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Today broadband networks are characterized by their possibility of big throughputs 

and the rapid transmission of information. The possibilities that the broadband 

networks provide, are particularly important. Their use is expected to influence 

considerably the daily life of citizens as they offer them the opportunity to participate 

in actions of life-education, telemedicine, electronic government, electronic 

commerce etc. Moreover it gives them the possibility of accessing services and 

content such as telephony over IP, videoconference, tele - working , IP television, 

online gaming etc. which will set new standards to the way people communicate and 

entertain. 

This diploma thesis intends to present and compare widespread broadband 

technologies. At first modulation, multiplexing, coding and access techniques that are 

used by broadband technologies are described. Following the most common wired 

and wireless technologies worldwide are presented. These are xDSL Technologies, 

Cable Internet, Optical Fibre Technologies (FTTx), Broadband over Powerlines, Wi-

Fi, the Wi-MAX, 3rd Generation networks (3G), 4rd Generation networks (4G) [LTE]

Fixed Wireless Access Networks (LMDS and MMDS) as well as the Internet over 

Satellite Systems. Right after follows a description of technologies that potentially 

will be developed in the near future. 

In the second part of the study presents the business models of broadband accesses

And in the third part of the paper presents the status of development of broadband in 

Greece. Finally we study the viability of the network of Lepanto and conclusions of 

this.
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Broadband Access, modulation, coding, xDSL (Digital Subscriber Line), Cable, FTTx 

(Fiber To The x), BPL (Broadband over Powerlines), Wi-Fi, Wi-MAX, 3G-4G

Networks, Fixed Wireless Access Networks, Internet over Satellite, broadband 

services, Greek evolutions, business models, captex ,optex, networks Feasibility 

Study.
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-R. Access Node 

-C. 

–

POTS–

– –C2

- –

–R2

-

-

VC

-SM 

-

LAM–Digital Subscriber Line Access 
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R, ADSL Transceiver Unit –

-CO: ADSL Transceiver Unit – Central Office). 

-

-

– Asymmetric Digital Subscriber 
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–

–

Cancellation). 

:

modem ADSL
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mm

2,7 8.448 Mbps 0,4

3,6 8.448 Mbps 0,5

3,6 6.312 Mbps 0,4

4,8 2.048 Mbps 0,5

4,8 1.544 Mbps 0,4

5,5 1.544 Mbps 0,5
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–

–
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9 G. Lite ADSL
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splitter-
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10 ADSL2

11: ADSL
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– Central Office). 

.

- ONU). 

–

– 4 KHz. 

– 80 KHz. 

– 700 KHz. 

ISDN. 

Mbps) )

12.96 – 13.8 1500

25.92 – 27.6 1000

51.84 – 55.2 300

2 VDSL




 


CAP (Carrierless Amplitude / Phase). 

DMT (Discrete Multitone Technique). 

DWMT (Discrete Wavelength Multitone Technique). 

SLC (Simple Line Code). 

over IP (HDTV
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VDSL

G ADSL/2/plus

VDSL DMT

- -

-

DHCP Option

QoS (Quality of Service).

QoS -

-

-

VDSL

-

.
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4 Band Plan 998) , 

Band Plan

POTS

14 VDSL
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VDSL

15 VDSL VDSL ADSL/2+ 

VDSL

DSL

VDSL

ADSL

US Ethernet

QoS

Mbps

Mhz.
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16: VDSL2, H DSL

(International Telecommunications Union)

- -1. 

–
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Kbps

- -

Mbps

ATM (asynchronous

transfer mode frame relay

ANSI (American National Standards Institute

Mbps

HDSL

HDSL HDSL

Mbps ANSI HDSL

HDSL HDSL

HDSL HDSL2. 

HDSL

.
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HDSL. 

Kbps

-

VoIP.

SHDSL

-

DSL

SHDSL Kbps bps

Kbps Mbps

SDSL Q SHDSL

TC-PAM (Trellis Coded 

Pulse Amplitude 

B1Q
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17 G.shdsl SDSL
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SHDSL

ADSL

SHDSL

ADSL

-

SHDSL ADSL,

DSL

SHDSL.

