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Abstract 

The following project’s main goal is to develop the design of the services and management 

networks for a real FTTH operator that will operate in Vallès Oriental, which will serve as a 

model for other projects of this kind. 

In the first part of the project a little study about the different alternatives that appear when 

developing the design, in terms of architecture and technologies is made. GPON architecture, 

and VoIP and IPTV technologies are stablished the ideal ones for this operator. 

Then, a high level design is carried out, in which the necessary equipment and the basic 

connections are defined in order to be able to offer the services in the catalogue. 

With this, the basics are defined in order to be able to raise the level of detail, and start talking 

about the IP networks, VLANs, etc. that the network will need to be operative. With the help of 

schematics, the reader will be able to better understand this phase of the project. 

Finally, a Business Plan is developed, in order to justify why an energy supply company can 

decide to undertake a new project as a telecommunications operator. 
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Resum 

El següent projecte té com a objectiu principal dur a terme el disseny de la xarxa de serveis i de 

gestió per a un operador real de FTTH que operarà al Vallès Oriental, que podrà servir com a  

base per a d’altres projectes del mateix tipus o similars.  

En la primera part del projecte es du a terme un petit estudi d’un seguit de diferents alternatives 

que apareixen a l’hora de desenvolupar el disseny, tant en arquitectura com en tecnologia. 

S’estableix l’arquitectura GPON, i les tecnologies VoIP i IPTV les ideals per a l’escenari de 

l’operador. 

Seguidament es fa un disseny d’alt nivell en el qual es defineixen els equipaments necessaris i 

les interconnexions bàsiques per a poder oferir els serveis indicats en el catàleg.  

Amb això es té el necessari per a fer possible una pujada de nivell de detall, donant pas a les 

xarxes IP, VLANS, etc. que la xarxa necessitarà per a ser operativa. Es facilita la comprensió del 

disseny mitjançant esquemàtics fàcils de comprendre pel lector. 

Es desenvolupa, finalment, un pla de negoci que pretén justificar que una empresa del sector 

elèctric de renom decideixi emprendre un nou projecte com a operador de telecomunicacions. 
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Resumen 

El siguiente proyecto tiene como principal objetivo llevar a cabo el diseño de las redes de 

servicio y gestión para un operador real de FTTH que operará en la comarca del Vallés Oriental, 

que a su vez podrá servir de base a otros proyectos del mismo tipo o similares. 

En la primera parte del proyecto se hace un pequeño estudio de las diferentes alternativas que 

aparecen a la hora de desarrollar el diseño, en lo que a arquitectura y tecnologías se refiero. Se 

establece la arquitectura GPON, i las tecnologías VoIP e IPTV como las ideales en el escenario 

del operador en cuestión. 

Seguidamente se lleva a cabo un diseño de alto nivel en el que se definen los equipos necesarios 

i las interconexiones básicas para poder ofrecer los servicios del catálogo. 

Con esto se tiene lo necesario para poder subir el nivel de detalle, dando paso a las redes IP, 

VLANS, etc. Que necesitará la red para ser operativa. Se facilita la comprensión del diseño a 

través de esquemas fáciles de entender para el lector. 

Se desarrolla, finalmente, un plan de negocio que pretende justificar que una empresa del 

sector eléctrico con nombre decida emprender un nuevo proyecto cómo operador de 

telecomunicaciones. 
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1. Introduction 

1.1. Statement of purpose 

This project is carried out at the department of Telematics in Escola Tècnica Superior 

d’Enginyeria de Telecomunicacions de Barcelona (ETSETB) at Universitat Politècnica de 

Catalunya (UPC) and at an external entity, NAE (Nae Comunicaciones SL). NAE is a company 

focused on the development of projects related to every kind of subject within ICT (Information 

and Communication Technologies) either for telecommunication operators or for the public 

administration. 

This said, a company that works in the field of energy supply came with the idea of creating a 

small operator that would offer FTTH (Fibre to the Home) services to some towns in Vallès 

Oriental, starting from a pilot test in La Garriga, which is the stage on which this Project will be 

focused.  

The long term objective is to be able to offer this service to 22 towns, with coverage of 

approximately 85%, from which a 30% of connectivity should be reached. Specifically, in terms 

of number of houses that would or could be connected to the network: 

- 22 towns (70.074 households) 

- 85% coverage (59.563 households) 

- 30% connectivity (15.130 households) 

The coverage factor is the percentage of houses that will be in the CO’s (Central Office) range 

and would require very little work to be connected to the network.  

Although connectivity doesn’t mean the number of houses connected, it represents the 

percentage that could be instantly connected if requested. 

Being this kind of network deployment the very first one for the energy supply company, the 

project really starts from zero.  

Due to the wideness of the creation of a FTTH operator, the project has been broken down into 

different streams: 

- Technology 

- Systems 

- Infrastructure 

- Marketing 

This Project will be a part of the Technology stream, which’s main objective is to design the 

service and management networks always considering the economic impact of every decision 

made. 

The Project main goals are: 

- Analyze the different candidate architectures and technologies for a FTTH network 

describing and comparing them in order to justify the election made 
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- Design a FTTH network from a High to a Low Level of detail for a real FTTH operator 

- Develop the system designed, test and validate it 

 

1.2. Requirements and specifications 

Project requirements: 

- A High Level design that can give a global image of the network 

- A Low Level design that shows in detail every single stage of the network 

- A Tests Design that will be used as a roadmap to verify and prove that the network 

designed accomplishes every requirement and specification set at the beginning 

- A Business Plan that can show how a real telecommunications operator business looks 

like 

 

Project specifications: 

- A network that can offer Broadband Internet Access, Telephony and Television services 

to the subscribers as it will be shown in the technical catalog 

- The network will have to follow some design criteria: 

 Scalability: The network will be able to grow in an orderly manner when the 

user demand grows 

 Redundancy: The ability to get recovered from some problems in the network, 

so it won’t have any impact on the end user 

 Flexibility: Ability to adapt to the tendency changes from the demand 

 Security: elements, policies and authentication mechanisms needed to make 

the network safe and ensure users’ privacy 

 

1.3. Methods and procedures 

Being this project related to the creation of a FTTH operator starting from zero and the fact that 

every FTTH network is independent from the others, there is no previous work from which we 

could start. The only thing known from the beginning is a list of possible service and equipment 

providers, but there is no decision made prior to the beginning of the project. 

As already said, this project is carried out at an external entity, and apart from me, there will be 

another person working on the Technology Stream, which includes this project. 

There will be no software or hardware usage until the end of the project, where all the tests 

will be carried out in order to validate the network design and that the project specifications 

have been reached. 
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1.4. Work Plan 

The project can be clearly divided into the 6 different stages shown below: 

1. High Level Design: Includes a description of the services that are going to be offered as 

well as the equipment needed for the Routing, Switching and FTTH levels 

2. Low Level Design: Once the equipment needed is decided, in order to make it functional, 

equipment interconnection, IPs and VLANs assignment at every level of the network 

must be done 

3. Tests Design: At this point, the network design will have been done but not tested, so, 

in order to know how well does the design accomplish the network requirements, some 

tests will be carried out 

4. Business Plan: As this will be a real FTTH operator, in order to give an overview of how 

its business looks like, a business plan will be developed 

5. Project Report: Development of the final document  

 

1.5. Deviations and incidences 

As in almost every project, the dates set at the beginning of it are not the real ones since there 

are a lot of factors that appear during the project development that might have a direct effect 

on the initial planning. 

This project has not been an exception, and some changes have been introduced throughout 

the development, that are explained below. 

- The first one has been the final date of the High Level Design. There have been some 

problems while deciding what the final equipment should be because the energy 

supply company’s directors were not sure about the definition of the final catalogue, 

and its associated impact on the design. The real final date has been May 20th 

- Since the Business Plan is something that does not depend on the design part of the 

project, it has been developed at the same time, starting it May 4th and finishing it June 

4th 

- For the LLD some problems appeared, which led to stopping the design at some point. 

However, a possible design is shown in this project, which doesn’t mean that it will be 

the one applied in the real scenario. 

- Due to the accumulated delays, the tests haven’t been carried out prior to the Final 

Report elaboration. Hopefully they will be done between July 10th and July 22nd so they 

can be shown in the Project Presentation. 
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This said, here are the actualized Work packages: 

Project: Project Proposal and Work Plan WP ref: (WP1) 

 Sheet 1 of 6 

Short description: Description of the project including 

goals and background, definition of the Work and 

Communication Plan, definition of the generic skills 

acquired throughout the project development. 

Planned start date: 23/02/2015 

Planned end date: 06/03/2015 

Start event: 

End event: 

Internal task T1: 

Elaboration and Delivery of the Project Proposal and 

Work Plan 

Deliverables: 

Project 

Proposal and 

Work Plan 

Dates:  

 

06/03/2015 

 

Project: High Level Design WP ref: (WP2) 

 Sheet 2 of 6 

Short description: Definition of the network architecture 

and the main equipment needed for the three levels 

(Routing, Switching, FTTH) 

Planned start date: 17/02/2015 

Planned end date: 22/04/2015 

Start event: 17/02/2015 

End event: 20/05/2015 

Internal task T1: Comparison of the possible FTTH 

architectures and final decision.  

Internal task T2: Define the equipment needed for the 

Routing, Switching and FTTH levels 

Internal task T3: Define the type of network links 

Internal task T4: Schematic (global + racks) 

Deliverables: 

Project Critical 

Review 

Dates:  

 

24/04/2015 

 

  



 

 16 

Project: Low Level Design WP ref: (WP3) 

 Sheet 2 of 6 

Short description: Physical and Logical resources 

assignment and network schematics 

Planned start date: 22/04/2015 

Planned end date: 01/06/2015 

Start event: 21/05/2015 

End event: 09/07/2015 

Internal task T1: IP assignment (Routing, Switching, FTTH) 

Internal task T2: VLAN assignment (Routing, Switching, 

FTTH) 

Internal task T3: Detailed schematic 

Deliverables:  Dates:  

 

 

 

Work Package: Tests Design WP ref: (WP4) 

 Sheet 4 of 6 

Short description: Design a roadmap to follow when 

testing the network  

Planned start date:02/06/2015 

Planned end date: 30/06/2015 

 Start event: 

End event: 

Internal task T1: Tests Design 

 

Deliverables: 

 

Dates: 

 

 

Work Package: Business Plan WP ref: (WP5) 

 Sheet 5 of 6 

Short description: Business Plan for a real FTTH operator  Planned start date:25/05/2015 

Planned end date: 15/06/2015 

 Start event: 04/05/2015 

End event: 04/06/2015 

Internal task T1: Business Plan Deliverables: Dates: 
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Work Package: Project report WP ref: (WP6) 

 Sheet 6 of 6 

Short description: Write the Project Report for the Final 

Review 

Planned start date: 08/04/2015 

Planned end date: 09/07/2015 

 Start event: 08/04/2015 

End event: 09/07/2015 

Internal task T1: Delivery of the Project Report 

 

Deliverables: 

Project Report 

Dates: 

10/07/2015 

 

Milestones: 

WP# Task# Short title Milestone / deliverable Date (week) 

1 1 Project Definition Project Proposal and 

Work Plan 

4 

2 1 FTTH Architectures 

Comparison 

 3 

2 2 Equipment   14 

2 4 High Level Design 

Schematics 

Project Critical Review  14 

3 1-2 IPs and VLANs 

assignment  

 21 

3 3 Low Level Design 

Schematics 

 21 

4 1 Tests Design   

5 1 Business Plan  17 

6 1 Project Report  Project Report 21 
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The work breakdown structure is the following: 

 

Figure 1: Work breakdown structure 

Source: Own elaboration 
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The next figure shows the actualized Gantt diagram: 

  

Figure 2: Gantt diagram 

Source: Own elaboration 



 

 20 

2. Project development and State of the art:  

Although the initial template didn’t mix the State of the art with the project development itself, 

in this case it makes sense to do it in order to better understand some of the decisions that will 

be made throughout the project development.  

As said in the Introduction, this project has been separated into six work packages, which are: 

- Project Proposal and Work Plan 

- High Level Design  

- Low Level Design 

- Tests Design 

- Business Plan 

- Project Report 

From these, the first and last one are not related to the development of the technical project, 

so they will not be included in this chapter. The others will be deeply developed in order to give 

a clear view of how the project has reached the initial goals. 

Before getting into it, lets first take a brief look back at why FTTH network technologies 

appeared and are here to stay. 

2.1. Why FTTH? 

From the very first appearance of the Internet at around 60’s and its global adoption in 90’s, 

the user’s demand has grown and evolved hugely. From just wondering how to connect two 

computers, we are nowadays demanding services such as 1Gbps Internet connection or 

Television on Demand. 

Due to the evolution of the services demanded, the development of new technologies that 

would be able to offer them was a must.  

In the early stages, xDSL technologies were and are still used, which can cover the basic users 

demand, such as Internet and Telephony. The reality is that ADSL (Asymmetric Digital Subscriber 

Line) is still the most used technology. In fact, in Spain, 75% of the households with Internet 

access use ADSL, but as soon as the philosophy of offering all services using the IP network 

appeared, the requirements changed and the necessary bandwidth grew significantly to the 

point that Telefónica, which is the most important operator in Spain, said that by the end of 

2020 their ADSL COs would disappear and would be substituted by FTTH COs. This statement 

shows that the conversion to FTTH is real and that the xDSL era is coming to an end. 

Some of the problems related to xDSL, such as the low bandwidth that could be offered to the 

user and the high dependence on the distance between the user and the CO, were solved with 

the appearance of HFC (Hybrid Fibre-Coaxial), which would improve the performance of the 

network by adding the fibre optics to some of its stages. Although there was a considerable 

improvement, the users’ demand would not stop growing and changing to the point that even 

a greater bandwidth was required. 
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Due to the fact that optical fibres were proved to be the best for data transmission (very low 

losses), a network that was fully deployed with optical fibres would be the one that would offer 

the best services and give answers to some of the newcomer services that started to be 

demanded. 

This kind of networks are called FTTH, where the fibre cable starts at the operator’s CO and 

ends at the user’s dependence. This said, there are different architectures and technologies 

that can be used to deploy this network that have an impact on the equipment needed and the 

associated costs as will be explained later on. 
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2.2. High Level Design  

The HLD (High Level Design) is the first stage in every design project. Its main goal is to give a 

global and clear idea of how the final solution will look like. In this case, the final solution will 

be the FTTH network. 

At first, there is a description of the services that are included in the technical catalogue and its 

characteristics in both the residential and business cases. Next, the requirements that the 

offered services represent and have an impact on the network as well as the design criteria that 

will be followed throughout the network design, are defined. 

Then, some possibilities in terms of technology involved in the development are explained and 

compared so that the appropriate decisions can be made. 

Right after, a detailed definition of the proposed solution is done in what concerns the network 

architecture and topology and the solution to offer all the services described in the technical 

catalogue. 

At the end of the chapter, there is a first schematic that shows the global network’s appearance 

and then, due to the fact that the final equipment will be installed in different racks depending 

on the node they belong to, the most significant ones are shown, which will give the reader a 

clear image of how the equipment will be installed. 

It has to be said that the pilot test will be carried out at La Garriga, however, since the first 

towns that will be covered at short term will be La Garriga, Centelles, Tona, Taradell and Balenyà, 

the design includes them as well. 

By definition, FTTH is a technology used in the access network, which means that it is just takes 

into consideration the part of the network that runs from the user’s dependence to the service 

provider’s CO. However, in this project we are going to consider the whole network. That is, 

from the user’s dependence to the interconnection point through which our network will 

connect to the Internet, understood as the external network. 

2.2.1. Offered Services 

As in any other business, the first thing to be defined is the product or service that the company 

is going to offer, and a telecommunications operator is not an exception.  

At first, the main work belonged to the Marketing field, which consisted in making an intense 

study of what other operators were offering in the zone of interest in order to define a good 

strategy to be competent. 

What was clear from the beginning was that there would be two kind of services: the ones that 

would focus on the residential clients and the ones oriented either to companies or to other 

telecommunication operators (wholesale services). Apart from the benefits that wholesale 

services will mean at the end of the day, which are not as many as the ones related to the 

residential side, the main reason that pushed the company to offer this kind of service is that, 

in order to get a grant from the state, a minimum wholesale offer must be in the catalogue. 
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2.2.1.1. Residential 

In the residential side it was clear that in order to be able to have a nice impact on the potential 

users, we had to cover, at least, the same services that other operators were offering. These 

are: 

- Internet access 

- Television 

- Telephony 

- Mobile telephony 

- Mobile broadband 

Although the last two services are not going to be offered using our FTTH network and are not 

in our design’ scope, they will also be slightly explained. 

