
tolerate virtually unlimited bandwidth by just upgrading the electronic equipment. On 
other hand, access networks still mainly consist of conventional twisted pair copper 
wire. While there are several copper based broadband technologies introduced, but 
none of them is promising a long term solution for high demanded application 
services for today and future. In addition to that, in access network, wireless 
broadband technology is introduced too, mostly for the mobility and a temporary 
substitute for the wired network. The ultimate long term solution only lies in 
approaching by optical fiber to the end user - commonly known as Fiber To The 
Home (FTTH).  

Considering the wireless technology, few decades ago it has been assumed that 
wireless technology will be dominating, both in local and large area loop, in near 
future. That assumption is however proven wrong with the large scale use of fiber 
optic technology. Now in the large scale network only the optical fiber technology is 
dominating. The wireless satellite link is used mostly for the very long distances and 
where the optical access is not available, expensive to deploy, or for the redundancy. 
In recent years broadband wireless is penetrating in the local loop and some times 
seen as a competitor. However, the physical limitation of wireless technology 
restricts to reach the capacity of optical fiber. A new kind of infrastructure is 
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emerging with the combination of wired and wireless technology. The wireless 
technology will be mainly supporting for the mobility, remote access areas where the 
wired infrastructure is unavailable and relatively expensive to deploy in a particular 
time frame, and redundancy.      

Today communication infrastructure is confronting replication of infrastructure. 
Several new players jumped in after the de-regulation of telecommunication. This 
gave many positive impacts, but some negative as well. The deregulation enhanced 
the quality of service, new application services and cost benefits to customers. 
However, new services and customers demands spurred parallel infrastructure, fore 
instance cable TV, private networks etc. It is being experienced that there passes 
many communication lines at the same place. It can be possible that all the different 
services can be transported at single fiber, since fiber optic provides potentially 
unlimited capacity.  

The technological innovation and the social paradigm for the need of new services 
are both dynamic and inter-related. The necessity which kicks the innovation of new 
technologies and on other way around the innovation also invokes necessities for new 
services. History is evident for such phenomenon. It can be concluded that the new 
application services will be introducing along the better technology. 

Global and Local Situation 

Upon the situation, described above, several countries have taken initiatives to build 
their IT infrastructure, which should be able to meet the communication requirements 
of next generation. Fiber optic network is found to be the best solution for the basis 
of IT infrastructure. Not so long, fiber optic was quite expensive to establish on the 
edges of network. Mass production and technological achievements made it possible 
to afford the infrastructure reaching with fiber optic at end users. Some of the leading 
countries in deploying FTTH include Canada, Sweden, South Korea, Italy and the 
USA etc. 

In Denmark fiber based infrastructure has been tried out already a decade ago at a 
very small scale. However, it could not be able achieve its goal due to the fact that 
there was not such a service which delivered on a fiber can not be delivered on a 
copper cable. Other issues were the relative high cost of fiber and equipment. In 
December 1999, a storm with catastrophic consequences lead to a blackout in various 
places in Denmark due to the vulnerability of cables carried in pylons. One of the 
Danish power companies, NVE, had suffered great damages on their power 
infrastructure and it was decided to dig down the cables to avoid future mechanical 
damage caused by nature. In the same time it was decided to put down empty pipes, 
which later could be used to carry optical fibers. In 2002, after an extensive burying 
of pipes and fibers, NVE could as the first service provider in Denmark offer new 
and improved digital services on their fibers directly to the customers.  This initiative 
has later on lead to many other similar projects in all over Denmark. Today several 
power companies are forming their own strategy concerning a new area of business 
as IT infrastructure providers. 
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Main Objectives of the Report  

This report will explain the network planning for establishing the Broadband IT 
Infrastructure. The main intention is to provide a comprehensive guideline to speed 
up the on going and intent planning of next generation IT infrastructure.  This report 
intends for network planners, decision makers and other interested parties. It will be 
worthwhile to mention that the report will provide guidelines only at a higher level. 
The detailed or technical level planning process is out of the scope of this report. 

Reading Guidelines 

First two chapters provide a general introduction and basics of network planning 
concepts. The chapter 3, Infrastructure Planning, gives comprehensive guidelines 
with some methods to plan network infrastructure. In this chapter we also have tried 
to avoid giving too much technical details of planning. The technical details, tools, 
algorithms, and some modeling details are mentioned in separate chapters. Network 
modeling chapter gives some examples how the modeling is used for the planning. 
Some of tools which can be used for the network planning are introduced in Chapter 
6. In network technology chapter we provided a general overview of current and 
future’s technologies. Both wired and wireless technologies in context of broadband 
are mentioned. The advances in network technology are very fast so it is always 
recommended to get updated with the new advances in technology.  