SHDSL

VoIP

PVN –

Private Virtual Networks

(Remote LAN Access).
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IDSL ISDN

H

1Q ISDN.

DSL

IDSL

IDSL

CO). 
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xDSL

4: xDSL

ADSL

dslForum A

ADSL

e-commerce

e-banking e-mails

Download Upload

ADSL 1.5 - 8 Mbps 16 – 1024 Kbps 
1.544 Mbps - 5.5 km 

2.048 Mbps - 4.8 km 

6.312 Mbps - 3.6 km 

8.448 Mbps - 2.7 km 

G. Lite ADSL 1.5 Mbps 512 Kbps < 5.5 km

Rate Adaptive 

DSL

7 Mbps 1 Mbps

< 5.5 km

ADSL 2 12 Mbps 1 Mbps < 6 km

ADSL 2+ 24 Mbps 1 Mbps < 6 km

VDSL 52.8 Mbps 

asymmetric 

26 Mbps 

symmetric

2.3 Mbps 12.96 Mbps - 1.4 km  

25.82 Mbps - 0.9 km 

51.84 Mbps - 0.3 km 

VDSL 2 100 Mbps 100 Mbps < 2.4 km

HDSL 1.544 Mbps duplex (2 UTP)

2.048 Mbps (3 UTP)

1.544 Mbps - 5.5 km  

2.048 Mbps - 3.6 km

SDSL 2.048 Mbps < 3 km

SHDSL 2.3 Mbps 1UTP                                

4.6 Mbps 2UTP

3 km                             

6 km

ISDN-DSL 144 Kbps 15 km
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G.Lite ADSL

ADSL Mbps). 

ADSL ADSL

Mbps

km

ADSL.

VDSL

Mbps

ADSL

VDSL

HDTV

VDSL

VDSL

Mbps

VDSL km

km VDSL ADSL2/2+.

SDSL HDSL

SHDSL

IDSL

km

pstn
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CATV

- HFC, Hybrid Fiber

Coaxial

-

RF).

1:
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RF

GHz.

RF-

-

GHz

CATV

-

head end

RF-
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2 -

laser

on off

laser on

HUBS

CATV.
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3

HUB

Optical Network Unit, ONU

– HFC). 

-

CATV

MHz MHz.

4




 


MHz NTSC

5.

5 NTSC

VSB-AM

FM.

–

PSTN
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6

7

7

MHz

MHz

HDTV IP (VoIP), 

VoD




 


QPSK

Mbps MHz

-QAM -VSB

Mbps

bps/Hz -MHz

BPSK 1 4

QPSK 2 8

16-QAM 4 16

64-QAM 6 24-27

256-QAM, 16-VSB 8 30-43

5:

HFC

CATV

- HFC.
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8 HFC

(regional cable headend

hubs distribution hubs

hubs

9
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Fiber To The Home Fiber To The Business)

modems

RF

modem RF

modem 56 kbps

T modems

modems

modems (always on

internet
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10 Modem

modems

IP (VoIP)

Internet.

Modem (Cable

Modem Termination System, CMTS

CMTS

Voice over IP

DSLAM DSL
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11 Modem

modem

– HFC

DOCSIS EuroDOCSIS,

CableLabs ITU

DVB DVB/DAVIC DVB/RCC

DAVIC (the Digital Audio Visual Council), EuroCableLabs CCA

(European Cable Communications Association

Eurobox/Euromodem.

(Data Over Cable Service Interface Specifications - DOCSIS). 
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Modem

O

(ITU).   