For the first service, the Internet access, clients will have three different options in terms of 

bandwidth. These are, in an ascending ladder: 50Mbps, 150Mbps and 300Mbps. Users will have 

two possibilities for each of these bandwidths that will differ in the kind of IP addresses that 

will be given to them depending on their needs as it is explained in the LLD (Low Level Design).   

There will be two options for the TV service. The first one (Basic) will include 15 channels, while 

the second one (Premium) will include 32. It will not be possible to contract the TV service 

without Internet access and Telephony. This is what in the FTTH market is called the Triple Play. 

In the case of Telephony, there will be the option of just contracting this service or combining 

it with the others. In all the possible combinations this kind of service will be unlimited1.  

As said before, the network that is going to be designed in this project is not going to offer 

mobile services but they will be in the technical catalogue too, so here is a little explanation. 

Being the wholesale services in the technical catalogue of every telecommunications operator, 

our operator will have the option of contracting this kind of service for the mobile cases. In 

order to do so, we will buy SIM cards to another operator and will use their network. This will 

allow us to offer both mobile telephony and Internet access. 

2.2.1.2. Business 

In the business side, the offered services can be separated, as said before, in two groups: 

- Services offered to companies 

- Services offered to other telecommunications operators 

On the one hand we have those companies that want to contract a high bandwidth connection 

so they can manage all the demand that is generated in the company. It is obvious that the 

requirements for a business service differ a lot from those for a particular client. 

                                                
1 Unlimited means that the amount of minutes offered are not going to be totally consumed in 99% of the 

cases but, in fact, there is a limit. Calling it unlimited is just a strategy. 

 



 

 24 

In this case there will be just one option in terms of bandwidth for the Internet access service, 

which will be of 1000Mbps. Again, there will be the possibility to combine it with the other 

services, except for the TV one, which will not be offered in the business catalogue. There will 

be two ways of contracting 1000Mbps, the first one does not offer any warranty unlike the 

second one, which does offer it. 

On the other hand we have the ones meant to be contracted by other operators. The first one 

is called Dark Fibre. It consists in renting a portion of the fibres that are not being used by the 

owner operator. This service can be divided, again, in two groups.  

The first one corresponds to the rental of fibre in the core network, which means high 

bandwidth. For example: Operator A has two backbone nodes at X and Y, and operator B wants 

to go from X to Z at high speed and has only deployed fibre from Y to Z. Operator B can rent 

some of those dark fibres from operator A so he can go from A to Z not having to invest in all 

the infrastructure needed. The other kind of Dark Fibre service is the one that rents fibre from 

the access network, which is basically the same but not so much bandwidth is needed.  

The other wholesale service is called Bitstream. It consists in giving the possibility to other 

operators to use our network to offer services to the end user. At some point of the network, 

the traffic from clients that contracted services to the other operator will be delivered to it. 

As said before, at the end of the day, it has no big impact on the operator’s incomes but, in 

order to get a grant from the state, a minimum Bitstream service offer must be in the catalogue, 

which is meant to help the competence.  

2.2.2. Design criteria 

Before starting any design project, one has to think of how it is going to be approached. In this 

case there are three main aspects that are going to be taken into account throughout the design. 

The first one is Scalability. Scalability understood in the way that in the future, when the 

network grows, no big changes will have to be made in the initial design and it will have the 

ability to adapt to them. It would make no sense if, for example, when the demand grew, the 

initial design fell apart. So during the network design there will have to be an eye on the future. 

Another design criteria, probably the most important one in terms of the QoS (Quality of 

Service) that the end users will receive, is Redundancy. It means offering alternatives to the 

network in order to not being unable to satisfy its clients because of a fail for example, in a core 

link. Duplicating critical equipment, alternative routes, etc. are some of the solutions that will 

be used later on. 

Being any service that needs Internet connection vulnerable to some attacks that could 

threaten users’ privacy, the network will have elements, policies and authentication 

mechanisms to make the network safe. 
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2.2.3. Network architecture 

Before getting deeper in our network, lets see how all telecommunication networks are 

structured and then we will particularize for the FTTH case. The next figure shows, separated 

in different parts, the generic schematic of a telecommunications networks.  

- Internet represents all that network equipment outside the service provider’s 

dependence, through which the users will have access to external services and 

resources 

- The core or transport is the central part of a network, responsible for connecting the 

network to the Internet as well as the different parts of the network itself. It is where 

the traffic travels at the highest speed. Its implementation can vary depending on the 

needs as we will see later 

- The Aggregation network is the point to which traffic from many users converges and 

needs to be ordered so that the network can manage it 

- The Access network, as already said, is the part that runs from the service provider’s 

CO to the user’s dependence. This is where the end users are connected 

This said, from now on we are going to particularize for the case that concerns this project, a 

FTTH network.  

In the next chapter we are going to see which the different technological alternatives for some 

of the four parts of the network and for two of the services offered are. 

Figure 3: Network architecture 

Source: Own elaboration 
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2.2.4. Technological alternatives 

From the different parts in Figure 3, there are two that can be implemented in different ways. 

These are the core and access (FTTH) networks as shown in 2.2.4.1 and 2.2.4.2. 

In the services’ side, Television offers different possibilities from which one will have to be 

chosen. For the Telephony case, the main differences between the traditional telephony and 

VoIP are shown. 

2.2.4.1. FTTH 

When talking about FTTH networks there are basically two different architectures that come to 

our mind.  

On the one hand there are the AONs (Active Optical Network) also called P2P (Point to Point). 

Its main feature is the fact that all subscribers have their own fibre optic line from the CO to 

their dependence. 

On the other hand, PONs (Passive Optical Network) or P2M (Point to Multipoint) are those in 

which a defined number of subscribers share the same optical line and don’t use any powered 

device between the CO and the subscribers’ dependence. 

The next figures show how their topologies differ: 

Figure 4: AON topology 

Source: Own elaboration 

Figure 5: PON topology 

Source: Own elaboration 
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Note that the first device is not the same in the two cases. For the AON it is usually called AN 

(Active Node).  

Looking at Figure 5 we can see that there are some devices called splitters. These are the ones 

responsible for duplicating the signal in the input port to all the output ports so that the signal 

can get to different users. The fact that they don’t need any powered source is what gives the 

name to this kind of networks.  

The data transmission also differs between these two cases. For the first one, the traffic that 

travels through the optical line is the one that belongs to its correspondent subscriber. The 

traffic filtering is done at the AN as shown in the next figure: 

In contrast, in the PONs’ side, this is quite different. In the downstream direction, the traffic is 

broadcasted by the OLT (Optical Line Terminal) and the ONTs (Optical Network Terminal) are 

the ones responsible for letting the traffic in or not depending on the destination address. So, 

in this case, the filtering is done at the end point of the network as shown in the figure: 

In the uplink case, the OLT has to synchronize all the ONTs that share the same PON port in 

order to avoid collisions and network congestions. Note that this has not to be done in the 

AON’s case neither. 

So, it looks obvious that the AON case is much more efficient for the data transmission.  

Figure 6: AON data transmission 

Source: Own elaboration 

Figure 7: PON data transmission 

Source: Own elaboration 
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Moreover, imagine that in a PON, one of the optical lines before the splitting stage stops 

working for whatever reason. That would mean that all the subscribers sharing that line would 

be affected. In contrast, if that happened in an AON, only the subscriber connected to that line 

would notice the problem. 

In the PONs side, there are some technologies that implement this kind of topology as it is 

shown in the next table: 

Technology Capacity Users Distance 

EPON 
Up 1,250 Gbps 64 

32 

10km 

Down 1,250 Gbps 20km 

GPON 

Up 1,244 Gbps 128 

64 

32 

20km 

Down 2,488 Gbps 

10G EPON 

Up 10,312 Gbps 64 

32 
20km 

Down 10,312 Gbps 

XG-PON 

Up 2,488 Gbps 
256 

128 

64 

32 

100km 

Down 10,312 Gbps 

NGPON2-λ 

Up 10,312 Gbps 
256 

128 

64 

32 

60km 

Down 40 Gbps 

Table 1: PON technologies 

Apart from these technologies, APON and BPON could be added to the table but since they are 

almost obsolete due to their inefficiency, we will not even consider them. 

The last one, NGPON2-λ is still being developed and can’t be implemented yet.  

Note that there is a huge difference between EPON-GPON and 10GEPON-XGPON in terms of 

capacity, which could make people think of them as the ideal solutions for a FTTH network. The 

fact is that although offering much more capacity and its impact on the services and QoS, its 

development is so expensive that it makes no sense to implement it yet, being GPON and EPON 

able to give answer to nowadays demand.  
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In fact, Alcatel-Lucent said that it is estimated that by 2025, a household will consume at around 

50Mbps, and both GPON and EPON can support this demand. 

This said, 10G EPON and XG-PON are also discarded for our network. 

The two technologies remaining, EPON and GPON are, in fact, the two most popular PON 

technologies worldwide. The first one was developed by IEEE (Institute of Electrical and 

Electronics Engineers) and the second one by ITU-T (Telecommunication Standardization Sector 

of the International Telecommunications Union). 

The reality is that both technologies are pretty similar, despite the fact that GPON offers more 

scalability in terms of bandwidth allocation and greater downlink capacity. Apart from that, the 

differences between them are very little. 

However, most operators implement the GPON network. It can be said that the election made 

between these two technologies is more a matter of trend than anything else because of their 

similarity. 

Now that we know the PON technology that could be used in our network, it is time to decide 

whether to deploy a GPON or an AON. 

The following table shows a comparison of these two topologies, which will help us to decide 

which one to implement: 

 AON GPON 

Bandwidth allocation X  

QoS X X 

Impact of faults X  

Risk of eavesdropping X  

Subscriber’s equipment cost X  

Network technology costs  X 

Network deployment costs  X 

CAPEX  X 

OPEX  X 

Table 2: AON vs GPON 

Note that the boxes that include a cross mean that the corresponding architecture has the 

advantage in that particular subject. 
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Looking at Table 2 it is clear that active networks are much better than the passive ones in terms 

of the functionalities they offer that will directly have an impact on the services, but that is not 

the only thing to be considered.  

As said before, the predicted demand for 2025 will not overcome GPONs capacities. Moreover, 

especially for small operators like ours, the most important thing is the network cost, and that 

is where the biggest advantage of GPON over AON comes to play. Both CAPEX (Capital 

Expenditure) and OPEX (Operating Expenditure) are less in GPON’s case [1]. 

Note that for the fibre deployment in an AON network, a cable needs to be deployed for each 

subscriber. On the other side, thanks to splitters, the costs of the deployment get highly 

reduced.  

This said, we can conclude saying that our network will be GPON. 

2.2.4.2. Core/Transport  

The Core or Transport network can be said to be the most important part of the whole network. 

It is where the traffic usually travels at the highest speed and offers full connection between all 

the nodes.  

This said, there are basically two options for implementing it. 

The first one is probably the one that is used the most. It uses L3 equipment to implement it. 

L3 equipment are basically routers, which have the ability to decide where to send the traffic 

depending on its destination and network state. 

The other option consists in using L2 equipment. Switches. In this case, this kind of devices are 

not as sophisticated as routers, but depending on the needs, they can be very useful as well. 

The first option is probably the most efficient one due to the methods and algorithms used by 

the equipment. However, being so sophisticated has its drawbacks in terms of speed, being it 

greater than when using L2 equipment, which is characterized by the high commutation speed 

it offers. 

This said, in our case, the core network will be only used for connecting the different nodes at 

high speed. To do so, L2 equipment is enough. 

Note that this only concerns the core network and does not mean that there will be no L3 

equipment in the network. In fact, in any network, L3 equipment is a must. As we will see later, 

we will compensate the lack of routers in the core by placing one of them in each of the nodes 

where our services will be offered. 

2.2.4.3. Television 

When talking about FTTH networks that offer Television services, there are two main 

candidates in terms of technology. These are: RFoG (Radio Frequency over Glass) and IPTV 

(Television over IP).  

Before getting deeper into these two technologies let’s see how data is transferred through the 

network, which will help us understand how this service is offered.  
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It is obvious that the network will have to deal with traffic coming from the user (Uplink) and 

traffic going to the user (Downlink). This traffic can be related to any of the three services 

offered through the FTTH network (Internet, VoIP and TV).  

Having the optical fibre the ability to transfer signals at different wavelengths and the existence 

of optical filters that separate them, WDM (Wavelength-Division Multiplexing) is used to 

transfer all the data. It is a method of combining multiple signals at different wavelengths for 

transmission along the same medium. 

Downlink traffic is transferred at 1490 nm and Uplink traffic at 1310nm. 

- RFoG 

This technology uses the 1550nm wavelength to transfer the TV signals. The signal is 

first captured by elements such as antennas, then it gets through a TV header that 

introduces the signal in the network as IP packets, which enters an IP-RF converter and 

then a 1550nm optical transmitter. Then the signal enters an EDFA (Erbium-Doped Fibre 

Amplifier) and right after it is combined with the other signals (Internet and VoIP) using 

a WDM coupler. At this point we would have Internet and VoIP traffic as IP packets 

travelling at 1490nm and the TV signal at 1550nm, but not as IP packets [2].  

This said, at the user’s dependence we need an ONT that separates both IP and non-IP 

signals and has a CATV (Cable Television) output port that will be directly connected to 

the TV. This ONT could be the model HG8247 manufactured by Huawei. 

The general schematic of this technology would be the following: 

 

Figure 8: RFoG schematic 

Source: Own elaboration 

As we can see in the next image, the ONT has different ports. From left to right: CATV 

output (to be connected to the TV), the input fibre optic, four output ports for the Local 

Area Network, and two ports for Telephony. 
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Although RFoG TV offers a good QoS, today’s demand and technology is evolving to the 

point that we want to have access to the TV service from any device, such as our tablet 

or smartphone, and that is where the biggest limitation of RFoG appears.  

In addition, as we will see later on, RFoG costs are much higher. 

- IPTV 

In this case, the TV signal is encapsulated in IP packets and transmitted through the 

network together with the other data using the same wavelength (1490nm). This said, 

all the equipment between the TV header and the client’s ONT that is necessary in RFoG, 

is not in this case. However there are two needed devices in this case that were not in 

RFoG: a CMS (Content Management System) and the STB (Set Top Box) [2].  

As already said, the signal travels as IP packets and arrives at the user’s house as so. It 

is obvious that we need something to translate those packets to TV signal, and that is 

what the STB does.  

In this case, we can receive the signal at any device with Internet access. 

The general schematic would be the following: 

Figure 10: IPTV schematic 

Source: Own elaboration 

 

To see the difference between the ONTs, here is Huawei’s HG8240: 

 

Figure 11: IPTV ONT 

Source: Huawei.com 

Note that in this case there is no CATV port, the TV signal will get out through one of 

the Ethernet ports. 

Figure 9: RFoG ONT 

Source: Huawei.com 



 

 33 

 

Once that we have seen the main differences between these two technologies, lets see what 

drove us to choose IPTV and not RFoG. 

Considering the offers that we received from some of the equipment providers, the 

approximate costs would be: 

 

  RFoG IPTV 

Concept  Unitary price Units Total Units Total 

TV Header 25.000,00€ 1 25.000,00€ 1 25.000,00€ 

CMS 5.000,00€   1 5.000,00€ 

  25.000,00€ 30.000,00€ 

Table 3: RFoG vs IPTV costs 

The table shows the equipment at the receiver node, where the signal is captured and 

introduced in the network.  

The next one shows the costs in any of the local nodes that we will give service to. In this case 

the costs just belong to the RFoG solution because in IPTV these do not exist. 

 Unitary 

price 

La 

Garriga 

Centelles Tona Taradell Balenyà Total Price 

IP-RF 

converter 

8.000,00€ 1 1 1 1 1 40.000,00€ 

1550 nm 

transmitter 

1.000,00€ 1 1 1 1 1 5.000,00€ 

EDFA 9.000,00€ 3 2 2 2 1 90.000,00€ 

WDM Filter 100,00€ 57 28 31 23 14 15.300,00€ 

       150.000,00€ 

Table 4: RFoG additional costs 

Here is a brief explanation of where the number of units per town come from:  

For the first two devices we only need one of them at each node because they just take the 

traffic and “change” its format. The other two are a little more complex.  
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For the EDFA, the one we received in the offer had 20 output ports, and each of these ports 

has to be mixed with each OLT GPON port. Considering these and Table 7 we can see that these 

would be the required number of EDFAs. For the WDM filter happens the same, we need one 

for each OLT GPON port so, again, looking at Table 7 we can see the correspondence.  

So, approximately, implementing the RFoG solution would cost at around 175.000€. In the IPTV 

case, the infrastructure would cost something around 30.000€. Note that in the IPTV case, as 

said before, the Set Top Box will have to be installed at the user’s dependence. However, its 

associated costs are nothing compared to the RFoG option. 

2.2.4.4. Telephony 

Like in any other FTTH network, the Telephony service is going to be offer using the VoIP (Voice 

over IP) technology. Its main feature is that the IP network is used to send the voice traffic. 