In the end,  a practical example with providing a case study of infrastructure planning 
for a municipality is given.           
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2. Network Planning Essentials 
In this chapter we will shortly describe the essentials of network planning. Before 
entering into detailed planning it is suggested to get familiar with the basic 
terminologies and definition used in the network planning. 

What is Network Planning 

The beginning of network planning can be associated with the telephone industry. 
The Most large telephone companies have had network planning departments for 
some times. Telephone companies have been joined in their need for a planning 
function by cable TV operators and computer network operators. The introduction of 
new technologies required new planning. This includes computer networks in 
general, ISDN networks, ATM and SDH networks, cellular radio networks, and 
FTTH or fiber optic networks. 

In general, network planning can be said a composition of the certain activities which 
are carried out to achieve the defined goal. The activities are performed in a way that 
the goal is achieved in an economical or cost-effective and an efficient way. The 
efficiency and cost effectiveness are achieved by optimization planning processes. 
Network planning involves the efficient deployment and management of 
communication facilities over time. The time perspective is very important in 
network planning and acts an important role for planning decisions. Earlier, Network 
management was also regarded as an integrated part of network planning. But, as the 
network complexity grown network management is regarded a distinct field of 
network planning. 

In the last two decades there has been a tremendous growth in the number, 
sophistication, and capacity of networks. The convergence of telecommunication and 
computer networks apparently noticed. Now the trend is towards a ubiquitous 
communication infrastructure where all the telecommunication and computer 
network applications can be delivered on a homogeneous network, particularly in the 
last miles of networks. This situation enhanced the importance of network planning 
in recent years where new IT-infrastructure is thought to be built. 

Network Planning Factors 

There could be many factors which influence network planning. These factors can be 
divided into minor and major ones. Only the major network planning factors are 
discussed in the following sections. 

Application Services 

The end goal of infrastructure is to cater application demands of users. In the first 
step, the most important one, a network should be able to satisfy the contemporary 
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demands of application services. However, this is not only a goal of network 
planning. With time new applications are introduced - this is observed a continuous 
process. A planned network not only able to provision the current services but also in 
some extend should be able to fulfill the future demands of applications. 

Economy 

Building a communication infrastructure is usually quite expensive. Investment done 
for network is mostly for longer term. Economy plays a vital role in network 
planning; It limits resources which are involved to build a network infrastructure. 
Economic consideration not only important at operators’ side but also on users or 
customers. It is very important that the economical conditions of customers are taken 
into considerations. The declension of user economy will lead to lower demand of 
offered applications. The future situation of customer plays a big role for the decision 
of network infrastructure planning. 

Technology 

Today’s and future evolution of network technologies impacts on network planning 
decisions. Mostly, new technologies bring more capacity, increased reliability and 
reduced cost. It is crucial to choose the right technology. Along time, the old 
technologies are gradually replaced with the new technologies. The right decision for 
the selection of technologies is quite crucial. Examples of the gradual displacement 
of older technologies include the use of digital technology in place analog technology 
and the use of fiber optic links in place of copper or electrical links. Some older 
technologies can live alongside with new technologies. A claver planning can 
introduce the reusability of older technologies. 

Planning by Level of Details 

New innovations in network technology and the increased complexity of network 
protocols made network planning a more complicated task. It is therefore considered 
to divide network planning into different levels in order to have better understanding, 
easier implementation, and simplicity. 

Administrative/High Level Planning 

Administrative or high level planning is performed mainly for the decision making 
purposes. This includes the main goals of network plans. Planning a network 
infrastructure is quite a huge task, and also expensive to deploy. Before the network 
plan embarks into the deployment stage it is important to estimate and get a general 
overview of what the network will be offering, and what would be the returns. 
Financial policy is also described in this level. Available economical resources and 
the expected outcomes are evaluated. The economical resources are specified and 
allocated. It is however very important that regularity issues are elaborated at this 
level in order to avoid later complications. Examples of the regularity issues are 
government's deregulation policy, frequency used in wireless infrastructure, and 
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digging etc. The traffic, application and technology trend forecasting is a vital 
element in planning. In the strategic level network planning, an overall forecasting is 
done. However, a detailed forecasting and traffic estimation is left for the technical 
level planning. 

Technical Level Planning 

After high level planning technical level planning is outset. Technical level planning 
is some times called fundamental level planning.  

Detailed planning for network is exercised considering to the high level planning 
goals. Detailed level of switching, routing, addressing, signaling, operations, 
provisioning, and maintenance plans are described. 

It should not be assumed that network planning is carried out implying waterfall 
model, herein the iteration is not allowed. In practice, strategic level planning and 
technical level planning work together iteratively. Several adjustments are made due 
to the new facts embraced at technical level. 