- -

Mbps Mbps

- DOCSIS 1.1, 2001 -

Quality of Service – QoS

10Mbps Mbps

best effort

MHz

-QAM -QAM QPSK -

QAM DOCSIS 1.0/1.1) 

TDMA

- DOCSIS 2.0 -

o

MHz

-

QAM -QAM -QAM

Mbps

DOCSIS DOCSIS

DOCSIS 1.x

TDMA CDMA

– DOCSIS 3.0 –

channel bonding

Mbps Mbps
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v6 (IPv

IP

modem

ECCA

DVB

MHz PAL-SECAM

MHz

QPSK -QAM -QAM

256-QAM

ECCA modem

modem

Mbps Mbps

Mbps

DOCSIS

modem

modem

ADSL
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Cable

ADSL

Cable

ADSL

Cable

ADSL

Cable
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HFC

FTTC, Fiber to the Curb

FTTC

FTTC

ONU, Optical Network Unit

FTTC

FTTH, Fiber To The Home

FTTC

FITL, Fiber In The Loop

FTTO, Fiber To

The Office FTTB, Fiber To The Building

FTTH, Fiber To The Home

FTTC.
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THz

db/km
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WDM

DWDM,

CWDM

DWDM.
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Active Optical Network

PON, Passive Optical Network

FTTH
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–
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GPON (Gigabit PON
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Generic Framic Protocol

Quality of Service, QoS). 

To Gbps

triple play

WDM-PON

TDM-
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TDMA-

WDM-

Hybrid PON

SUCCESS-DWA SUCCESS-HPON

SUCCESS-DWA SUCCESS-HPON

Stanford TDM

WDM-PON SUCCESS-HPON

WDM-PON,

laser

laser
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TDD (Time Division Duplex

xDSL
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1 Wi-Fi

Wi-Fi

Wi-Fi.
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- AP):

PCI PCMCIA

Wireless Stations):

PCI, PCMCIA, ISA
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2

Basic Service Set (BSS)

BSS Basic Service

Area (BSA BSS

BSS.

WiM Worldwide

Interoperability for Microwave Access

DSL Cable). 

(Wireless Metropolitan Area Networks - WMAN
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Ethernet Wi-Fi

Wi-MAX

WiMAX

NLOS). H

(Scalable

WiMAX -3.8 GHZ

WiMAX Forum

Mobile WiMAX

-

- OFDM.

WiMAX

-
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Low Density

Parity Check

Adaptive Antenna Systems, AAS

Multiple Input Multiple Output, MIMO) 

-14 MHz) 

OFDMA256.

802.16-

hard soft

- -

- -

VoIP
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Service

Level Agreement

-2004

UMTS).

UMTS Universal Mobile

Telecommunications System

G/UMTS

W-CDMA

Third Generation Partnership Project (3GPP

UMTS

UMTS

kbps

2 Mbps.
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G)

FM G

(Global System for Mobile communications TDMA CDMA

Kbps

- General Packet Radio Service)

G Kbps

GSM (Enhanced

Data rates for GSM Evolution Kbps

G

G.

-

radio access

packet switched

circuit switched

LTE

Evolved UMTS Terrestrial Radio Access Network (E-

- non-radio aspects System Architecture

Evolution (SAE Evolved Packet Core (EPC

LTE SAE Evolved Packet System (EPS).

flat architecture

IP Internet Protocol

handover

Orthogonal Frequency

Division Multiplexing (OFDM Multiple-Input Multiple-Output (MIMO)

User Equipment
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Technologies (RATs).

Ulta-Mobile Broadband (UMB

GPP 1.

1.

14.4 Mbps Mbps
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MHz

MHz (1.5 MHz MHz

Mbps Mbps

MHz.

Mode

mode.

-

MHz -

(HSDPA ).

-

(HSDPA).

Round-Trip Time (RTT)

ms - 10 ms.

-

-

/GSM/EDGE Radio Access 

Network (GERAN

handover

Quality of Service

VoIP

evolved

multicast
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evolved MBMS:

– Streaming

-

multicast

video-clips

EPS EPC

E-UTRAN 2

evolved NodeB

(eNodeB UEs

2 EPS .
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multicarrier multiple antenna

technology).� � � � � � � �  ! " # $ % & & # ' &
Orthogonal

Frequency Division Multiplexing OFDM

3), 

subchannels


 	
(carriers guard-bands

Orthogonal Frequency-Division Multiple

Access(OFDMA

Single Carrier OFDM (SC-OFDM). 