This way, the way this data is treated is the same as the traffic related to pure Internet service.  

The traditional telephony or POTS (Plain Old Telephone Service), uses what is called circuit-

switching. It works by setting up a dedicated channel (or circuit) between two points for the 

duration of the call.  

This is in contrast to newer Internet telephony networks based on digital technologies. VoIP 

uses what is called packet-switched telephony. Using this system, the voice travels to its 

destination is countless individual network packets across the Internet. All these individual 

packets may take different paths to the same place, and disorders usually happen. This said, we 

need the destination to assemble the data in the correct order. 

This way, VoIP does not reserve a dedicated line, so the resources are used much more 

efficiently. Apart from that, dividing the signal into packets enables the system to compress 

each of these packets, which reduces a lot the resources needed for transmission [3]. 

There are much more advantages that VoIP has over POTS, but the ones shown are the most 

important ones. 

This said, one could think that the old telephones that everyone has at home will no longer be 

useful. That is not true. The reality is that these telephones can still be used as long as the 

equipment installed by the operator supports it. 

There are some devices called VoIP adapters that translate the analogical signal, coming from 

a traditional phone, to digital, so it can travel along the FTTH network.  

In our case, the equipment that the operator will install at the clients’ dependence will offer 

this possibility, by having POTS ports, which are the ones used for traditional telephony, that 

incorporate an adapter. 

However, for those that wants to enjoy some of the services that VoIP offers and traditional 

telephony doesn’t, they will have the possibility to install VoIP phones as well, which will be 

directly connected to one of the Ethernet ports of the ONT. 
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Once we have talked about the services based on the IP network, it now makes sense to see 

how the traffic corresponding to each of them is going to be differentiated through the network.  

If we look, for example, at the ONTs shown in 2.2.8, we can see that there is only one port that 

connects the user’s dependence to the network, so there has to be a way to recognise to which 

service the traffic belongs to (Internet, IPTV or VoIP).  

The traffic that will travel through the network will be Ethernet traffic, and its format is the 

following: 

Looking at the image, we can see that there are 12 bits that correspond to the VLAN (Virtual 

Local Area Network) ID, which gives 4096 possible VLAN ID’s, from which 4094 can be used (all 

0’s or 1’s are prohibited).  

In our case, this number will represent the service the traffic belongs to. So, the network 

equipment will need to have the ability to tag the data frames as well as to read tagged frames 

in order to deliver them to the right port. Note: Tagged frames are those with a VLAN ID. 

It has to be said that our frames will not only have one VLAN tag, but we will see this later in 

2.2.6. 

  

Figure 12: Ethernet frame format 

Source:  netmgmt.wordpress.com 
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From now on, we are going to deeply see each of the parts that will form the network 

introduced in 2.2.3. To do it in an ordered way, they are going to be explained in a top-down 

manner. That is, starting from the point through which the network will be connected to the 

external network all the way down to the users’ premises. Then, specific equipment will be 

introduced as well as the Management network. 

2.2.5. Internet interconnection point and L3 equipment 

The first stage that we have to face is the way that we are going to connect our network to the 

Internet as shown in the next figure. 

When talking about the connection of networks, there is a specific device that instantly comes 

to our mind: the Router.  

In our case, we will need one of this in order to be connected to our services provider, which 

will offer us transparent connection to the Internet. This connection will be done through a 1 

Gigabit Ethernet over fibre link.  

Being the service provider placed in Barcelona, our interconnection router will be placed there 

as well. 

Note that this will be the point at which all the traffic coming from our network will meet, so 

this might be the biggest bottleneck in the network. 

It also has to be considered that at this point, the performance of the network stops being 

under our control, so we can’t ensure any QoS from there on. 

This said, the Internet is not the only network that we will have to be connected to. When 

talking about the Bitstream service, we mentioned that an interconnection point through which 

the traffic would be delivered to the corresponding operator was needed. To do so, we need 

another router. Being the traffic delivery set to be done at Centelles, this router will be placed 

there. 

But that is not all. If we take a look back, we can see that each GPON port from the OLT will be 

shared by many users. That means that all their traffic will share the same transmission medium, 

and so could endanger users’ privacy. 

That is why FTTH networks, as well as xDSL networks that include DSLAMs (Digital Subscriber 

Line Access Multiplexer), use what is called PPPoE (Point to Point Protocol over Ethernet). It is a 

protocol used to encapsulate PPP (Point to Point Protocol) frames inside Ethernet frames. 

Figure 13: Internet interconnection point 

Source: Own elaboration 
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Its main goal is to create virtual tunnels between two points to ensure that only authorized 

users can access and use that tunnel to transfer data. It offers Authentication and Authorization 

to the end users.  

This way, sharing the same physical medium by a lot of users is no longer a problem. 

In a lot of Internet Service Providers this function is implemented by what is called a B-RAS 

(Broadband Remote Access Server).  

In our case, the B-RAS router will be placed in Granollers in the short term and, when the 

network grows, B-RAS functions will be implemented in the router placed in Centelles as well. 

The other main function implemented by such a device is the NAT (Network Address 

Translation). It is a methodology of remapping one IP address space into another by modifying 

network address information in the IP datagram packets while they are in transit across a traffic 

routing device. Its appearance was forced by the exponential growth of equipment that had an 

IP address and the limitation in number of IP public addresses.  

This way, for example, a device that has many devices connected to it, can group them all 

through a public IP address, and when a packet arrives, it translates the public address to the 

corresponding private one. This basically how the routers placed in our houses work. 

If we look at the Design criteria, we mentioned the term scalability. In this case we have to 

consider that nowadays IPv4 addresses are running short and that soon there will be a full 

conversion to IPv6. That means that in order to avoid a big equipment replacement in the future, 

our equipment will have to be able to manage IPv6 as well as IPv4 frames.  

This said, our routers will have to implement what Cisco named as NAT64, which enables these 

devices to carry out the NAT functions between IPv6 and IPv4 networks. The way it does it is 

explained in [4]. 

Considering this, the router that we decided to use in our network is the one manufactured by 

Cisco, which’s model is ASR1001. 

Note that if we look at HLD schematic, this router must have two SFP+ ports to connect it to 

the core switch (one of the ports is just for redundancy) plus a management one in the case of 

Granollers and Centelles, and two SFP+ and a management port for Barcelona. So ASR1001 is 

enough for us. Future growth wouldn’t mean any problem since it is modular. That is, new port 

modules can be added. 

Figure 14: Router ASR 1001 

Source: Cisco.com 
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2.2.6. Core/Transport Network 

Once decided that our core network will be implemented with L2 equipment (Switches) it is 

time to see how they will be deployed and which ones we are going to use. 

By definition, a network Switch is a device that connects devices together by using packet 

switching to receive, process and forward data to the destination device. Switches only work at 

the physical layer, that is, they can only see the physical addresses of the packets they receive, 

the MAC (Media Access Control) addresses. 

Forming the core network, they will connect all the network nodes.  

But, before introducing the switches that we decided to use, we need to see how our data 

frames will look like, due to the fact that not every switch out there will be able to manage 

them. 

At the end of 2.2.4.4 we introduced how regular Ethernet frames look like. We saw that there 

are some bits in the frame that identify the VLAN the frame belongs to. If we look at some 

definitions of VLAN, they say that it is a way to separate the network into different broadcast 

domains. But, what does the word “domain” stand for? It can identify a lot of things: costumers, 

services, etc. 

If we go to the costumer’s premises, we have the ONT. Each ONT has different output ports 

depending on the kind of traffic that arrives. However, ONTs only have one input port to which 

all the traffic is delivered. So, there must be a way to identify what kind of traffic has arrived in 

order to deliver it to a port that is able to manage it. It would make no sense if the ONT delivered 

the TV signal to the Telephony output port right? So that’s the point at which using a Service 

VLAN makes sense. In our case, there will be three possible values for that: Internet, VoIP, and 

IPTV. 

But that is not all. We talked about the Bitstream service when introducing the technical 

catalogue, which is the wholesale service by which a costumer can contract another operator 

that uses our infrastructure to offer FTTH services. This said, at some point of the network there 

will be an interconnection point between our network and the other operator’s. That means 

that the traffic that belongs to that operator will have to follow a specific path in order to get 

to the corresponding network. That will be done using a Service Provider VLAN. Note that this 

one only makes sense when the traffic belongs to another operator. 

Apart from these, there will also be other VLANs that will be introduced in the LLD 

Another one could be the Costumer VLAN, which would identify the costumer itself (ONT). 

Note that there will be links in the network that will transport frames from every VLAN. Those 

are called trunk links, and they accept all the frames not depending on the VLAN they belong 

to. The ports that these links connect are called untagged ports. 

Having more than one VLAN in an Ethernet frame is called VLAN Stacking or QinQ. The 

equipment the frames go through still see them as Ethernet regular frames, but with more 

payload, which may include some VLAN tags.  
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We could add as many VLAN tags as we wanted to, if the maximum frame length was not 

reached, but, having 4064 possible values per VLAN tag offers some different possibilities. 

In our case there are basically two: 

- Having three VLAN tags: The first one identifying the service, the second one for the 

subscriber and the third one for the service provider. 

- Having two VLAN tags: One for the service provider and the other for the costumer and 

service together. For example: VLANs 2030, 2031 and 2032 would identify the three 

services of user X. Note that if the costumer is our client, the VLAN would only identify 

the service. 

The election will be made during the LLD, but in order to select the equipment it has to be 

considered that being able to manage this kind of Ethernet frames is a must. 

Again, we need these devices to be able to manage IPv6 packets as well as IPv4 ones. 

In this case we are looking for the switches that will implement our transport network, and they 

normally have a lot of flexible ports. Flexible means that they are implemented with SFP+ ports. 

SFP+ stands for Small Form-Factor Pluggable ports, which is a port to which different kind of 

interfaces can be connected, normally fibre optics or copper. Apart from that, SFP+ ports are 

able to support data rates up to 16Gbps, which is enough capacity for most of the networks, 

including ours. 

In our case, having these kind of ports was a must in order to form a high capacity and flexible 

backbone network. 

Our core network will be formed by four nodes. The first one will be in Barcelona, from which 

the network will connect to the services provider, which’s interconnection point is located in 

Barcelona as mentioned before. 

Having the energy supply company that contracted us their headquarters at Granollers, which 

means that they have room for a lot of equipment as well as useful infrastructure, the second 

backbone node will be placed there. This node will basically contain our servers and TV signal 

capturing devices as we will see later on. 

The third one will be in L’Ametlla del Vallès. Although it is not a town to which we will offer our 

services to, it is a great intermediate point to connect La Garriga and Centelles to the network 

due to its geographical location. 

The fourth and last backbone node will be in Centelles.  This is the point to which the towns of 

Tona, Balenyà and Taradell will be connected. 
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The offer we received for this equipment included the one manufactured by Cisco, WS-C4500X-

16SFP+. Its appearance is the following: 

Being this switch mostly used in Metro Ethernet networks, it supports multiple tagged frames 

and also has the ability to manage IPv6 data packets.  

Note that it has redundant power supply, due to its criticality. 

Considering its main features and price, we decided that this would be the one that we would 

use for the core network. 

2.2.7. Aggregation Network 

As introduced in the beginning of this chapter, the Aggregation network is the point to which 

the traffic from all the users converges and is forwarded to the core network. In GPON based 

FTTH networks there is a main device that implements this convergence, the so called OLT. 

As it is said in the GPON standard, each downlink port of the OLT can connect to the network 

up to 32, 64 or 128 users. In our case, as explained in 2.2.8, 32 users will be connected to the 

same port, and all of them will be sending traffic of all their contracted services to it. 

This results in a lot of traffic to be managed and synchronized to avoid collision and network 

congestions, which gives an idea of how powerful this device needs to be. 

It uses Time Division Multiple Access (TDMA) for the uplink traffic, which is a channel access 

method used in shared medium networks. It assigns a certain time slot to every user, during 

which, the ONTs are able to transmit. It also has the ability to calculate the distance to each 

ONT, in order to notify the ONTs the signal transmission power to be used. 

The downlink traffic is not a problem at all. The OLT sends the traffic to all the ONTs and each 

of them is the one that lets the traffic in or not depending on what the destination of the traffic 

is.  

In order to avoid future investments in this kind of equipment, it is a good thing to choose one 

that will be able to give answer to all potential users that will possibly demand our services in a 

long term period.  

This said, lets see the amount of users per town that the network will be able to give service to: 

Figure 15: Switch WS-C4500X-16SFP+ front and rear view 

Source: Cisco.com 
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Town Real state units 

La Garriga 7.097 

Centelles 3.479 

Tona 3.871 

Balenyà 1.710 

Taradell 2.874 

Table 5: Real state units per town 

As said in the Introduction, an estimated coverage of 85% of the real state units is going to be 

considered, and from those, a 30% of connectivity is supposed to be reached. That is: 

Town Coverage Connectivity 

La Garriga 6.033 1.810 

Centelles 2.958 888 

Tona 3.290 988 

Balenyà 1.454 437 

Taradell 2.443 733 

Table 6: Coverage and Connectivity per town 

Now that we know a more realistic number of real state units that will possibly be potential 

users, we can calculate the number of OLT ports needed in each town: 

Town OLT ports 

La Garriga 57 

Centelles 28 

Tona 31 

Balenyà 14 

Taradell 23 

Table 7: Number of OLT ports per town 

Note that OLT ports = round up (Connectivity / 32). In a generic case, 32 should be substituted 

by the defined number of users per OLT port that the operator chooses. 
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Due to the fact that at the moment there is no interoperability between OLTs and ONTs from 

different manufacturers, being the ONTs chosen in 2.2.8 from Huawei, the OLTs have to be 

from Huawei as well. 

Considering this, we received an offer from the equipment provider in which they proposed the 

following device: 

If we take a look at its specifications we can see it has the next features: 

- Support GPON, EPON and P2P 

- Chassis supports 6 service slots 

- Support 8-GPON port interface card GBPD, 16-GPON port interface card GPBD 

- Support GPON split ratio 1:128 

There are much more specifications, but in what concerns us, these are the most important 

ones. 

In our case we decided to use 16-GPON port cards, which results in the following number of 

cards per town: 

Town OLT service cards 

La Garriga 4 

Centelles 2 

Tona 2 

Balenyà 1 

Taradell 2 

Table 8. Number of OLT service cards per town 

Note that if we use 16-GPON port cards, each OLT will be able to manage 3072 users, that is: 

Figure 16: Huawei MA5603T OLT 

Source: Huawei.com 
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6 (service slots/OLT) * 16 (GPON ports/service slot) * 32 (users/GPON port) 

All that has been said from the beginning concerns the Downlink. For the Uplink, the 

specifications of this OLT say that is has 4 uplink ports, each of them with a capacity of 1Gbps, 

resulting in 4 Gbps total. It also has a Management port that will be explained when talking 

about the Management network. 

Considering this, we can conclude that MA5603T OLT from Huawei is enough for our network. 

But that is not all. The four uplink ports of the OLT are the ones responsible for connecting the 

OLT to the network. They could be directly connected to the core network, but it would 

consume four ports of the core device, which is not desired.  

If we go back to the point at which we compared L2 and L3 core networks, we mentioned that 

in order to compensate the lack of L3 equipment in the core, a router would be placed in each 

node where our services will be offered.  

The reason to place a router in each of these nodes is the fact that to make the network routing 

functions easier and not make them rely only on the Internet interconnection router, a router 

that would be responsible of each town would be ideal. Since all routers have switching 

capabilities, these routers will also be used to aggregate all the uplink ports of the OLT.   

This said, we need them to be able to manage QinQ frames and both IPv4 and IPv6 packets. 

In terms of ports, we need them to have both Ethernet ports and SFP+. The first ones to connect 

it to the OLT, and the others to connect it to the core.  

The offer that we received included Cisco ASR920. Here is an image that shows how it looks 

like:  

 

Figure 17: Cisco ASR920 

Source: Cisco.com 

Note that, again, it has redundant power supply just in case one of them stops working. 

In our case we need this last device but, for a generic FTTH network it will depend on the 

number of uplink ports that the OLT has, whether the operator wants to connect it or not 

directly to the core and the way the operator will implement the traffic routing. 
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2.2.8. Access Network 

As already said, the Access network is the one that runs from the operator’s CO to the users 

dependence. The reality is that almost everyone would include the OLT in this network, but I 

see it more as a part of the aggregation one and that is why it is included in 2.2.7 and not here. 

This said, the only devices left in the Access 

Network would be the splitters and the ONTs in 

the users’ dependence. 

In the splitting stage, in our case it has been 

decided to implement it in two separate stages as 

shown in the image, the first one is a 1:4 splitting 

and the second one is 1:8, resulting in 1:32 (This 

was kind of a strategic decision made by the 

project directors). 