Planning by Network Levels 

Networks are usually divided into different levels. They are usually composed by 
many different elements, such as ducts, cables, switching equipments etc. These 
elements work together to perform the network processes. In practice, planning all 
these together is relatively complex task, especially when the network size is 
considerably large. In order to achieve simplicity and ease of implementation 
network elements are virtually divided into levels. Network level concept follows the 
famous analogy of divide and rule.  
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Application Level
End equipment, programs
databases etc.

Transmission Level
Several logical connection over
physical connection, IP level
communication etc.

Cables and Antenna Level
Cables (dark fiber ), and
antenna systems.

Duct and Mast Level
Duct for cables and towers for
antennas and  polls etc.

Trace Level
Space allocation for infrastructure
digging and cable layout on ground

 

Figure 1: Planning by network levels.   



    

3 

  
Hierarchical Division of Network 

Hierarchical division is to separate the network in different levels or domains. There 
are several terminologies exist for the hierarchical divisions of network, and some 
time this causes confusion. However, the main idea to divide the network into 
different domains is to get a better control, understanding, manageability, and 
scalability. A negative side is that the capacity loss which can lead to a performance 
loss. We can divide the network into two main levels, Access networks and 
Transmission networks.  

Access Network 

The lowest level of network hierarchy is called Access network.  This is also 
commonly known as last mile network. Access network consists of end users or end 
equipment, usually called network termination (NT). These NTs are connected to 
higher level of network hierarchy. Access networks are mostly having low capacity 
lines, and usually no redundancy. The overall structure of the access network is tree. 
The distance from NTs to transmission network is shorter compare to its higher 
hierarchies, usually from some 100 meters to few kilometers. The technologies used 
in access networks are xDSL/Cable, Ethernet, ISDN, FTTH etc.   

Transmission Networks 

Access network is connected to transmission network, where transmission network’s 
job is transport the date collected from the access network. If each data switch, 
telephone exchange, or radio terminal called a point, then a transport network 
something that enables these points to be connected.  The transport network provides 
the ability to carry traffic between the points. Transmission can be thought as 
plumbing in that each pipe is set up according to a certain size, and it remains the 
same whether the flow through it or not. In transmission networks resources are 
mostly allocated and reserved, without any facility overbooked. Transmission 
networks it self can be divided into two types; two different transmission scenarios—
One for the metro environment and one for the long-haul environment.   

Metro Networks  
The geographical location of metro networks is limited to small area < 100km, which 
includes cities, town etc. Metro networks collect the traffic from access networks and 
transport to other users within the metro networks and also to other long distance 
areas through long-haul networks. Metro networks are mostly deployed as ring or 
interconnected rings structures. The dominant technology in metro networks is 
SONET/SDH. But, Gigabit Ethernet is also now being used coupling with the 
DWDM technology.    

Long-Haul Networks 
Broadly speaking, the long-haul is about creating big pipes, which means the 
capacity of long-haul networks is very high. The type of service is not numerous 
unlike the metro side. The network shape is relatively stable; however, as traffic 
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grows dramatically, the size of the pipes must be able to grow easily, too. Other 
significance of long-haul networks is the distances. The distances between nodes are 
usually quite long, normally  > 100 km. Long-haul networks are usually deployed as 
point to point mesh structure.   

Access Networks

Metro Networks

Long hauls 

Figure 2: Network Hierarchical levels   

Network Modeling 

Modelling is about the representation of real world at the abstract level. Network 
modelling is a very comprehensive concept in network planning. Planning and 
designing a network is a huge and complex task. A careful and intelligent planning 
makes the implementation more effective. As it is discussed earlier that networks are 
often very expensive to deploy. In the planning and design process different 
modelling techniques are used to analyse how the network would be performing 
before the actual deployment. Modelling not only helps in the design process but also 
useful in the running network to improve the network performance.       
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3. Infrastructure Planning 
In the previous chapter a brief introduction to basic concepts of network planning is 
presented. We introduced different types and levels of network planning. This 
chapter will lead to the planning into further detail of network planning with different 
methods and guidelines for particularly focusing on infrastructure planning. In the 
start of the chapter we will described which initial information is necessary in order 
to begin the empirical level of planning. Strategic goals and requirements are also 
explained and also their importance why it is needed to specify.  The outset of the 
network structure planning is the modeling and preparation the data. And then, we 
will start the planning by describing how the node location can be decided. 
Moreover, to find the number of nodes in transmission network will be explained. 
When the node locations and their number are decided, the next step is to obtain a 
structure or topology of network. Some guidelines also will be provided for the 
selection of fiber optic cables and also about the ducts. To estimate the cost of IT 
infrastructure methods and guidelines will provided as well.  