To each of the output fibre lines, a client’s ONT will 

be connected.  

The ONT is the termination of the Access Network 

and where the costumer’s network begins. There 

are a lot of ONTs out there, from just having one 

output port corresponding to Telephony or 

Internet, to having all the possible output ports. 

We have already talked about what the VLAN tags that will identify the service that the traffic 

belong to are. In the case of the ONT, it will use these tags to deliver the traffic to the correct 

output port in the downlink direction.  

For the uplink traffic, we need it to have the ability to tag the frames depending on the port the 

traffic comes from and to transmit it at the correct time slot assigned by the OLT.  

But not only this, the ONT will also have to deal with a very important aspect: the Priority.  

For example, do you imagine that because of the fact that your brother is playing an online 

video game or watching a video on youtube your phone call started to diminish its quality and 

you could not listen the other person while your brothers didn’t even notice? The reality is that 

this is not going to happen because the devices that are installed in our houses are able to deal 

with priority. That is, giving a high sensitive service certain priority over the others. As said in 

the example, VoIP packets have priority over Internet access packets. 

Since all ONTs accomplish almost the same specifications, the determining factor has been the 

output ports that they have in order to better adapt to the services packs that we are going to 

offer. 

As already said, the TV service is going to be offered using IPTV, which means that the TV traffic 

will go through an Ethernet port. In the Telephony side, in order to connect non-IP phones to 

Figure 18: 1:32 Splitting scheme 

Source: Own elaboration 
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our network we need POTS ports, which are implemented as RJ-11 connectors. For the Local 

Area Network (LAN) regular Ethernet ports (RJ-45) will be used. 

Considering the ports needed and the technical catalogue, the ONT’s that better adapt are the 

following: 

For the clients that demand either the 

simple or duo packet (that is, only 

Internet access or Telephone, or both) 

HG8110 has been selected. 

 

 

For those who demand more than 

just Telephony or Internet, HG8245 

will be the one installed at their 

houses. Not only it gives the 

possibility to directly connect the 

devices, but it also has WiFi features. 

 

 

 

The other ONT model has been selected for those companies that demand high bandwidth 

internet connection.  

The device has only a Giga Ethernet 

output port, to which another device 

such as a switch or a router will have to 

be connected at the company’s 

premises. 

 

 

2.2.9. Specific service equipment 

The equipment introduced so far is common for all the services offered. However, there is some 

additional equipment necessary to offer each of the services in our catalogue. 

As explained in 2.2.4.3, for the TV service, we will need TV signal capturing elements and 

equipment to introduce this signal to the network (TV Header). In our case, being the TV service 

based on IPTV technology, this signal will be introduced as IP packets. 

Figure 19: Huawei HG8110 ONT  

Source: Huawei.com 

Figure 20: Huawei HG8245 ONT 

Source: Huawei.com 

Figure 21: Huawei HG8010 ONT 

    Source: Huawei.com        
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There are a lot of devices out there that could be useful for us, but the one that our equipment 

provider offered us is enough and has the following appearance.  

It is manufactured by Appear TV and the model name is SC2000. As they say in the product 

description, it is ideal for operators offering TV services based on IP, may it be over FTTH or 

xDSL networks. 

This said, this is the one that we are going to use. 

But that is not all. We mentioned that to be able to offer this service, a STB should be installed 

in the user’s dependence. In this case the provider proposed us to use VIP1103 by Motorola, 

which can bear services such as high definition TV broadcast and VOD (Video on Demand).  

Note that it only has three ports. One for the power supply, one to connect de TV via a HDMI 

port and the other to be connected to the output Ethernet port of the ONT that will be set as 

the one to which TV traffic will be delivered. 

On the Telephony side, once that we decided that this service will be given using VoIP 

technology, we need a device that is able to support such a technology while running the 

protocols needed to connect phone calls from one phone to another using the IP network.  

Figure 22: SC2000 TV header 

Source: Appreartv.com 

Figure 23: VIP1103 STB 

Source: Motorolla.com 
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This device is called SoftSwitch (Software Switch), which is a software-based device located at 

the operator’s CO that provides managing of voice, fax, data and video traffic and routing of 

calls.  

It also has the ability to connect IP networks to non-IP ones. It could be understood as an 

analogy to what we mentioned before, the NAT64 for the Internet service but for Telephony.  

It is clear that in the future all the services will be handled by the IP network, but the conversion 

might take several years so, before the full conversion is done, a coexistence period is going to 

take place. That is why we need the SoftSwitch to manage calls between different kinds of 

networks. 

The main protocol it runs is SIP (Session Initiation Protocol), which is a communications protocol 

for signalling and controlling multimedia communication sessions. It works together with SDP 

(Session Description Protocol), which describes the parameters in the session (e.g. the phones’ 

IPs). This way, it connects, manages, and disconnects the telephones in a phone call.  

There are two kind of softswitches depending on the range they are able to cover: Class 4 and 

Class 5. 

A class 5 SoftSwitch routes calls between end users or consumers in relatively small areas such 

as a city, town or even small state or country. To connect calls between end-points that are out 

of its range, it passes its traffic off to a Class 4.  

In contrast, class 4 are intended to give answer to long distance calls (e.g. international calls). 

These are the ones that wholesale operators usually have. 

For example, in our network, if a user in Taradell wanted to call a friend in New York, its call 

would be first managed by the local class 4 softswitch (our softswitch), which would connect to 

a class 5 that was able to connect Taradell with New York and would finally pass off the traffic 

to the friend’s operator’s class 5 softswitch, which would stablish the connection. 

This said, in our case we will use a software called Nivis, which is based on an open software 

developed by Asterisk specifically for VoIP. It will be placed in a physical server in Granollers. 

2.2.10. DNS 

This is probably the most important device and which makes all this network work. This is the 

one that makes surfing the Internet so easy and enables people not having to memorize the IP 

addresses of every server that contains the web page they want to check.  

Imagine that instead of writing, for example, atenea.upc.edu, we had to memorize 

147.83.194.33, or 216.58.210.174 for google.com. The fact is that if DNS (Domain Name 

System) did not exist, we had to do so.  

It is a hierarchical distributed naming system for any resource connected to the Internet. It 

translates easily memorisable domain names to its associated IP addresses. 

In our case, DNS will be implemented in the same physical device as DHCP (Dynamic Host 

Configuration Protocol) and IPAM (IP Address Management).  
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DHCP is a standardized network protocol used in IP networks for dynamically distributing 

network configuration parameters, such as IP addresses for interfaces and services. But this 

dynamic IP allocation needs to be traced and known in order to avoid IP addresses duplications 

in the same network. This is done by the IPAM. It integrates both DNS and DHCP so each is 

aware of the changes in the other. This way, a full control of the network in terms of IP is 

reached.  

From now on, we will call the whole integrated device DDI (DNS DHCP IPAM). 

There are many servers that we could use for this purpose, but we decided to use the one 

manufactured by Efficient IP, which is the one that small operators usually use. 

2.2.11. Management Network 

Once that we have seen the main equipment that will form our network, it now makes sense 

to talk about what the management network is and how it will look like. 

The first thing to be considered is that, although all the equipment will be connected to it, the 

management network design is independent from the FTTH network itself. 

But, what is the management network and why do we need it? 

The network management is defined as all those activities dedicated to the control of the 

telecommunication resources. Its main goal is to ensure a QoS of the managed resources at a 

minimum cost [5]. 

The elements that take part in the management process are two: 

- Manager: It is the management station, where the interface with which the operator 

interacts to execute certain tasks is located 

- Agent: It is all the software and hardware that gives operative answer to what the 

Manager wants to execute  

Its functionalities can be basically separated in two groups: 

- Monitoring: It consists in the observation and analysis of the behaviour of the managed 

resources. What it basically does is a periodical probe by asking the agents for the 

monitoring data. In addition, when a fail occurs, the agents are able to communicate it 

to the Management systems as well.   

- Control: It is responsible for changing different parameters from the managed 

resources when needed.  

Figure 24: DDI Efficient IP 

Source: Efficientip.com 
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The International Organization for Standardization (ISO) classifies the management systems 

tasks in five different functional areas: 

- Configuration Management: It is the process of recollecting data related to the network 

state and in the case that it is necessary, it changes the necessary configurations so 

that the network can still work as desired. It also stores all this data to have direct trace 

of the changes in the network. 

- Performance Management: Its main objective is to maintain a level of service for the 

network. It sets different indicators that evaluate the network performance. The 

service availability and the response time are some of these indicators. 

- Security Management: It offers mechanisms to maintain the security policies in the 

network. It identifies the information to be protected and its access points, and 

protects them.  

- Fault Management: Its main goal is to locate the fault is the network and to correct 

them. 

- Accounting Management: Recollection of data related to the resources usage by the 

clients to set the amount to be paid by them.  

So now that we have seen what this network is going to be responsible for, let’s see how it will 

be approached. 

One could think that the traffic that is going to be created for the management tasks could 

travel along the same paths as the services’ traffic. That is actually true but, being this traffic 

generated at a rate of kbps, it is insignificant in front of the Gbps that are going to travel through 

the network for the service case. 

So it makes sense to separate this traffic as much as possible instead of wasting resources that 

could be needed for other purposes (e.g. core ports).  

This “isolation” will be done by connecting the management ports of the devices to a dedicated 

switch, through which only management traffic will travel. This way, instead of wasting one port 

of the core device per device to manage, only the management port of the core switch will be 

used. 

There will also be a VLAN corresponding to this kind of traffic so that only management traffic 

can get through the management ports of each device. 

Being this ports implemented as Fast Ethernet, we need a switch with this kind of ports. In this 

case we just received one offer that included the SF200-24P management switch by Cisco 

Systems shown in the next figure. 

Figure 25: SF200-24P Management switch 

Source: Cisco.com 
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Having all the equipment to be connected to the management network, there will be one 

switch of this kind in every single node of the network. That is, eight management switches 

total. So, in terms of topology, it will be the same as the services network. 

The Manager systems will be placed at the power supply company’s dependence and will be 

managed by them. It will consist in different virtualized systems that will run over the same 

physical equipment. 

For example, for the monitoring part of the management, we will use a software developed by 

Solarwinds which allows to detect, diagnose, and resolve network performance issues. The 

systems that our network will use are out of scope and are not going to be explained in this 

thesis. 

These systems are a critical part of the network, and they need to be highly protected. That is 

why a Firewall Appliance will be connected between our network and the management systems 

as can be seen in the HLD schematic. There will be two appliances just in case one of them stops 

working. The one that we are going to use is ASA 5512-x by Cisco shown in the next figure. 

2.2.12. Network Links 

Now that we know where our network nodes will be placed at and what equipment they will 

include, it is time to see how they will connect to each other as well as the connections in the 

node itself. 

First of all lets start from the core links. These links are characterized by the high capacity and 

range they offer. In our case, we will use them to connect all the backbone nodes at a link 

capacity of 10Gbps over Fibre.  

There will be also a redundant link of 1Gbps over fibre that will be only used in the case that 

one of the core links stops working in order to still be able to offer all the services. 

In the case of the links that will connect the towns where our services will be offered to the 

backbone, we will use 10Gbps links as well.  

If we take a look at the Ethernet standards for 1Gbps and 10Gbps we can see that there are 

different kind of physical layer standards that identify the type of connector to be used 

depending on the distance to be covered. 

Figure 26: Firewall Appliance ASA 5512-x 

Source: Cisco.com 
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The following table shows the distance computed in straight lines between the nodes to be 

connected and the link capacities that we want: 

Node 1 Node 2 Distance (km) Capacity 

Barcelona Granollers 25 10Gbps 

Barcelona  Centelles 40 1Gbps 

Granollers L’Ametlla del Vallès 7 10Gbps 

L’Ametlla del Vallès La Garriga 2 10Gbps 

L’Ametlla del Vallès  Centelles 16 10Gbps 

Centelles  Tona 5 10Gbps 

Centelles Balenyà 5 10Gbps 

Centelles Taradell 10 10Gbps 

Table 9: Distances and capacities per link 

These distances are not real since they are computed as straight lines, which does not match 

the real deployment, and the points selected for the computations are not the exact ones, so 

the modules to be connected selected may not be the final ones. 

If we compare these distances to the ones set in the standards, the final decisions would be: 

Node 1 Node 2 Standard 

Barcelona Granollers 10GBASE-ER 

Barcelona  Centelles 1000BASE-EX 

Granollers L’Ametlla del Vallès 10GBASE-LR 

L’Ametlla del Vallès La Garriga 10GBASE-LR 

L’Ametlla del Vallès  Centelles 10GBASE-ER 

Centelles  Tona 10GBASE-LR 

Centelles Balenyà 10GBASE-LR 

Centelles Taradell 10GBASE-LR 

Table 10: Theoretical interfaces per link 

However, it has to be said that the two links from and to Barcelona will not belong to us. These 

will be contracted to a wholesale operator that offers services in Catalunya, which’s name is 

XOC (Xarxa Oberta de Catalunya).  
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For the Barcelona-Centelles redundant link, the standard used by them is 1000BASE-SX because 

the connection is not direct, having some intermediate nodes in between, and for Barcelona-

Granollers they use 10GBASE-LRM because they also have intermediate equipment that 

ensures the correct data transfer. 

This said, the links that will connect our nodes will be: 

As said when talking about the Management network, each node will contain a management 

switch that will be connected to every device in the node through a 1000BASE-TX link: 

Figure 28: Management links 

Source: Own elaboration 

For those nodes located at a town to which we will offer our services, there will also be an OLT 

that has 4 electrical uplink ports and a management port, as well as the downlink ports that are 

not represented in the figure: 

 

 

Figure 27: Core links 

Source: Own elaboration 

Figure 29: OLT links 

Source: Own elaboration 
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For the two nodes that will contain a B-RAS (Granollers and Centelles), there will be a router 

with a redundant 1000BASE-SX link, due to its critical function: 

 

In the node of Barcelona, where our network will connect to the Internet, we will have a router 

that will be connected to the service provider’s router through a 1000BASE-SX optical link and 

to the switch. As always, it will be connected to the management switch as well: 

 

Figure 30: B-RAS links 

Source: Own elaboration 

Figure 31: BCN links 

Source: Own elaboration 
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In the case of Granollers, it will also include the TV Header, the DDI, the SoftSwitch and the 

firewall appliance to give extra protection to all the devices that will be managed by the energy 

supply company.  

2.2.13. HLD schematic 

Considering all that has been said before and to give a global view of how our network will look 

like, here is the HLD schematic. 

 

Figure 33: HLD schematic 

Source: Own elaboration 

Figure 32: Granollers' links 

Source: Own elaboration 
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2.2.14. Network Racks 

Once that we have seen how our network will look like, it is good to see how all these equipment 

will be deployed. 

All the equipment normally has the necessary physical feature to put it in what is called a Rack. 

By definition it is a standardized frame or enclosure for mounting multiple equipment modules. 

Each module has a front panel that is, in most cases, 19 inches (482.6 mm) wide, including 

edges or ears that protrude on each side which allow the module to be fastened to the rack 

frame with screws. This helps to deploy the equipment in an ordered and clean manner. 

To represent the following racks, we used a software called Visio, to which real devices’ 

appearance (stencils) can be imported as long as the manufacturer implements them. Cisco has 

some of these stencils implemented.  

The first one corresponds to Barcelona. If we look at the HLD schematic we see that this node 

includes an ASR1001 router, a WS-C4500X-16SFP+ switch and a SF200-24P management switch. 

Apart from that, we need to include DC and AC power supplies, optical and electrical patch 

panels and cable grommets to have a clean and ordered deployment: 

 

In Granollers, we need ASR1001 B-RAS, a WS-C4500X-16SFP+ switch, SF200-24P management 

switch, a TV header, a SoftSwitch, two DDI and two firewall appliances. Again, we need DC and 

AC power supplies, optical and electrical patch panels and cables grommets. 

Figure 34: Barcelona's rack 

Source: Own elaboration 
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In L’Ametlla del Vallès we will only need a WS-C4500X-16SFP+ switch and SF200-24P 
management switch, apart from the common the DC and AC power supplies, optical and 
electrical patch panels and cables grommets. 

In La Garriga, as well as in any other town to which we will offer our services, the equipment 
will be: an ASR920 router, a SF200-24P management switch and a MA5603T OLT: 

  

Figure 36: La Garriga's rack 

Source: Own elaboration 

Figure 35: Granollers' rack 

Source: Own elaboration 
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2.3. Low Level Design  

Once that the High Level Design is done, we now know how all the services are going to be 

offered and what the needed equipment is in order to do so. However, we have to make it 

functional so the network can give answer to everything that the operator wants to offer. 

This said, in this chapter we are going to get to a higher level of detail and define all those things 

needed on every stage of the network. 