Main Goal and Strategic Objectives 

Main goal of network planning is about the expectations and targets set to obtain the 
desire network. First and foremost, the main goal of network planning must be 
specified. It is essential and most important that the main goal is defined and 
understood clearly. A well defined goal makes the planning more effective. What is 
the main intension to build an infrastructure, what services will be provided, what is 
the time frame of network planning and its implementation, such questions should be 
answered.  

To achieve the main goal the sub goals are defined. These sub goals are usually 
called strategic objectives or strategic goals. The strategic goals are the targets which 
are approached in a way that the main goal is obtained in an efficient way. To realize 
the strategic goals strategic steps are formed. The strategic steps are the processes 
which guide what should be done in order to achieve the strategic goals. In Figure 3 
the relation between main goal, strategic goals and strategic steps is represented with 
respect to the time. The time scale is divided into three phases. The division let us 
know which level of planning detail has to carry out. The time scale is not specified. 
However a general time scale is listed later. This should be kept in mind that the time 
scale is not strictly followed by this. This highly depends upon the main goal.    
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Main Goal

Tactical Level

Stratigic Level

Time

Strategic
goals

Operational Level

Strategic
steps

 

Figure 3: Planning details with different levels and targets. 

The main intension for making such division and grouping is the nature of nature of 
network equipments, their life cycle, costs, and expansions etc. In telecommunication 
the technological developments are very fast, which tends to network equipment life 
cycle shorter. The electronic equipment, also called as active equipment, have mostly 
a shorter life cycle, usually 3 to 5 years. However, the passive equipment like fiber 
cable, ducts etc. have relatively very long life cycle. Considering this the planning 
levels are divided in different time scale. The division is listed as: 

Strategic Level: In this level the planning is exercised for long term, 
usually 5 to 20 years. The network elements which have long life time are 
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considered with priority. In the strategic level physical structure of network 
planned with more focus. As mentioned earlier that physical structure has 
long life time, a full scale structure is planned. The tasks which support to 
decide the network structure are performed. The tasks included in this level 
are: defining higher level of strategic goal, application and services 
evaluation offered by network, long term forecasting, and the most important 
planning physical network structure. Furthermore, polices like how the 
network would be scaled and upgrade milestones policies are discussed as 
well.   

Tactical Level: This level normally deals with 3 to 5 years of network plan. 
This level usually has much more detail compare to strategic level. In this 
level switching network is also included. The decisions of which switching 
equipment will be used are also made. Since the dimensioning of network 
also involved the traffic estimation and forecasting are tried with more 
reliable fashion. In the tactical level the strategic goals specified should be 
supporting to achieve the goals specified at the strategic level. Moreover, the 
goals specified at this level better have co relation with the goals at 
operational level.        

Operational Level: operation level consists of 1 to 3 years. This level 
includes the initial legislation issues, access priorities, transition from 
existing network infrastructure to new infrastructure, documentation system, 
business establishment, and related goals are specified. Operational step 
forms the basis to achieve the end goal of network planning. It is important 
the basis should be supporting the evolution of network infrastructure to 
achieve the main goal of the network.   

It is recommended that the planning should be done with an integrated fashion, 
considering the long term demand and goal of the network and achieving it step by 
step with a cost and performance efficient manner. The division of planning 
sometime confuses and may lead planner to think that these steps are practiced as 
stair model where each step has to be planed in the sequential manner. But, in fact the 
aim is here to do the planning such an integrated way the overall cost of network 
could be reduced by achieving the strategic goals at each level, and also enhance the 
overall performance. 

To make this concept clearer, we explain this by giving an example. For instance, the 
main goal is set to build an IT infrastructure for a particular area. The goal is to 
provide the broadband access reaching across very individual of the society, 
broadband for all. The goal yields a very comprehensive meaning and not clearly 
defined with detail. A planning task at this level would be, first of all, specifying 
clearly and describe the main goal with more detail. The questions like what would 
be the main network technology used for the network infrastructure. Would it be the 
wired or wireless? Should it be a fiber optic based or cooper, or even a hybrid one? 
Which technology is more future-proof. These details go further. The point is to get 
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the detail of main goal as much as possible, and relate it with the technological 
evolution and user demands for network services. A good idea would be to make a 
requirement analysis, which can identify which technologies can help to fulfill the 
demands. These tasks will help to define the strategic goals. 

When the main goal is specified with its detail, the next step is to look at how it 
should be achieved. A good idea is here to start planning with the end goal. End goal 
meaning that make a full plan fulfilling the requirements of main goals. However, it 
is very difficult and complex to plan for long term if the time scale is more than 5 
years. The uncertainly level would be very high especially for the active equipment. 
Since passive equipment have a long life cycle they can be considered first, which as 
mentioned the fiber optic and ducts etc. A full structure is planned. This is also called 
the trace level planning. The nodes and line locations are identified. Since fiber optic 
cable and mast for wireless antenna have very long life ~30 to 40 years the planning 
for the physical structure is conducted.   

Going further down to lower levels, the tactical and operational level planning is 
conducted. These levels of planning have much more detail than the strategic level of 
planning. In this level the active equipment are considered. The switching level of 
planning is conducted. Traffic estimation and forecasting are conducted with greater 
detail as well. The strategic goals and steps are defined with more detail compare to 
strategic level planning. These two levels have much more detail and could the most 
time consuming task of network planning. It also depends what is goal of planning. 
As here planning is done for the decision making it is carried out with less technical 
detail. More the detailed planning done more the decision would be precise.  

     

Collecting General Information 

Before the network structure is planned, it is necessary to collect necessary initial 
information. This information, described later, is immensely useful in the later 
process of planning. It should be noted that all the required information to deploy the 
network is not available most of the times. There are sometimes assumptions have to 
be made, many things are calculated by approximating. However, it is always useful 
to obtain maximum information which will make the planning more accurate.   The 
most important are elaborated and discussed in the following sections:   

Geographic location and its significance 

A detail study of geographic location, where the network is supposed to be planned, 
is the prerequisite of a network planning. Information about the area and what is the 
significance of the location compared to the other locations should be analyzed. 
Moreover, the information about the potential of network paths for laying ducts and 
placing wells are analyzed. The distribution over the geographical location of 
difference classes of network users is also useful.  
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Geographical information can be obtained and analyzed with the assistant of 
computer based Geographic Information System (GIS). The information in GIS can 
be represented both in two dimensional (2D) and three dimensional (3D), depending 
upon the available data. Normally 2D representation is adequate for the wired 
network planning but in some cases 3D is very useful too. For example, if the 
elevation of area is quite irregular, consisting of mountains etc., or inside the 
buildings etc., then the 3D GIS assists better. If the wireless is included in the 
network then 3D GIS is strengthen the planning in a greater extent.   

Existing network infrastructure 

It is always found quite useful to investigate the existing network infrastructure. The 
information such as what is the service level of existing infrastructure, What is the 
coverage of existing infrastructure, which technologies are being used, What are their 
future plans, and similar others.  The information of existing infrastructure can be 
useful in many ways: it maybe possible to use the existing infrastructure with new 
infrastructure, the services offered by the existing infrastructure, and impact of the 
replacing or including the new infrastructure, competition level, and other related.    

Regulation issues 

To avoid the later complications of regulations issues it is recommended they are 
confronted in the early stage. Regulations have a great impact to realize the network 
and also the economical impacts. The examples of regulations issues are 
infrastructure ownership, digging and placing the antenna, radio frequency, etc. The 
regulation issues should be give special attentions. As wrong assumption  leads to 
wrong results, if, for instance, a certain level of radio frequency is not allowed in the 
region the planning based on such technology would be wasted, therefore it is very 
important to get the necessary regulatory information in order to avoid the later 
complications.  

Population and related statistics 

The main target to build a network infrastructure is the habitant of the society itself. 
It is recommended to collect various information about population. Different of 
statistics which can be used in planning are listed below: 

Total population 

Urban and rural population  

Age groups 

Population growth 

Male and female population ratio 

Literacy rate 
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Unemployment rate 

Others related 

The use of these statistics can have many dimensions. They are helpful to understand 
the requirements of building an infrastructure affected by the population trends. To 
know the total population is certainly interested and required, it will let planner know 
the number of the potential users of network. It is also useful to get the statistics of 
urban and rural population. The general trend is the urban population is given more 
priority than the rural population. This leads to a digital divide. Generally speaking, 
rural population should also have an equal opportunity to access the communication 
infrastructure. A good strategy is to give an equal attention. This can be achieved by 
a long term strategy where gradually all the member of society participate.  

Different age groups have different interests and that also leads different ways of the 
network use. Therefore, by getting the information of different age groups can help to 
understand better the use of network.  

The growth of population cases by different reasons. In general population growth is 
measured by birth rate. But, this is not only the reason. There are other population 
growth factors like moving in and moving out to other areas. If the industry is 
growing the rate of population growth is increased.  

Other statistics like male and female population ratio, literacy rate, unemployment all 
reflect some how the use of network infrastructure. This kind of information is not 
mandatory but help for the effectiveness of planning.  