It has to be said that during the LLD some changes may be introduced respect to the HLD due 

to the appearance of some requirements that were not taken into account during the first stage 

of the project. 

From now on, we are going to constantly see some words that may or not sound familiar for 

the reader. So lets first make a brief explanation of the most important and relevant ones. 

2.3.1. Concepts 

2.3.1.1. IP address 

By definition, an IP address is a numerical label assigned to each device (e.g., computer, printer) 

participating in a computer network that uses the Internet protocol for communication. An IP 

address serves two principal functions: host or network interface identification and location 

addressing. Its role has been characterized as follows: "A name indicates what we seek. An 

address indicates where it is. A route indicates how to get there”. 

As it has been already mentioned during the HLD, there are basically two versions of the IP 

protocol that mainly differ in the number of addresses they support.  

The first and older one, which is the one that we are going to use in our network, is IPv4, which 

uses 32 bits to define every IP address. These are usually separated in four octets so they are 

easier to read. For example, the IP address used by my closest google server is 216.58.210.131. 

In contrast, in version 6 of the Internet Protocol, every address is expressed as a 128 bits 

number, so 2128 different addresses appear in this version. A lot.  

In addition, another distinction has to be made between public and private IP addresses. 

A public address is an address that can be seen by many users outside a network. That is, any 

valid address that can be accessed over the Internet. These kind of addresses are managed by 

some organizations such as IANA (Internet Assigned Numbers Authority) or RIPE (Résaux IP 

Européens). 

In our case, we will need some addresses of this kind as we will see later. 

In contrast, a private address is an address that is accessible only within a Local Area Network. 

These are the addresses that don’t need to be seen from the Internet. In our network, for 

example, the IP address corresponding to a router in the management network is only relevant 

for us, so a private address will be used as we’ll see later. 
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The same organizations that assign the public addresses have reserved the following three IP 

address ranges that will never be registered publicly: 

First IP in block Last IP in block 

10.0.0.0 10.255.255.255 

172.16.0.0 172.31.255.255 

192.168.0.0 192.168.255.255 

Table 11: Private IP addresses blocks 

So, any address within any of these ranges can be used in a private network. Depending on the 

needs, one range or another will be used. 

Apart from this, we need also to be familiar with what is called the net mask. 

A network mask is a 32 bits number that is used to identify which part of and IP address 

corresponds to the network a device belongs to, and which part identifies the device itself. It is 

mostly used to identify whether the destination address is in or out of the network and to know 

where to send it. 

To show how it works lets see an example: 

Imagine that a device has been defined to use 172.16.10.47 as its IP address, and the network 

mark is 255.255.255.0 (the three first octets are 1’s). Using the operator AND, we can separate 

both network and host parts of the address as follows: 

(10101100.00010000.00001010.00101111) AND (11111111.11111111.11111111.00000000) 

= 10101100.00010000.00001010.00000000 = 172.16.10.0 

This way, we can identify 172.16.10.0 as the network the device belongs to, and .47 as the 

device identifier within the network. 

In order to write down the masks in a more simple way, the /x format is used, where x is the 

number of 1’s in the mask. In the example, the mask could also be expressed as /24. 

2.3.1.2. VLAN  

As it has been already introduced during the HLD, the word VLAN stands for Virtual Local Area 

Network. It is a technology through which physically separated hosts can be logically grouped 

in the same local area network, which can make any network design easier. 

It enables the network administrators to control the broadcast domains, so that only the 

interested hosts will receive information related to the corresponding VLAN. 

For this part of the design it is important to consider the following: 

Although it is not mandatory, it is a good thing to use VLANs as the L3 IP networks’ analogy. 

That is, there should be a one to one relationship between VLANs and IP nets or subnets. This 
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way, the network designs get much more understandable. However, the same VLAN can be 

shared by different networks. Note that if, for example, a router’s port has 5 VLANs, it will have 

5 different associated IPs. 

In our case, there is a lot of traffic that could be isolated. For instance, it seems logical to 

separate the TV traffic from the Voice and Management, so that the management ports of the 

devices do not receive traffic related to anything else. This is actually what we will do as we will 

see later on. 

Being the term VLAN a word that can be directly related to Layer 2, it is usually achieved on 

switch or router devices. However, ONTs and OLTs are capable of managing VLANs as well. 

2.3.1.3. VRF 

This is probably not a widely known concept like VLANs and IP addresses, but to better 

understand this design, it has to be explained. 

VRF (Virtual Routing and Forwarding) is an IP technology that allows multiple instances of a 

routing table to co-exist within the same router at the same time. This increases functionality 

by allowing network paths to be segmented without using multiple devices. In addition, it 

increases network security.  

Because of the fact that all the routing instances in the router are independent, the same or 

overlapping IP addresses can be used without conflicting with each other. 

But, why do we need this? 

Remember that our network will be used to offer different services, so traffic corresponding to 

different things will travel through it. If we wanted to implement the routing aspect of the 

network in a different way for every service, we would need a router for each of the services, 

which would increase the costs related to the equipment. With VRF, this can be emulated in 

just one physical device. 

It can be seen as a physical router that contains other routers, which are absolutely 

independent. Each of these can have its own protocols, routing policies, services, etc. 

Now that the reader knows the basics, lets get to higher level of detail. 

2.3.2. Internet Connection 

In this chapter, we are going to see the devices and protocols that our network will need to 

implement in order to be able to have access to the external network or Internet. 

2.3.2.1. To be or not to be (an Autonomous System) 

Lets first explain one of the most critical parts of the network that will be an inflexion point on 

its future in terms of flexibility and independency to manage it. This is, being an AS (Autonomous 

System) or not. 
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By definition, an AS is a collection of IP networks under the control of one or more network 

operators on behalf of a single administrative entity or domain that presents a common, clearly 

defined routing policy to the Internet. 

Lets see it in a simple way. The Internet is said to be the network of networks. That is, it includes 

a lot of independent networks that interact and communicate with each other using a defined 

protocol that offers full connection all over the Internet. Each of these networks is an AS, 

identified by an ASN (Autonomous System Number) that has been assigned to it and uniquely 

identifies the network. For example, Vodafone’s ASN is AS3209. 

If an operator wants to have its own network and not depend on the services provider in terms 

of IP addresses, protocols, management, etc., it needs to be declared and recognized as an AS. 

To do so, a minimum number of autonomous systems have to be connected to it. This number 

is set to two. 

If we look at 2.2.13 we can see that there is only one connection to an outer service provider, 

so we need another one to be able to become an AS.  

This said, we could implement it using the same router shown in the HLD schematic but, in 

order to gain some sturdiness, another router will be added, together with a new switch that 

will offer extra redundancy in the BCN-CEN link as shown in the next figure: 

 

Figure 37: Autonomous System schematic 

Source: Own elaboration 

This way, we can now apply for being an autonomous system.  

Once that our appliance was accepted, RIPE assigned us an ASN and some public IP addresses 

that we could use in our network. 

The ASN is AS200434 and the IP addresses are all those within 185.107.104.0/22, which offers 

1024 different addresses.  
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But this is not all. All these AS need to communicate with each other in a way that they can 

understand and process the information exchanged. To do so, they need to implement the 

same protocol. 

This protocol has not been chosen by us since it is already settled in all the AS that form the 

Internet. It is the BGP (Border Gateway Protocol).  

2.3.2.2. BGP 

If we look at any definition, they say that it is a standardized exterior gateway protocol designed 

to exchange routing and reachability information between autonomous systems on the 

Internet.  

This is the main protocol through which whoever in Campus Nord can enter an American 

website placed in a server in Texas. Thanks to the routing information exchanges, each 

autonomous system will have the ability to get to every point in the Internet.   

This said, our two routers that connect the network to the Internet will have to implement this 

protocol. Note that being the Internet so big, a router that carries out this function will have to 

deal with approximately 500.000 routes, which gives an idea of how powerful this devices are. 

There are two different names for this protocol depending on the devices that take part in it. 

EBGP (External Border Gateway Protocol) is the one used when BGP runs between different AS, 

and IBGP (Internal Border Gateway Protocol) when it does it within the same AS. 

So, technically, these two routers will implement EBGP. 
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Being these two routers the ones that will offer connectivity to the Internet, the Internet has 

to be able to see them and, in order to be visible, we need them to have public IP addresses. 

Two public IP addresses in this case.  

These two IP addresses will have to be negotiated since they have to belong to the same 

network as the service providers’ routers. 

The same happens with the VLANs used for this connection. They will have to be negotiated as 

well. 

These two service providers will give us a block of public addresses as well, so we will probably 

use two of the ones they assign us for this purpose.  

The reality is that only one of them has already assigned us the corresponding block, while the 

other has not yet.  

The assigned block has been 149.6.199.128/25, so 128 public addresses are available for us.  

Due to the fact that the interconnection has not been done yet, the IP addresses and VLANs 

have not been defined. 

  

AS1

AS2 AS3

BGPBGP

Figure 38: EBGP between AS schematic 

Source: Own elaboration 
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2.3.2.3. Internal Routing Protocol 

Now that we have introduced the protocol through which our network will announce its routes 

to the Internet, we also need another one that will be used internally in the network. 

There are a lot of them that could be used in this case, but if we are going to implement EBGP 

on the outer routers, it makes sense to use a pretty similar one in the inside. That is, IBGP. 

It has to be said that there may be some services that will not use IBGP, so IBGP will be 

implemented in the VRFs of the services that we want to use this protocol. 

There are many requirements for the IBGP protocol that may have an influence on its 

implementation scenario, but there is one that really has a “negative” impact. 

In IBGP, there is a rule that says that any routing notification that a router receives from its 

neighbor can’t be forwarded to any of its neighbors. That means that we need to have a full 

mesh as shown in the next figure: 

 

This is obviously not the optimal solution, so we need something that makes reducing the 

number of peers per router possible so we can optimize the resources usage. 

The solution that offers this possibility is the implementation of what is called a RR (Route 

Reflector). As its name says, it reflects the routing information that comes from a client router 

to all the others.  

This way, each of the client routers has only one peer, which is the RR. Note that if we consider 

the schematic before with one of the routers being a RR, the number of peers would get 

reduced to 6, so we have passed from 12 to 6 peers total. The larger the network is, the bigger 

this difference gets. 

Figure 39: IBGP full mesh schematic 

Source: Own elaboration 
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In our case, the Route Reflectors will be the two routers that connect to the Internet, and the 

client routers will be the NAT routers and all ASR920. The next figure shows how a change in a 

routing table of a router will be announced to the others. 

2.3.3. Core network 

Once that we have seen the main protocols through which our network will internally and 

externally communicate using L3 devices, lets analyze how our L2 core network will behave. 

2.3.3.1. VSS 

As mentioned in 2.3.2.1, we will have two switches in the first core node of the network, 

Barcelona. If we look at Figure 37: Autonomous System schematic we can see that their 

connections are almost symmetrical (2 connections to the routers and two connections to 

Centelles).  

This symmetry represents the ideal scenario to implement what is called VSS (Virtual Switching 

System). VSS is a new technology that can be applied on some Cisco switches that enables two 

separate switches to operate as a single logical unit. So, logically, the network will see them as 

just one piece. 

Figure 40: Route Reflectors update signalling schematic 

Source: Own elaboration 

Figure 41: Virtual Switching System 

Source: Cisco.com 
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This technology was first developed for Cisco’s Catalyst 6500 switches, and is now available for 

Catalyst 4500. So, we can implement them in our network.  

When two switches are configured to implement a VSS, one of them is set to be the active 

device, and is the one that manages the L2 and L3 protocols running in both devices. This way, 

the secondary or standby switch, does not process any control traffic, and only takes care of 

the data traffic [6]. 

When a VSS wants to be implemented, there has to be a connection between both switches. 

This connection is called VSL (Virtual Switching Link) as shown in Figure 41, which is 

implemented configuring an ether-channel formed by eight or less physical links (the more 

physical links, the more redundancy and the more sturdiness). In our case, two physical links 

will be deployed.  

This said, some adverse situations can occur in the VSS. The most important one is called Dual-

Active. It is a scenario in which both switches are behaving as active, and none of them is in the 

needed standby mode.  

Imagine, for example, that for whatever reason the VSL stops working. In this situation the VSS 

standby chassis cannot determine the state of the VSS active chassis. To ensure that switchover 

occurs without delay, the VSS standby chassis assumes the VSS active chassis has failed and 

initiates switchover to take over the VSS active role. If the VSS active chassis is still operational, 

both chassis are now VSS active and the Dual-Active situation is met. 

So, we need to have a way to detect this kind of situation. There are three possibilities: 

- Enhanced PAgP (Port Aggregation Protocol) 

- IP BFD (Bidirectional Forwarding Detection) 

- Fast-Hello 

The first one uses a neighbor switch to carry out the communication between the two chassis. 

The second and third one use a direct link that connect both switches.  

Enhanced PAgP is the most robust and fast solution, but it needs one more switch, so it is 

discarded.  

Being Fast-Hello faster than IP BFD, Fast Hello has been selected for dual active detection. 

For this purpose, we decided to use ports 14 and 15 for the VSL and port 16 for the Fast-Hello 

as shown in the next figure: 

Figure 42: VSS physical implementation 

Source: Own elaboration 
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The equipment that will connect to the VSS will do it via a MEC (Multi-chassis EtherChannel), 

which is an EtherChannel with ports that terminate on both switches of the VSS. If we look at 

Figure 37Figure 37 we can see that we will have 3 MECs (one to a router, one to the other 

router, and another one to Centelles) plus the management one. 4 MECs total. In order to see 

the VSS as a unique logical entity, all the ports in the same MEC need to have the same logical 

identifier.  

This said, we need to define which ports will be used for the connections. 

- Port 1 of switch 1 will be connected to port 0 of router 1 

- Port 1 of switch 2 will be connected to port 1 of router 1 

- Port 2 of switch 1 will be connected to port 0 of router 2 

- Port 2 of switch 2 will be connected to port 1 of router 2 

- Port 3 of switch 1 will be connected to port 2 of Centelles’ switch 

- Port 3 of switch 1 will be connected to port 3 of Centelles’ switch 

- Port 4 of switch 1 will be connected to port 1 of Granollers’ switch 

So, ports 1 of both switches will have the same IP address. Ports 2 will have the same IP address. 

Ports 3 as well. The following image shows the physical implementation of the node: 

This said, Figure 37 logically turns into the following: 

 

Figure 44: VSS logical view schematic 

Source: Own elaboration 

Figure 43: Barcelona physical implementation 

Source: Own elaboration 
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2.3.3.2. Redundancy protocol  

Looking at Figure 44 we can see that redundancy takes place in the core network. That is, we 

can go from one node to another following two different paths. In this kind of scenario, loops 

can appear, so we need to manage them. 

The thing here is that in IP networks, there is a parameter called TTL (Time to live) that limits 

the number of nodes a packet can get through so that a packet cannot be infinitely in the 

network. However, this parameter is just supported by routers, and our core network is formed 

by L2 devices.  

This said, we need a mechanism that is able to manage this redundancy. When talking about 

redundancy at L2, there are basically two protocols that can come to our mind. 

The first one is STP (Spanning Tree Protocol). This is probably the one that is used the most 

when redundancy takes place. However, in ring topologies like ours, it gets overcome by other 

protocols. The main problem that STP presents is the high convergence time it has when a fail 

occurs. That is, the time it takes to the network components to know the new network topology. 

The time during which the network is not operative. 

In REP (Resilient Ethernet Protocol) this time is lower. Moreover, REP enables the network to 

balance the traffic based on VLANs. That is, depending on the VLAN the traffic belongs to, it will 

follow one path or another. This way, the resources usage is optimized. 

To implement this protocol we need two VLANs. In our case we decided to use VLANs 70 and 

71. Note that these two VLANs are just needed for configuration, which is not enough. If we 

want a certain VLAN to be blocked, we will need to add it in the configuration as well. 

 

All that has been said so far in the LLD is almost common for all the services, however, being 

the services different, they will have to be treated in a different way as we will see in the 

following chapter. 
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2.3.4. Service Networks 

When talking about VRF, we mentioned the fact that each service may need to have different 

routing mechanisms and policies. This chapter shows how the network will manage these 

services and how they will be offered. 

It needs to be said that the TV service that was first thought to be offered, has been discarded 

because the energy supply company’s directors were not sure if it was worth it or not. That is 

the reason why its design is not included. So, the only services considered are: Internet + NAT, 

Internet + fixed IP, VoIP and Bitstream. 

2.3.4.1. Internet + NAT 

The first service that is going to be introduced is the regular Internet access service that all of 

us have at home, which we named as Internet + NAT. 

As already said in 2.2.5, Network Address Translation is a mechanism used for remapping one 

IP address space into another by modifying network address information in the IP datagram 

packets while they are in transit across a traffic routing device.  

The need of using it appeared due to the fact that in order to access resources on the Internet, 

we need to be visible from the outside, and that is only reachable using public IP addresses. 

However, the number of IP addresses has a limit, which is much lower than the number of users 

that want to have access to the Internet. So, there needs to be a way that enables a public 

address to be shared by many users. 

That is exactly where the need of using NAT comes to play.  

The way it works is the following: 

Imagine that you want to check google.com. When you would type google.com in your web 

browser, a web page check petition would be created, with the destination IP field of the packet 

created matching the server’s IP address. Before getting out of the Autonomous System you 

belong to, this petition would get through a router with NAT functions. This router would 

substitute the source IP address of the packet by an available public address and initiate a 

session (a virtual port is assigned). Once the petition arrived to the destination, the server would 

create a response with the destination field matching the source address of the petition 

received (the public address assigned by the NAT process). This way, the packet would arrive 

the NAT router, which would look at the session (virtual port) initiated, and translate the 

destination address to the private address of the corresponding user. 

This said, this is basically how our Internet + NAT service will work. 

From what has been said, we can first identify two kind of IP addresses. The ones assigned 

internally to the end users, which are private, and the public ones used for the NAT functions. 

So, the first thing to do is define the public addresses that will be used for this purpose. To do 

so, one has to define the maximum number of users that could share the same public address.  
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For this design, lets consider a 1 to 30 ratio. That is, 30 users will possibly share the same public 

address. 

Looking at Table 6 we can see that for the towns included in this project, 4856 users could 

possibly contract our service in the long term. For the first stages, lets consider a 30% of that. 

1455 users. 

So, we need to reserve 49 public addresses. To make it clearer, we will take 64 addresses, which 

would technically result in a 1 to 23 ratio. That is, a /26 subnetwork that will be taken from the 

block that RIPE assigned us. 

This said, the addresses will be those between 185.107.104.0/26 and 185.107.104.63/26. Note 

that these two can’t be used since they are the network and broadcast addresses. 

Now, lets go step by step.  

The first thing we need is the routers of each town to know that any traffic corresponding to 

this kind of service will always be forwarded to the NAT router.  

The way we will make them know this is via BGP. That is, the NAT router will notify them, via 

the RRs, that “he” is the next hop of every packet they receive.  

At this point the reader could think that if the NAT router stopped working, the other routers 

would look for another path to the Internet and would start sending traffic to the Internet 

routers using private addresses (!!). For that not to happen, they will not have any default 

gateway, so their only possibility will be to send traffic to the NAT. So, if the NAT router stopped 

working, the whole service would be down, which is the main reason to add a redundant NAT 

router in the node. 

From what has been said, we can identify that we will need a VLAN for all these BGP 

notifications, through which the BGP data will go through, as well as the Internet + NAT traffic 

from any router to the NAT one. We selected VLAN 50 for this purpose. 

As always, we will need IP addresses for the devices in this VLAN. Network 172.18.1.0/24 is the 

one that will be used, from which consecutive addresses will be taken for each device, starting 

at 172.18.1.1 for the first router in Barcelona, .2 for the second, and so on. 

Something similar happens in the NAT router. All the traffic that has been “address translated” 

has to be sent to the routers that connect to the Internet, and not anywhere else. That means 

that once the traffic is translated, the only routers that the NAT will be able to “see”, will be the 

ones in the interconnection point.  

To implement this isolation, we need another VLAN only shared by these three devices. Note 

that, by default, the traffic will be sent to one of the service providers, and the other one will 

be only used when a problem with the first one occurs. This will be set while configuring the 

equipment, setting a higher local preference to the first provider. 
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In this case, VLAN 51 has been selected. The IPs chosen are the first three addresses in 

172.18.2.0/24. 

This said, the following image shows the logical schematic of what has been introduced so far 

for this service. 

Figure 46: Internet + NAT schematic 

Source: Own elaboration 

Figure 45: Local preference schematic 

Source: Own elaboration 
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All that has been said so far only concerns the network from the ASR90 in each town to the top, 

and no consideration of what it has below has been made. 

The first thing we need for what it has been explained is the ASR920 to identify if the traffic 

belongs to this kind of service or not.  

To do so, we need what was first introduced in 2.2.6 as Service VLAN. That is, a VLAN that will 

identify the Internet + NAT service. 

But wait. When introducing the catalogue, we said that there would be three different 

bandwidths, which are: 50Mbps, 150Mbps and 300Mbps. This could be ignored and treat all 

the traffic the same independently of the contracted bandwidth, but would you like to pay more 

than your neighbor and not get any profit? Your answer should be no. This said, the higher the 

contracted bandwidth is, the higher priority the traffic will get. So, we need to identify the 

contracted Internet access capacity. 

One could think of using a VLAN per bandwidth, so 3 VLANS would be needed, which is correct. 

However, the OLT will have access to a database in which the contracted bandwidth per ONT 

will be shown. This way, the OLT will deal with the priority mentioned, so one VLAN will be 

enough. 

The reality is that this VLAN will be fixed by the service provider as explained later. For this 

design, VLAN 200 will be used as the one corresponding to the Internet + NAT service. 

This VLAN will run from the ASR920 of each town, all the way down to the ONTs. 

Again, we need some IP addresses for this network. We will need one IP address for the router, 

and one address per user in each town. For this purpose and because of the flexibility it offers, 

we will use the 10.0.0.0 – 10.255.255.255 block. 

We will use the second octet to identify the town as shown in the next table: 

Point of Presence Network 

La Garriga 10.1.0.0/16 

Centelles 10.2.0.0/16 

Tona 10.3.0.0/16 

Balenyà 10.4.0.0/16 

Taradell 10.5.0.0/16 

Table 12: Internet + NAT addresses per town 

 

Note that this way, when a new town is added to the network, 10.6.0.0/16 will be used and so 

on, having the possibility to have up to 255 different towns. 
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For this design, we mentioned that only four services would be considered, so 4 bits are needed 

to identify the service (0 0, 0 1, 1 0, and 1 1). For the Internet + fixed IP this will not affect, since 

we will need public addresses as we will see later. 

If we look again at Table 6 we can see that the highest number of possible users per town will 

be 1820. So, 1810 addresses are going to be reserved for each of the towns. Note that for Tona, 

Balenyà, etc. this number is too high but, in order to make a homogeneous design we will set 

the same rules for them all. 

To have 1810 addresses we need 11 bits. 

This said, the first 11 bits starting from the right will identify the client itself, and the following 

2 bits will identify the service. 

Lets say, that when bits 12 and 13 are 0 0, it corresponds to the Internet + NAT service. That is: 

10.x.0.0 – 10.x.7.255 will be used for this service. Note that the network that includes them all 

is 10.x.0.0/21 

The first possible address will be the one used by router: 10.x.0.1. For the clients, consecutive 

addresses will be taken. 

Note that we are saying that one IP address will be assigned to each user (ONT). However, we 

all have more than one computer that we want to connect to the Internet at home. That is not 

a problem since the NAT function introduced before is also implemented by the ONT. That is, 

all the Internet access packets that arrive the ONT will be address translated, for example, to 

10.1.0.78, for user 77 of La Garriga. 

In terms of VLAN tags, when any of the routers in La Garriga, Tona, etc. receives a packet from 

VLAN 200, it will add the VLAN tag 50 (QinQ), and send it to the NAT router, which will translate 

the address, change the outer tag by 51 and send it to the corresponding router that connects 

to the Internet. This last router will delete the last tag, so that the only tag left will be the one 

that identifies the service, 200 in this case. Because of the fact that from this point on, the traffic 

gets out of our network, the packets will have to contain the VLAN tag that the service provider 

fixed for the traffic of this kind, and this is the reason why we need this VLAN to be fixed by 

“him”. Since we don’t know what VLAN they use yet, 200 has been chosen. 

Considering all this, the following schematic shows how all the IP networks for this service will 

look like: 
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Figure 47: Internet + NAT full network schematic 

Source: Own elaboration 

We talked about VRFs but we have not applied them yet. Now we are going to do so. 

As it will be seen later, all the routers that have been introduced so far will deal with traffic from 

different kind that will need to be treated independently as we have seen for the Internet + 

NAT service. 

So, for all these routers through which Internet + NAT traffic will go through, there will be a VRF 

called INET_NAT that will be only accessible by this kind of traffic. That is, when the traffic 

arrives, for example, to an ASR920, it will check if it corresponds to the Internet + NAT service 

and, if it does, it will directly go to the INET_NAT VRF’s routing table, where it will see that the 

traffic needs to be sent to the NAT router implementing QinQ using VLAN 50. 
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2.3.4.2. Internet + fixed IP 

In contrast with the Internet service introduced right before, this service consists in assigning a 

public IP address directly to the end user. This kind of service will be contracted mainly by those 

companies that have servers or whatever that they want others to have access to it. 

Note that in this case, there will be a limitation in terms of available public IP addresses, which 

will be mainly prioritized to be used by the other services. 

The first thing to stand out is the fact that in this case, no NAT function needs to be done, since 

the user will always be visible from the outside. 

So, in this case, the previous stage in which all the traffic is first sent to the NAT router is useless. 

This way, we need the routers in each town to send all the traffic belonging to this service 

directly to one of the routers introduced in 2.3.2.1 that connects our network to the Internet 

(the one with the highest local preference). 

This said, we will need a VLAN shared by the two Internet routers and all ASR920. This is the 

VLAN through which, via BGP, the ASR920 will be notified to always send the traffic to one of 

the routers. 

To do so, VLAN 53 has been selected. The IP’s for all the routers in this VLAN will be in 

172.18.3.0/24 as shown in the next figure: 

Figure 48: Internet + fixed IP schematic 

Source: Own elaboration 

Again, we need the corresponding ASR920 to identify if the traffic belongs to this service or not. 

We need a service VLAN. 

VLAN 210 has been chosen in this case. 
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The IP’s in this VLAN will be those assigned to the end users and the one assigned to each of 

the ASR920 routers. In this case, we need to reserve some of the public addresses assigned to 

us. 

Lets say that for this service we want to reserve 64 addresses per town, which is a /26 per PoP. 

Note that the first 64 are used by the Internet + NAT service, so that will be the starting point 

as shown in the next table. 

Point of Presence IP block 

La Garriga 185.107.104.64 – 185.107.104.127 

Centelles 185.107.104.128 – 185.107.104.191 

Tona 185.107.104.192 – 185-107-104.255 

Balenyà 185.107.105.0 – 185.107.105.63 

Taradell 185.107.105.64 – 185.107.105.127 

Table 13: Internet + fixed IP addresses per town 

From these addresses, the first one will be always assigned to the router.  

This said, the following schematic shows how the whole network looks like: 
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In this case, all the routers in the image would have a VRF called INET_IP that would contain the 

information that would tell them to route all the traffic coming from the OLT to one of the 

routers to the Internet. 

2.3.4.3. VoIP 

For the Telephony over IP service, we introduced how it works when talking about the 

SoftSwitch.  

The main aspect to be considered is the fact that before exiting our network, all the traffic will 

have to first go to the SoftSwitch. At this point there can be two different scenarios.  

The first one would be the case in which once the traffic arrives at the SoftSwitch, it is forwarded 

to the Internet routers in Barcelona. This way, its implementation would be pretty similar to 

the Internet + NAT service. 

The other one, which will be probably the one implemented in the real project, is the one that 

presents a direct connection between the SoftSwitch and the service provider’s telephony 

network. 

In this project we are going to show the first scenario introduced, which can be said to include 

the second one. 

Figure 49: Internet + fixed IP full network schematic 

Source: Own elaboration 
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This said, what we first need is the ASR920 of each town to send all the traffic corresponding to 

the VoIP service to the SoftSwitch. 

To do so, the solution is the same as for the Internet + NAT service substituting the NAT router 

by the SoftSwitch. So, we need a VLAN to do so.  53 is the one selected for this purpose. The 

IP’s selected for this VLAN will be 172.18.4.0/24, taking consecutive addresses for the 

equipment. 

Again, we will use route reflector to notify all the routers to send the traffic directly to the 

SoftSwitch. 

Once the traffic arrives to the SoftSwitch, it has to forward it to one of the two routers to the 

Internet. To ensure this, we can isolate it using a new VLAN. But this is not all. In order to create 

the connections with other people outside the network, our SoftSwitch will have to be visible 

from the outside. That means that it need to have a public IP address associated. This said, the 

last VLAN introduced will contain public addresses. 3 public IPs in this case.  

For this purpose, VLAN 54 has been selected, and the last three possible IPs that RIPE assigned 

will be the ones assigned to the SoftSwitch and routers as shown in the next figure: 

 

Figure 50: VoIP schematic 

Source: Own elaboration 
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From the ASR920 below, we will need another VLAN that will be used to identify the service 

itself. For this design, VLAN 220 has been chosen. 

We need some IP’s to be assigned to the routers of each town and to the end users. Lets say 

that for this IPs, we will chose those which’s bits 12 and 13 match 0 1, So, all the addresses 

between 10.x.8.0 and 10.x.15.255 will be used for this service in each town. Again, the first 

available address will be assigned to the ASR920 routers. 

The following image shows how the whole VoIP logical network would look like: 

 

Figure 51: VoIP full network schematic 

Source: Own elaboration 
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2.3.4.4. Bitstream 

As mentioned in 2.2.1.2, this service offers the possibility to other operators to use our network 

to offer FTTH services to the end user. 

The main aspect to be considered in this case is that, at some point, the traffic from a user that 

contracted this service, will have to be delivered to the corresponding operator. We set this 

delivery to be done at Centelles. That is, all the traffic from this kind of client will have to be 

routed to Centelles’ router, and from there it will be forwarded to the other operator’s network. 

This said, each operator may want the traffic to be delivered in a certain way. For example, Ono 

may want this traffic to have only a VLAN that identifies the service. Or maybe Telefónica wants 

the traffic to be double tagged. Since this kind of service will not be offered until 2020 

approximately, and it directly depends on the other operator, no real scenario can be presented. 

However, here is a possible solution in the case that the contracting operator only wanted a 

Service VLAN. 

Note that in this case we don’t want to identify whether it is Internet traffic, VoIP or whatever. 

We only want to identify that the user is not our client. However, the other operator wants to 

know the service the traffic belong to. 

So 2 VLANs come to play. The first one would identify the traffic, and the second one the 

operator. What we can do is set the corresponding ONT to double tag the frames. Note that 

the service VLAN would be fixed by the other operator as it was by the service provider in 2.3.4.1. 

For instance, lets say that VLAN 400 identifies Telefónica, and VLAN 410 identifies the Internet 

service. 

Imagine that a client that contracted the Bitstream service to Telefónica wants to check 

atenea.upc.edu. The packet that will be created will get outside the ONT with two tags, from 

which only one will be visible for our network, 400 in this case. Once the packet arrives the 

corresponding ASR920, it will be instantly forwarded to Centelles’ router, which will forward it 

to Telefónica’s network through a router that will be connected to ours.  

Note that NAT functions need to be done before exiting our network. This could be 

implemented at Centelles using some of Telefónica’s public IPs. Another possibility would be 

translating the addresses to the private addresses that Telefónica reserved for this kind of 

service, and the translation to public addresses would be done by them. This way, the traffic 

getting out of our network would be able to come back to the correct user. But, again, it will 

depend on the other operator. 

We will consider that for this service, the IPs in VLAN 400 are those which’s bits 12 and 13 match 

1 0. So all those IPs between 10.x.16.0 and 10.x.23.255 will be reserved for this service. The 

network that includes them all is 10.x.16.0/21. 

We need another VLAN shared by all the ASR920 and the ASR1001 in Centelles. For example, 

VLAN 300. The IPs of these devices could be taken from 172.18.10.0/24. 
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The following schematic shows how the scenario considered would look like: 

Note that, although they don’t have an important role in this service, the routers in Barcelona 

appear again, since they are the Route Reflectors. 

Let me insist in the fact that this is only an example that will probably not match the reality. It 

won’t be known until the day an operator wants to contract this service. 

Again, once this service appears, each of this routers will have a VRF called BITSTREAM in which 

the routing information for this service will be placed. 

  

Figure 52: Bitstream full network schematic 

Source: Own elaboration 
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2.3.5. Management network 

As it has been already said during the HLD, the management network can be seen as 

independent from the services network, although some physical resources may be shared.  

Lets first take a look at how the management network schematic would be: 

 

Figure 53: Management schematic 

Source: Own elaboration 

2.3.5.1. Management Routing 

The first thing to be considered to understand how this network will work is the fact that the 

equipment in the core network, the Catalyst 4500, has routing features that will be exploded in 

the management network.  

That is, for the management traffic, they will behave as if they were routers. They will have the 

ability to decide where to send the packets depending on their destination address. 

Apart from them, the ASR920 placed in the towns to which our services will be offered will also 

implement routing features for the management traffic. 