User groups 

The user of network infrastructure can be divided into different groups. The division 
or grouping helps to identify their QoS and also other related demands like 
redundancy. Some of the most used grouping is listed below: 

Households 

Businesses 

Public Institutions 

The households are usually the largest group in infrastructure. Business and public 
institutions are also having quite a big proportion and demanding higher availability 
of network. There can be made further sub-grouping, like in Business; important 
business and ordinary business can be sub-grouped.   

Network services and application 

The buildup of every network is to offer certain kinds of services and applications. In 
early days of networks were planned to offer just a single service, for telephony a 
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separate network, for TV a cable TV network and list goes on. The emergence of data 
networks the services and applications offered by a network became numerous. 
Today networks can be built for multi purpose services and supporting variety 
applications. Today fiber optic based network are capable to offer all the services on 
a single network.  

A detail analysis must be performed on the services and applications which the 
network will be offering. In addition, it should be investigated that what would be the 
potential services and applications in future. The most expected broadband 
applications are discussed in Chapter 7. 

Bandwidth demand and traffic forecasting 

Different applications have different bandwidth demands. As it is important to know 
what applications will be used, it is also important to evaluate the bandwidth 
demands applications. Over the two decades it has been apparently observed that an 
increase in computer performance has been leading to new applications and also 
increasing the bandwidth demands. The traffic in backbone network is increasing 
exponentially casing by the use of higher bandwidth demanding applications.  

Different group of network users have different bandwidth demand. For instance, 
business had been requiring higher bandwidths than rest of the user groups. However, 
the situation is changing at user side because of multimedia applications i.e. video on 
demand, file downloading etc. But, on other hand there are certain businesses which 
demand very high bandwidth due to the nature of applications being used. Therefore, 
a differential bandwidth demand has to be estimated.  

In a future proof network the most important element is forecasting the bandwidth 
demand. The forecasting is to estimate the bandwidth demand in future. According to 
the past experience bandwidth in network does not a static behavior, it has been 
experienced increasing over the time. However, it is difficult to get a precise 
overview how the traffic will grow in coming years. A lot of research is done on the 
traffic growth.  For instance, K.G. Coffman and A.M. Odlyzko [4] estimated the 
traffic from 2000 and in the following ten years. They predicted that traffic will be 
double every year. It is however suggested from [5] that this trend at a certain time 
will decrease and the needed bandwidth for an ordinary user will be stabilized around 
100Mbs. This is due to the fact that the development of new services will start 
decreasing.  

Traffic or bandwidth demand estimation and forecasting are important elements in 
network planning. Networks are usually expensive to deploy and equipment are 
relatively quite expensive. If the network is dimensioned on the contemporary traffic 
demand then it would not be able to handle the future’s increasing traffic demand and 
end up with replacing equipment. On the other hand if network is dimensioned too 
optimistically then it would be quite expensive too. Therefore, it is important to find 
a compromise.   
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Different method can be employed to forecast and estimate the traffic in network. 
Some of the most used are explained in Chapter 5. 

Network Technologies and Trends 

This is all the technological advances which made it possible to indulge the human 
desire of such an advance communication available today. In the early days of 
communication networks there was not much or almost no choice of other alternative 
technologies. Today, the communication technology is so versatile that to achieve 
one goal there exist several choices. However, each option has its own advantages 
and disadvantages. We can divide network technologies into two main domains, they 
are listed as:  

- Wired technologies 

- Wireless technologies 

Both are generally discussed earlier in the report. A comprehensive description of 
these technologies can be found in Chapter 6.  

Apart from the specification, it is also important to evaluate the future trend of a 
certain technology. A proper evaluation of a technology trend will give a 
comprehensive overview of the future of network infrastructure.   

Network Structure Planning 

Network structure planning corresponds to the physical level of network structure 
planning. In this level node and line locations are explored. Different modeling 
techniques are used, described in Chapter 4, in order to obtain the network structure. 
In the network structure planning sections the guidelines/methods will be provided. 
The guidelines will outset with data preparation in order to benefit the computer 
added tools. The approach will not only automate the planning process but it would 
be possible to establish different scenarios which will lead the decision space bigger.   

Data Preparation 

To support and make the planning process robust, GIS can be employed. GIS is a 
computer based system which is used to capture, retrieve, process, represent, and 
analyze both spatial and non spatial data of maps. Spatial data includes the points, 
lines and polygons etc., whereas non spatial data consist of textual information. This 
information can be stored in separate databases and can be accessible by the GIS tool. 
There are two major methods of representing maps, raster maps and vector maps. 
Raster maps consist of bitmap form, and vector maps consist of points, lines and 
polygons. Vector maps are more useful for supporting various calculations for 
planning.  There are several GIS tools available, the description of some of them can 
be found in Chapter 5.  
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Several tables created to support the GIS data and also for the other planning tasks. 
Basically, two tables are required in the start: one containing the information about 
segments and second containing the information about segment points. However, 
these tables present only the potential of the network. Those tables usually called the 
road tables, containing most of the road map information in digital form. But, there 
are other potential of the network can be included as well, such as rail roads, 
footpaths and cycle paths etc. These tables are usually processed many times before 
they are able to use for the further network planning. The detail description and 
methods how these tables are created, their attributes and description can be found in 
Chapter 4.  