Looking at Figure 53 we can see that there is a cloud in the node of Granollers that represents 

where the management systems will be placed. To protect them, a firewall separates them 

from the rest of the network. This firewall has routing capabilities that will be exploded in this 

case as well. 

So, the routing scheme of the management network would be the following: 
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Figure 54: Management routing schematic 

Source: Own elaboration 

Like in any other network where routing is involved, a protocol that enables them to 

communicate with each other to notify the required information must be defined and 

configured. 

There are a lot of them, but in our case we decided to implement OSPF (Open Shortest Path 

First), which is a routing protocol that uses a link state routing algorithm that operates within a 

single AS.  

It gathers link state information from available routers and constructs a topology map of the 

network, which is presented as a routing table. 

OSPF also detects changes in the topology, such as link failures, and converges on a new loop-

free routing structure within seconds. For each of the routes, it computes the shortest path 

free using a variant of Dijkstra’s algorithm, which is a shortest path first algorithm. 

The main difference between and OSPF and RIP (Routing Information Protocol), for example, is 

that the second one only keeps track of the closest router for each destination address, while 

OSPF keeps track of a complete topological database of all connections in the network. 

An OSPF network may be subdivided into routing areas to simplify administration and optimize 

traffic and resource utilization but, being our network small, there will only be one area, 

generally called Area 0. 
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Figure 55: OSPF Area schematic 

Source: Own elaboration 

2.3.5.2. Management Switching 

As said earlier in the project, in order not to waste core ports, a management switch will be 

introduced in every node of the network, to which all the equipment from the corresponding 

PoP (Point of Presence) will be connected as shown in the next figure:  

This said, we can now define the logical aspects of the network. 

2.3.5.3. IP’s assignment 

The first thing to be considered before assigning the IP addresses in a network is whether to 

use public or private addresses. Being the management network an internal network, there is 

no outer visibility needed. So, private addresses are going to be used. 

We can clearly identify three kind of networks within the Management one. The first one is 

formed by all those point to point networks that connect every node in the OSPF area.  

Figure 56: Granollers' switching schematic 

Source: Own elaboration 
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The second one is formed by all the equipment connected to the management switch in each 

node. 

And the last one is formed by all those management systems below the firewall. 

So, for the point to point links, we need two IP addresses. This can be done by a /30 subnetting 

that includes 4 possible IP addresses, from which 2 can be used.  

This subnetting will be done on a /24 network that will enable the network administrators to 

identify if the address corresponds to a core link or not.  

In our case this network will be 172.17.0.0 /24. So, any IP address which’s first three octets are 

172.17.0 will correspond to the core of the management network. 

This said, the IP’s used for this purpose are shown in the following table: 

Equipment Link Address Network 

BCN-S01 GRA-S01 172.17.0.1/30 172.17.0.0 

BCN-S01 CEN-S01 172.17.0.25/30 172.17.0.24 

BCN-S02 CEN-S01 172.17.0.25/30 172.17.0.24 

GRA-S01 BCN-S01 172.17.0.2/30 172.17.0.0 

GRA-S01 AMT-S01 172.17.0.5/30 172.17.0.4 

AMT-S01 GRA-S01 172.17.0.6/30 172.17.0.4 

AMT-S01 CEN-S01 172.17.0.9/30 172.17.0.8 

AMT-S01 LGA-S01 172.17.0.29/30 172.17.0.28 

LGA-S01 AMT-S01 172.17.0.30/30 172.17.0.28 

CEN-S01 AMT-S01 172.17.0.10/30 172.17.0.8 

CEN-S01 BCN-S01 172.17.0.26/30 172.17.0.24 

CEN-S01 BCN-S02 172.17.0.26/30 172.17.0.24 

CEN-S01 TON-S01 172.17.0.13/30 172.17.0.12 

CEN-S01 BAL-S01 172.17.0.17/30 172.17.0.16 

CEN-S01 TAR-S01 172.17.0.21/30 172.17.0.20 

TON-S01 CEN-S01 172.17.0.14/30 172.17.0.12 
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BAL-S01 CEN-S01 172.17.0.18/30 172.17.0.16 

TAR-S01 CEN-S01 172.17.0.22/30 172.17.0.20 

Table 14: OSPF P2P 

Note that BCN-S02 and BCN-S01 have the same IP addresses for the link that connects with 

CEN-S01, because of the VSS implementation (XXX-S01 stands for Switch 1 of node XXX). 

For the second network mentioned, being all the equipment connected to the switch in the 

same network, we are going to use a /24 network for each node.  

This said, all these networks will belong to 172.16.0.0 /16, from which /24 networks will be 

taken. Each of these /24 will correspond to a PoP or node as follows: 

Point of Presence Network 

Barcelona 172.16.1.0/24 

Granollers 172.16.2.0/24 

L’Ametlla del Vallès 172.16.3.0/24 

La Garriga 172.16.4.0/24 

Centelles 172.16.5.0/24 

Tona 172.16.6.0/24 

Balenyà 172.16.7.0/24 

Taradell 172.16.8.0/24 

Table 15: Management network per node 

From each of these networks, consecutive IP addresses will be used for each device in the node, 

including the management switch as well. 

As an example, the addresses for the devices in Barcelona for the management network would 

be:  

Equipment Address Network 

BCN-S01 172.16.1.1/24 172.16.1.0 

BCN-S02 172.16.1.1/24 172.16.1.0 

BCN-M01 172.16.1.2/24 172.16.1.0 
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BCN-R01 172.16.1.3/24 172.16.1.0 

BCN-R02 172.16.1.4/24 172.16.1.0 

Table 16: Barcelona’s Management network IP’s 

The next figure shows how it will be physically implemented (in Barcelona): 

Figure 57: Barcelona physical Management schematic 

Source: Own elaboration 

Note that for the other PoPs, the pattern would be the same, only changing the third octet 
depending on the node. 

The third network will only be seen by the firewall. For this purpose, we will use 
192.168.120.0/24, taking consecutive IPs for each management system. 

2.3.5.4. VLANs assignment 

Apart from the network isolation via IP’s, we also need to implement it at L2. That is, VLANs. 

As for the IP network, we can identify three kind of VLANs. The first ones correspond to the 

point to point core links, the second ones to each node and the third one to the management 

systems.  

If we want point to point VLANs, we need them to be born at a switch port, and to die at the 

next switch port, so they only appear in that point to point link. At each switch, we will have as 

many point to point VLANs as core ports. The following schematic will enable the reader to 

better understand it. 
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Note that a VLAN that appears in a core link can appear again in another one as long as it is not 

repeated in the same switch. 

Note that the firewall is not included since the link that connects it to the core switch is not a 

point to point as can be seen in Figure 56. 

The second VLAN is the one that will appear in every node’s management network, the one 

formed by the management switch and the devices connected to it. For this purpose, VLAN 100 

has been selected. 

And the last one is the VLAN that will only be shared by the firewall and the management 

systems. VLAN 120 has been chosen. 

  

Figure 58: OSPF P2P schematic 

Source: Own elaboration 
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2.3.5.5. Logical Management schematic 

This said, this is how the logical schematic of the management network would look like: 

 

Figure 59: Management network schematic 

Source: Own elaboration 
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2.4. Tests Design 

Although it was at first thought to develop a tests design that could be used when testing the 

network, due to the accumulated delays it has been impossible to do it. 

However, here is a brief explanation of how the tests will be carried out and how the first 

equipment deployment will be done. 

The first test will be used to validate the design and to prove that the initial specifications of 

the network are achieved. 

To do it, the only equipment involved in the tests will be the one from the nodes of Barcelona, 

Granollers, L’ametlla, Centelles and La Garriga. 

The idea is to mount it all in the same geographical location, which will be probably Granollers. 

The only equipment that will be in another location will be the one corresponding to Barcelona, 

which will be in Telvent.  

Telvent is a CPD in which a lot a racks are available for other operators. This is the point where 

the connections with the service providers and XOC will be done. 

This said, in Granollers a lot of simulations will be done.  

For the Internet services, all possible bandwidths will be tested, both for the NAT and fixed IP 

service. The 1000Mbps business service will be tested as well. 

For VoIP, different phone calls will be done, from local to international calls. 
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3. Business Plan 

Now that the network design is done, it is time to see the reasons that can drive an energy 

supply company to create a new FTTH operator. 

In this chapter a “semi-real” telecommunication operator Business Plan will be explained. It is 

not absolutely real because there are some overall considerations that have been made that 

will not happen in the reality. 

The most important one is that for the following Business Plan we have considered that all the 

services are going to be offered to all the towns already introduced (La Garriga, Centelles, Tona, 

Balenyà and Taradell) from the beginning. This consideration has been made because it is not 

yet known when each of the deployments will be finished. The overall changes would be that 

the number of clients reached each year would differ, and also its direct impacts on the incomes 

and costs.  

Remember that the long term objective of this operator is to be able to offer its services to 22 

different towns, but being this design made for the five towns mentioned above, these are the 

only ones included in this business plan. 

Being a telecommunications operator a long term business, the following plan has been 

developed for twenty years from now, that is 2015 - 2035. 

For the first year no costumers acquisition is made, and neither for the first half of the second 

year, because it is estimated that until half 2016 the operator will not be operative. For the 

wholesale services, it has been considered that these will not be contracted by any operator 

until 2020, when our operator will be already settled. 

It also has to be said that for this project we have applied for an aid program that offers help 

for those telecommunication operators that develop projects in the context of a program called 

PEBA (Programa de Extensión de la Banda Ancha de nueva generación), which’s aim is to extend 

the high bandwidth networks all over the map. This way, if our appliance is accepted, we will 

get a loan at a 0% interest, and a grant of 15%. 

Although all these considerations may improve the final results obtained, this Business Plan 

shows a really accurate approximation of how a real telecommunications operator business 

looks like in terms of the amount of money needed to create it and the time it takes to get some 

profit from it. 

This said, you can see the detailed Business Plan in the annex Excel document. In this chapter, 

the most important things to understand it will be explained. It has been divided in eight parts, 

which are:  

- External factors 

- Demand and Revenue 

- Direct Costs 

- Indirect Costs 
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- Investment and Amortizations 

- Profit and Losses 

- Business Value 

- Conclusions 

It is obvious that a Business Plan includes some parts that this one does not, but in order to 

define a telecommunications operator business, this one is enough in what concerns us.  



 

 92 

3.1. External factors 

Before getting deeper in the Business Plan itself, there are some external factors that affect 

every real operator before being created and once it is created that need to be explained. 

- The Public Administration has defined a set of taxes that both individuals and 

companies have to pay in order to finance some of their actions and projects. The ones 

that affect a telecommunications operator are the following: 

Concept Value 

CMT Taxes (% of incomes) 0,125% 

Corporate Income Tax (% of benefits) 30% 

Value-added Tax (VAT) 21% 

Table 17: External factors 1 

- Financial entities apply some interests on all their loans in order to get some profit from 

them. But, as said before, if our appliance is accepted, the interest applied on us will 

be null: 

Concept Value 

Interest on bank loans 0% 

Table 18: External factors 2 

- Investors always set a minimum expected return in order to provide capital to a 

company, this way, they set a benchmark that a new project has to meet. They use the 

term WACC (Weighted Average Cost of Capital) to calculate how beneficial the business 

is going to be for them. 

CNMC set a WACC of 5,78% for Telefónica, which we used as a starting point. Being our 

business much more risky than Telefónica, which is a very well settled operator, a 

higher WACC has been set in our case. 

Concept Value 

WACC 6,5% 

Table 19: External factors 3  
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3.2. Demand and Revenue 

As it is one of the most important thing for any business to be successful, in this chapter it is 

going to be explained how the operator is going to compensate the overall project costs in 

terms of clients and the incomes they will mean at the end of the day. 

3.2.1. Clients 

No business would exist without them and we are not an exception. In our case, the clients will 

be the people from any of the towns introduced that will potentially contract our services, 

whether they are particulars or companies, including other operators. 

In the particulars side, being the telecommunications market not homogeneous, some 

assumptions have been made. The reality is that in Spain, Telefónica owns a big amount of the 

market share and the reliability of their services will mean that their users will hardly switch 

between operators. CMT (Comisión del Mercado de las Telecomunicaciones) said that 

Telefónica owns the 62% of the market share and that only 38% corresponds to alternative 

operators. That means that we will only fight for that 38%.  

But not only this, it is estimated that for the towns that we are including in the Business Plan, 

56,4% of the first dwellings have internet, which results in 8.860 first dwellings in our case. 

There is a constant growth in this number, but a maximum of 90% of them has been set (14.138). 

The reality is that nowadays FTTH is not the predominant technology in the Internet market, 

and xDSL is still at the top, but FTTH will slowly catch up with it. In our case, we considered that 

the maximum market share reachable respect to xDSL will be 75%. 

From that, the following results are obtained: 

Now that we have the xDSL market share for the alternative operators and an estimation of our 

market share respect to these alternative xDSL operators and an approximate number of 

household with Internet, with a direct multiplication we obtain the number of clients for the 

particulars side. On the Bitstream side, we considered that the number of clients would be 

approxmately equal to 21% of particulars. 

But as said when talking about the services catalogue, there are different service packs. In this 

Business Plan and in the particulars side, we considered that 50% of the clients would contract 

a service that includes 50Mbps, 35% for the 150Mbps case and 15% for the 300Mbps offers. In 

Figure 60: Market share 

Source: Own elaboration 
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the Bitstream side, 60% would correspond to 50Mb service and 40% to 100Mbps. This said and 

considering that the Bitstream services start to be contracted in 2020, the following numbers 

are obtained: 

Note that we are not including all the possible packets in the business plan because having the 

catalogue a lot of them, it gets hard to estimate the percentage of people that will contract 

each.  

3.2.2. Incomes 

All these clients introduced right before will mean different kind of incomes for our operator. 

These are basically three and can be divided in two groups: 

- Recurrent incomes: Periodical payment to be made by users for the contracted services  

- One-Off incomes: These are those that only have to be paid once. In this case there are 

two different scenarios: 

1. subscription share 

2. Service modification or unregistering 

The recurrent incomes directly depend on the amount of users that the operator has 

throughout the payment period. This amount varies constantly, and that is why for the 

recurrent incomes computation, the AoP (Average of Period) number of clients has been used, 

which is the mean number of users between the year under study and the year before. There 

are also recurrent incomes corresponding to Coubication and Interconnection wholesale 

services for which only one client has been taken into account. Note that these last two services 

start at 2020 as said in the beginning. 

To compute these incomes we need to define the amount that these clients will have to pay 

monthly for each service. The following rates have been defined: 

Figure 61: Number of clients 

Source: Own elaboration 
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Service Price (excl. VAT) 

50 Mb 28,00€ 

150Mb 43,00€ 

300Mb 50,00€ 

Bitstream 50Mb 20,00€ 

Bitstream 100Mb 22,00€ 

Coubication  175,00€ 

Interconnection 175,00€ 

Table 20: Monthly price per service 

This said, the resulting recurrent incomes are the following: 

On the other side, as it is set by all telecommunications operators, the one-off incomes only 

come from the wholesale services’ clients, in order to compensate the costs that these services 

mean for the operator. In the particulars case, these costs are assumed by the operator itself 

and will be computed as direct costs later. 

As mentioned before, these incomes can correspond to new users, modifications on the packs 

contracted or to unregistering.  

To compute these numbers we need to know the net number of new clients and the percentage 

of modifications and unregistered users. 

For the first one, they are calculated deducting to the current year users the last years’ and 

adding the number of unregistered users. To estimate the number of unregistered users, a 

churn of 3% is assumed, and for the modifications, a 2% of the users are considered to change 

their service pack. 

Figure 62: Recurrent incomes 

Source: Own elaboration 
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Using the number of users estimated in Figure 61, the churn and the modifications percentage, 

we can calculate the net number of new users per year: 

Figure 63: Net number of new users per year 

Source: Own elaboration 

To compute its associated incomes, we need to define how much does each of the three cases 

cost: 

New client Price (excl. VAT) 

Bitstream (50 Mb and 100Mb) 210,00€ 

Coubication 600,00€ 

Interconnection 500,00€ 

Unregistering  

Bitstream (50Mb and 100Mb) 25,00€ 

Modification  

Bitstream (50Mb and 100Mb) 75,00€ 

Table 21: One-Off prices 

This said, the One-Off incomes calculated with a direct multiplication are: 
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This said, the total incomes per year would be: 

 

Figure 64: One-Off incomes 

Source: Own elaboration 

Figure 65: Total incomes per year 

Source: Own elaboration 
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Note that the One-Off incomes are almost insignificant in front of the recurrent ones as we can 

see in the next figure: 

  

Figure 66: One-Off vs Recurrent incomes 

Source: Own elaboration 
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3.3. Direct costs 

As in any other business, there are some costs that our operator will have to deal with in order 

to offer its services and products. These costs can be direct or indirect depending on its 

naturalness. 