Node Locations 

The node location in access networks is not a problem - buildings, houses etc. can 
represent the node locations. However, it is a fundamental problem in the 
transmission network. There is no fully automatic solution available, which can find 
an optimal location. With experience, guidelines and together with systematic 
approaches a nearly optimal solution can be obtained. 

One of the systematic approaches is described here first. As mentioned earlier that 
end users or Network Terminations (NTs) locations represents node locations in 
access network. These locations can be a base to decide the node locations.  A 
solution is to make a grid on the location and then count the number of NTs within it. 
The grids containing the highest distribution of NTs can be a potential of node 
location. Figure 4.a shows the locations of NTs on the map and Figure no. b shows 
the map with grid. The grids for potential locations are highlighted. However, still we 
can not be certain about the location within the grid, but at least this gives a first 
approximation. 

( a ) ( b ) 
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Figure 4: Using grid to decide node location. 

To find the optimal location only guidelines can be provided. A compromise is made 
in most cases. Theoretically a best location is that where the distance to connected 
NTs is least. But, in practice the compromised is made on the location cost, reusing 
the existing infrastructure, and electric power availability. 

Number of Main Nodes 
After finding the potential locations of node, the problem is to know the number of 
main nodes. In order to decide it a detailed analysis is required. Too many nodes and 
too few nodes can both impact greatly on cost and performance of network. Another 
issue is the contemporary distance limit of Passive Optical Network (PON) in access 
network. It is recommended that a distance between NT and main node should not 
exceed 10 km. Within 10 km of distance optical signal can be transported without 
any electrical equipment and expensive fiber. However 10 km is not a hard limit of 
PON. This will be improving over the time; latest developments and future trend 
should be investigated while planning.  

The amount of NTs per main node is also analyzed. Too many NTs can cause a 
difficulty to dimension the capacity of node. Moreover, fiber per cable also increases 
in case of low number of nodes. Besides that, the increment of number of nodes can 
cause the average hope distance to other NT, which decreases the performance. The 
issues which are important to consider while deciding the number of nodes are listed 
below. 

Limitation of fiber length in PON 

Total distance of fiber length and digging 

Node and line Redundancy 

Amount of fiber in duct 

Cost of nodes 

Amount of NTs per node 

Capacity of node  

Hop distance  

Network Structure 

The planning of Network structures concerns how the nodes should be 
interconnected. A common terminology for network structure is network topology. 
Network structure or topology can be classified into two main categories: physical 
and logical. Figure 5 is a representation of physical and logical topologies in different 
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layers. On a single physical line several logical connection can be establish. 
Therefore, the physical structure of network should be given importance in term of 
reliability and performance. Here, the primary focus will be the physical structure of 
network. 

Logical Topology

Physical Topology 

Figure 5: A representation of physical and logical topologies shown in different layers  

Network structure affects network performance in many ways. The most common 
performance parameters are explained here. 

Connectivity 
Connectivity is considered most important while a planning network structures. In 
the physical structure, roads, power-lines, railway tracts all provide a mean of 
connectivity. Generally, the connectivity of a physical structure is established within 
the structural demand and the traces for connections. 

Redundancy 
Redundancy in structure means to provision an alternative connection or path from 
one node to other node. The redundancy enhances reliability in network.  

Reliability 
Reliability ensures network that in case of failure network is still operational without 
loosing the defined performance. The reliability in network is very much dependent 
on physical connectivity and redundancy in network. If the physical connection is 
lost, and there is not redundancy available then up on that all logical connections are 
lost, and can not be restored unless physical connection is establish.  
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Cost 
Cost plays a major role in the planning of physical structure. It is obviously nice to 
have maximum connectivity and redundancy which makes the network more reliable, 
but to obtain it apparently expensive. The physical structure of network is often most 
expensive element in network infrastructure. But, on the other hand, it has a very 
long life span. However, the planning task is to obtain an optimal structure with the 
limited economy. 