In the case of directs costs, these are the ones that can be directly related to a specific product 

or service, always knowing how much they contribute to the final costs. It will have to be 

compensated by the price set to be paid by the customers.  

In the case of a telecommunications operator, specifically a FTTH operator, direct costs are: 

- The cost that the operator assumes for each new client 

- Telephony cost 

To calculate the final direct costs related to new clients, we used the net number of new clients 

calculated in Figure 63 and the following related costs: 

New client Cost (excl. VAT) 

Residential 200,00€ 

Bitstream 210,00€ 

Table 22: New client’s cost 

Using these values and a direct multiplication, it results in the following: 

 

Note that the direct costs related to the Bitstream services will be compensated by the incomes 

mentioned before, but they still are costs that the operator will have to face. 

To calculate the costs associated to Telephony, the number of residential users calculated in 

Figure 61Figure 61 and the amount that the operator has to pay in order to be able to offer 

this service have been taken into account.  

Figure 67: New clients total costs per year 

Source: Own elaboration 
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The first thing to know is the averge consumption of this kind of services by users. As CMT said 

in their annual report, these values are: 

Montlhy Telephony consumption 234 min 

Fixed landline calls (83,09%) 195 min 

Fixed to mobile (3,58%) 8 min 

International landline calls (8,62%) 20 min 

Inteligent networks landline calls (4,72%) 11 min 

Table 23: Average Telephony consumption 

Our service provider set a price of 0,0048€/minute for the fixed landline calls and 

0,0145€/minute for the fixed to mobile calls, which results in 1,0547€/month/user (these two 

are the ones included in the telephony service). 

This said, the direct costs associated to the Telephony services are: 

3.3.1. Total Direct Costs 

Now lets see how each of the direct costs contribute to the total. 

The accumulated direct costs over the first twenty years are 2.272.024€, from which: 

- New client (64%) 

- Telephony cost (36%) 

Figure 68: Telephony direct costs 

Source: Own elaboration 

Figure 69: Direct costs comparison 

Source: Own elaboration 
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3.4. Indirect costs 

Indirect costs are those that are not directly attributable to the service and product provision, 

but are necessary to be able to offer them. 

These can’t be directly traced because we don’t know how they influence on the final product 

or services’ cost. 

This said, for a telecommunications operator, specifically for a FTTH operator, these indirect 

costs are the following ones: 

- Organization: Necessary to develop the everyday company’s activities and the 

associated costs, which include: 

 Personnel costs and Social Security 

 Issuing bills 

 Locals rental 

 Office material 

 Personal costs 

 Consulting: Note that there is a big difference in the first year due to the 

consultancy work we (NAE S.L) are doing 

 Tax consultancy 

- Insurances and taxes: The business has to be sure that in front of any possible problem, 

it will be able to legally respond and to be covered just in case a catastrophe happens: 

 Insurance: 0,1% of the total net investments 

 Insolvencies: 0,25% of the total incomes corresponding to the costs that the 

operator will have to face due to the clients that haven’t paid 

Figure 70: Organization costs 

Source: Own elaboration 
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 Taxes: 1,5% corresponding to the Public Domain and 0,125% that imposes the 

CMT, of the total incomes 

- Marketing and Promotion: Publicity campaigns, merchandising design and distribution, 

etc. 

 Marketing and Communication: 6.000€ for the first year the operator is on and 

2.000€ for the others, for each town. Note that for the first one there are no 

costs because the operator will not be settled yet, so there will be nothing to 

promote yet.  

 

- Network operation: These include all those costs related to the network maintenance. 

 

- Fibres rental: These correspond to the infrastructure rental. There are basically two: 

 MARCo: Telefónica’s infrastructure rental. Its monthly price is 6.533,75€. 

 XOC Transport: The two links rented to Xarxa Oberta de Catalunya (Barcelona 

– Granollers, Barcelona-Centelles). Its associated cost is 2.000€/month. 

 

 

Figure 71: Insurances and taxes costs 

Source: Own elaboration 

Figure 72: Communication and Marketing costs 

Source: Own elaboration 

Figure 73: Network operation costs 

Source: Own elaboration 
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- Access to Internet: Its associated cost is 1.540€ per month. 

3.4.1. Total Indirect Costs 

As for the Direct Costs, it is good to see which of all the direct costs mentioned before affects 

the most to the total. 

The Total accumulated Indirect Costs for the first twenty years is 9.250.906€, from which the 

following percentages correspond to each of the indirect costs sources already explained: 

- Organization (55%) 

- Insurances and taxes (11%) 

- Marketing and promotion (2%) 

- Network operation (11%) 

- Fibres rental (17%) 

- Access to Internet (4%) 

 

 

 

 

 

 

 

 

 

Figure 74: Fibres rental costs 

Source: Own elaboration 

Figure 75: Access to Internet costs 

Source: Own elaboration 

Figure 76: Indirect costs comparison 

Source: Own elaboration 
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3.5. Investment and Amortizations 

The acquisition of materials is a must in any product or service business. In our case, the overall 

investment that will be needed to create the operator can be seen in the first page of the annex 

Excel document, Budget. 

The total investment needed for civil works, Infrastructure and equipment add up to 

4.248.800€, but considering the 15% grant of PEBA program, the operator investment gets 

reduced to 3.611.480€, receiving a loan at a 0% interest that has to be returned in 15 years 

starting at 3 years from now. 

But all this equipment and infrastructure loses market value as time goes by, to a point at which 

if we wanted to sell it, its value would be null. This is what in economics and accounting is called 

Amortization. This way, the company can have objective trace of its material goods price. 

In our case, I have considered a linear amortization, which means that the loss of value is 

constant throughout the lifetime period of the material amortized. In the case of the civil works 

and passive infrastructure, a lifetime of 20 years has been set. For the equipment, 7 years of 

utility have been considered. 

Having defined these values, the amortizations considered in this Business Plan are the ones 

shown in the next figure. 

  

Figure 77: Amortizations 

Source: Own elaboration 
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3.6. Profit and Losses 

At this point, at which all has been already defined, it is time to see if this business is going to 

be profitable or not, and whether it is a good idea to invest on it or not. 

First of all lets analyse what in accounting is called EBITDA (Earnings Before Interests, Taxes, 

Depreciation and Amortization). This value is calculated each year using the net exploitation 

results without deducting the interests, taxes, depreciation and periodical material value loss. 

This way, one can have a clear idea of how the business behaves ignoring the external factors 

that affect it. 

To obtain this value, we have to add all the benefits produced in a period and deduct the 

exploitation costs without considering taxes. This said, let’s see how it evolves: 

 

Looking at the graphic the following things can be clearly seen: 

- The first three years, the operator will have a negative EBITDA, which happens because 

the number of clients is not enough to cover the overall exploitation costs. 

- From the fourth year on, the EBITDA starts to be positive, that is, the incomes that the 

operator gets from the clients overcome the exploitation costs. 

The main conclusion is that the operator will be an operatively sustainable business and needs 

at least 4 years to get a positive exploitation result.  

Although it is a good way to see how the business evolves, it does not really show if it is 

profitable or not overall. Note that it does not take into consideration the investment that has 

to be done, for example. 

That is why the net cash flow has to be calculated. The next graphic shows the net accumulated 

cash flow, which really shows the business behavior, now taking into account the investment 

and all the taxes. However, to make it more realistic, we need to consider that money loses 

value over the years, and that is what the discounted net cash flow shows. 

Figure 78: EBITDA 

Source: Own elaboration 
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From the figure above the next conclusions can be reached: 

- The operator will not reach real benefits until the 10th year of being operative 

- Although it shows that the 20th year the cash flow is above ten million euros, its real 

value would be just slightly above two millions 

This way, in a twenty years period, the benefit of the project would be 2.386.638,94€, which is 

really seducing.  

Figure 79: Cash flow 

Source: Own elaboration 
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3.7. Business Value 

Once the Business Plan is over, the investor would have to decide whether to put money on it 

or not. To be able to give an answer to this question the following things have to be taken into 

account: 

- Peak funding: It shows the amount of money that the business will need to become 

real 

- NPV (Net present value): It is the value of benefits produced by the project considering 

the depreciation of money over the years. That is, the nowadays project value 

- IRR (Intern Rate of Return): It is the rate of return that makes the NPV equal to zero. It 

is used to decide whether to invest on a project or not. 

The next table shows the decisions to be made depending on these values: 

Condition Decision Reason 

NPV > 0 Accept The project creates value 

NPV = 0 Accept Expected value reached 

NPV = 0 Reject The project destroys value 

IRR > WACC Accept The project creates value 

IRR = WACC Accept Expected value reached 

IRR < WACC Reject The project destroys value 

Table 24: Decision table 

In our case, the values to be considered are the following: 

Concept Value 

Peak funding 4.487.619,61€ 

Investor capital 1.795.047,84€ 

Financed capital 2.692.571,76€ 

NPV 2.386.638,94€ 

IRR 11,67% 

WACC 6,5% 

Table 25: Business values 
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3.8. Conclusions  

To conclude with this chapter I would like to slightly summarize the things to note about the 

Business Plan that has been developed: 

- The biggest limitation for an operator in Spain is called Telefónica. It is a lost war trying 

to compete with them, so the only alternative is to fight for the rest of the market share 

- Some considerations that have been made in the beginning may not match the reality. 

The first one is the fact that the maybe our appliance for a grant of the 15% of the 

budget is not accepted, and neither are the loans at 0%. 

- The second one is the fact that the scenario considered is probably too optimist, being 

the real incomes much lower and the costs a little higher. However, being the energy 

supply company that wants to create this operator so famous in the zone of interest, a 

really nice impact on the potential user is thought to be made. 

- The overall changes that will appear in the reality will not affect so much that will make 

the operator not a profitable business 

- With the results obtained, investors would have no doubt to invest on this project, 

being the answer YES. Positive NPV and IRR>WACC 

This said, we can now understand why the energy supply company that wants to create this 

operator has made this decision. 
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4. Results 

Since the network tests have not been carried out before the delivery of this document, no 

objective results of the correct network design can be shown. 

However, this thesis shows a first approximation of how a real FTTH network is implemented 

and designed for the services explained and for the management of the whole network. 

Hopefully, these tests will be done between the delivery and presentation dates so that these 

results can be shown in the project presentation. 
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5. Budget 

You can check this part in chapter 3. 
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6. Environment Impact  

Although this projects is only related to a specific part of the network design for a FTTH operator, 

this chapter will include all the environmental impacts that the operator itself will have. 

Considering that almost all the projects in the technology field have little impact on the 

environment, there are a few that have to be considered in our case. 

The most important ones are those related to the deployment of the network, especially of the 

fibre. In order to minimize this impact related to the deployment, we will try to minimize the 

deployment by taking profit of the infrastructure that the energy supply company has, such as 

the electricity poles that will be used for the aerial deployment when possible. Contracting 

wholesale services from other operators also helps to reduce this impact and reduce the 

deployment damaging operations. 

However, this is not always possible, and when the operator will need to dig for the deployment, 

emissions will take place and its consequent impact as well as the acoustic contamination 

produced by the excavation machines. 

Apart from that, all the equipment introduced so far has a related impact on the environment, 

but it accomplishes the regulations set for this kind of equipment. This is the kind of 

environmental impact that will always be there during the operator’s lifetime. It has to be said 

that it is almost null and inevitable. 

This said, the major impact will take place during the deployment phases and once they are 

over, the environmental impact is almost null.  
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7. Conclusions and future development:  

Once the project has been finished, lets point out some of the thing that can be taking from it 

as well as the future development that the project needs in order to get to the desired point.  

In the first part of the project, it has been justified that GPON architecture is the best one to 

choose when deploying a FTTH network, considering the capabilities is has and the estimated 

future demand. 

In terms of technology, IPTV is the one selected for the TV service, thanks to its lower costs and 

the services it can offer, such as video on demand or connection from a smartphone. For the 

telephony, the advantages that today’s VoIP service has over the traditional POTS service and 

the reasons why every FTTH operator chooses this technology, have been explained. This said, 

we can conclude that in the future all the networks that don’t use the Internet to offer all the 

services will be obsolete, as well as the traditional services. 

Once this has been defined, the equipment that will be used in every stage of the network has 

been shown, resulting in what can be considered as a standard FTTH topology and architecture. 

It has to be said that for other projects of this kind, this will depend on the operator, since there 

are some factors that directly have an impact on the design. For example, using L2 equipment 

instead of L3 for the core network.  

As a best practices, it can be said that when implementing a network, redundancy has to appear 

whenever it is possible. In this network, for example, offering a redundant link in the core 

network and redundant NAT routers makes the design pretty robust. So, the more redundancy 

a network presents, the better. 

For the management network, it is a good think to try to isolate it as much as possible from the 

other traffic, and always protecting it a lot due to its importance. In our case, putting a firewall 

between the network and the management systems has been the solution chosen, which might 

be the solution chosen by most operators. 

Finished the HLD, the LLD has been developed, giving a possible solution for the services that 

the operator is going to offer. It is just a possible solution because there a lot of factors that can 

vary depending on some decisions made throughout the design. However, this project can be 

used as a roadmap for other designs of this kind. 

In the Business side of the house, an FTTH operator has been proven to be a great long term 

business. However, the scenario shown may not match the reality, so that greatness may vary 

a little. It has also been shown that everyone can create an operator overnight, since there its 

creation costs are huge. 

Being this just an approximation of the final solution, there is a lot of work to do in the future. 

The first thing to do is testing, which was planned to be done before the delivery date of this 

document, but the accumulated delays didn’t allow us to do so. This way, all possible 

weaknesses will be seen and solved in order to be sure that the solution is perfect once the 
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operators starts to be operative. Apart from the initial tests, there will be a pilot test period in 

La Garriga, in which real users will use the network, and that will be the real exam that the 

network will have to pass.  

As it is said at the beginning of the project, the long term objective of the operator is to offer 

FTTH services to 22 towns. This design has only considered 5 of them, so the design will have 

to be continued, and probably at some point the number of public addresses will run short, so 

maybe the operator will have to ask for some more.  
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Glossary 

ADSL Asymmetric Digital Subscriber Line 

AN Active Node 

AON Active Optical Network 

AoP Average of Period 

AS Autonomous System 

ASN Autonomous System Number 

BFD Bidirectional Forwarding Detection 

BGP Border Gateway Protocol 

B-RAS Broadband Remote Access Server 

CAPEX Capital Expenditure 

CATV Cable Television 

CMS Content Management System 

CMT Comisión del Mercado de las 

Telecomunicaciones 

CO Central Office 

DDI DNS DHCP IPAM 

DHCP Dynamic Host Configuration Protocol 

DNS Domain Name System 

DSLAM Digital Subscriber Line Access Multiplexer 

EBGP External Border Gateway Protocol 

EBITDA Earnings Before Interests, Taxes and 

Amortization  

EDFA Erbium-Doped Fibre Amplifier 

EPON Ethernet Passive Optical Network 
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FTTH Fibre to the Home 

GPON Gigabit Passive Optical Network 

HFC Hybrid Fibre-Coaxial 

IANA Internet Assigned Numbers Authority 

IBGP Internal Border Gateway Protocol 

ICT Information and Communication 

Technologies 

IEEE Institute of Electrical and Electronic 

Engineers 

IPAM IP address Management 

IPTV Television over IP 

IRR Intern Rate of Return 

ITU-T Telecommunications Standardization Sector 

of the International Telecommunications 

Union 

MAC Media Access Control 

MEC Multichassis Etherchannel 

NAT Network Address Translation 

NPV Net Present Value 

OLT Optical Line Terminal 

ONT Optical Network Terminal 

OPEX Operating Expenditure 

OSPF Open Shortest Path First 

P2M Point to Multipoint 

P2P Point to Point 

PAgP Port Aggregation Protocol 
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PEBA Programa de Extensión de Banda Ancha 

PON Passive Optical Network 

PoP Point of Presence 

POTS Plain Old Telephone Service 

PPP Point to Point Protocol 

PPPoE Point to Point Protocol over Ethernet 

QoS Quality of Service 

REP Resilient Ethernet Protocol 

RFoG Radio Frequency over Glass 

RIP Routing Information Protocol 

RIPE Réseaux IP Européens 

RR Route Reflector 

SDP Session Description Protocol 

SFP+ Small Form-Factor Pluggable 

SIP Session Initiation Protocol 

SoftSwitch Software Switch 

STB Set Top Box 

STP Spanning Tree Protocol 

TDMA Time Division Multiple Access 

TTL Time to Live 

VAT Value-added tax 

VLAN Virtual Local Area Network 

VOD Video on Demand 

VRF Virtual Routing and Forwarding 
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VSL Virtual Switching Link 

VSS Virtual Switching System 

WDM Wavelength-Division Multiplexing 

WACC Weighted Average Cost of Capital 

XOC Xarxa Oberta de Catalunya 

 