Access Network Structure 

Traditionally, the access networks are provided without any redundancy and special 
protection. With the advent of new applications and the importance of reliable 
communication this scenario is changing. Starting from homes, we typically have a 
single connectivity, where the applications like security alarms (e.g., fire and burglar 
alarms), remote medical care, and home e-office are demanding high reliability. This 
is even more critical for the business sector, and the public institutions. Some of the 
businesses are even totally relying on networks, known as e-commerce, and the 
consequences of failure could be huge. Since, the physical structure of network is 
planned for longer term the reliability in case of line or node failure should be paid 
some attention. 

The structure of Access network has mostly based tree topology. In tree topology 
there is only single connectivity offered. But this is not the requirement of access 
network. The tree topology is offered because of least cost. But, the disadvantage of 
tree topology is no redundancy and therefore in case of line or node failure no 
restoration is provided. The access network is not limited to tree topology or a 
providing a single connectivity.  

If the size of Access network grows larger then another network structure can be 
included, called as Distribution Network. The distribution network can be thought as 
a mini Metro Network.  

To obtained the access network structure using an automatic scheme we can employ 
a modified spanning tree algorithm, explained in Chapter 5, which finds the shortest 
path between main nodes and NTs, and along that some planning heuristics. As it is 
described earlier the potential paths, roads, rail track etc., are processed as small 
segments while preparing GIS data. The structure of access network usually contains 
quite a big size, more number of nodes and lines compare to higher hierarchies of 
networks. Manual techniques of access network planning require significant time. 
Automated planning is most demanding at this stage.  

Wells in networks are holes in the ground consisting 1 to 4 meters deep, depending 
on the circumstances and the amount of cables passing through, an equipment to be 
placed. The used of wells in networks infrastructure has various purposes. Wells can 
be used to place the equipment; the equipment can be both passive and active. The 
use of equipment depending upon the architecture decided to use.  Wells, also can act 
as nodes in the network, when they are containing equipment. There is special 
protection should be provided for the well containing equipment.  
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Including broadband wireless 
In recent years wireless technology has embraced with many advances and becoming 
a complimentary part of wired infrastructure. Wireless has advantages of providing 
mobility for network access. Other advantages of wireless technology are it is easy to 
deploy, no need for time consuming digging, large coverage area, could be a cheaper 
solution etc. Since Access network is lacking the redundancy because of higher cost, 
the wireless connectivity can be used for the redundancy. In case of wired link failure 
the wireless can be a temporary substitute. Today various broadband technologies are 
available. Some of the most interesting broadband technologies are discussed in 
Chapter 6. Despite the advantages there are disadvantage too; it does not provide 
enough bandwidth compare to broadband wired technologies. The bandwidth 
limitation of wireless technologies is foreseen and it is therefore not considered the 
future proof technology. The limitation of wireless technology gives a stronger 
argument not to adapt it as a main access technology for the infrastructure. Wired and 
wireless technologies both complete the picture of broadband infrastructure by 
providing mobility and redundancy. The combination of wired and wireless 
technology gives a concept of combined wired and wireless infrastructure.  

As the cost of infrastructure is usually very high and the deployment of wired 
technology is also very a slow process due to its deployment nature, the broadband 
wireless can be a strategic part of the deployment of the infrastructure, keeping the 
cost low and giving the access most of the part of infrastructure. This can be done by 
giving the wired access to most prioritized places and wireless access to remote rural 
places where the network access priority is usually. The gradual deployment of wired 
technologies reaching to every part of infrastructure and then adapting the wireless 
technology for the redundancy will complete the picture of infrastructure.  

Metro Network Design 

Metro Networks are the next tier in the three layer approach of classifying the 
network. Metro network is distinguished from the access area by its size. Typical 
metropolitan area regional networks are 50–300 km in total transmission length. 
Most deployed metro networks are ring-based topologies because of their migration 
from Synchronous Digital Hierarchy (SDH) rings. There is no automated planning 
scheme available. Some systematic approaches are used. We have discussed earlier 
how the number of nodes and their location can be found. When the nodes are 
decided the problem is how they should be connected by links. The simplest form of 
structure in metro networks is ring, which provides redundancy. But not always ring 
structure is an optimal choice. The discussion about different structure is presented in 
Chapter 8.  

Long Haul Designs 

The final tier in the layer classification of the network is long haul network. 
Traditionally Long hauls networks were the first fiber optic networks on account of 
that that fact that signal can go far long distance with very few errors compare to the 
old cooper based networks. The long haul networks are usually regional and 
international level networks. The design of long haul network is out the scope of this 
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report. However, it import to know how the connectivity will be provided with metro 
networks to long haul networks.    

Economics  

- Prices issues 

Digging Prices 

Laying Fiber 

Pipe prices 

Fiber prices 

Blowing Fiber 

Housing  

Equipments 

Switching Equipment 

Splitters and Wells   

- Budget Estimation           