4
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4 LTE

OFDMA multiuser OFDM

modulation

subcarrier

5

pilot symbols

control channels

5 - .

SC-OFDM

OFDMA OFDMA
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SC-OFDM SC-OFDM

Peak-to-Average Ratio (PAR

PAR

SC-OFDM

SC-OFDM

.� � � � � � (
LTE

spatial domain

(SIMO,MISO,MIMO

UE (Single-User p-t-p Multi-User p-t-m

6.

a) Diversity gain

multipath fading).

b) Array gain

MU-MIMO).

c) Spatial Multiplexing gain signal stream
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6

-

-

SIMO MISO

-

-UE

modem

real time)

online gaming
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-15.000

– Global Positioning System

.
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Internet over

Satellite

Internet Service Provider (ISP

o Internet Service Provider (ISP

1. uplink

2.

3.

DVB-RCS (Digital Video Broadcast – Return Channel Satellite)

HUB



� �

3 .

DVB-RCS

SI

DVB/MPEG-

MF-TDMA

QPSK

Reed Solomon

SDT

DVB

-
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MF-TDMA MF-TDMA

) * +
ISP

Internet Provider

modem ISP.

0: ISP

dial-up

ISP
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uplink downlink ISP

Mbps

uplink Mbps downlink

Internet

ISPs ) * +
ISP

Internet Provider

modem ISP.

dial-up

, - . / 0 1 2 3 4 5 6 7 8
site

Downlink server



� �

Uplink server

Uplink

Downlink server IoS

NMS (Network

Management System 9 . : 6 ; < : 2 . / 0 1 2 3 4 5 6 7 8
multicast mode store and

forward Uplink server

multicast unicast mode

Uplink

multicast + . = 6 ; < : 2 . / 0 1 2 3 4 5 6 7 8
pipe). 

EDI - Electronic Data Interchange> 0 ? 4 < 1 6 : 8
Carousel

-

carousel mode.

Stream Multicast mode):

(streams video

(streaming RTP
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Internet over Satellite

GEO

ADSL- Asymmetric

Digital Subscriber Line

multicast & broadcast

ISP

ISP modem

Digital Video Broadcast (DVB

Internet MPEG2 DVB

- -@
Internet over Satellite

ISPs

Mbps
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5Mbps
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.
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Loss rate).
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satellites

INTERNET INTERNET
NAT

router

NAT

router

rew rites source

addresses and checksum

rew rites source

addresses and checksum

user

user

user

user
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G G

Megabit

G

Mbps Gbps
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Wi-Fi Wi-MAX UMTS,

EDGE

1: G
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MHz -48 GHz GHz,
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bps

Mbps

Gbps
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1.

Operational Cost - OPEX).

2.

Quality of Service - QoS
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E F I
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.
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.
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E G N

•

•

•

• License fee)

• O P P Q R S T R O P P Q U V W V D
P2P

P2P X
-

-

DRM

P2P

P2P

P2P

DVD

DRM

P2P
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broadcasting

broadcasting
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+

,

,

,
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3) 

)
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(OSI 1)

/ / )

)
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•

•

co-location

•

•

•

•

•
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•

CRM

•

•

•
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•

•

•
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-
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2.
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.

,

Operational Expense).

OPEX, 

1):

•



E H G

• frastructure):

•

Mbps high definition TV

•

• :

•



E H H

(CAPEX

CAPEX

OPEX.

CAPEX

CAPEX

CAPEX

CAPEX

• -

• transceivers

•

• end-to-end

• tube-in-tube -

•



E H I

CAPEX

> Z + [ \
CAPEX

xDSL VDSL GPON FTTx

Point-to-Point FTTx

2

ODF

xDSL

(cabinet CPE - Customer Premises Equipment

splitters

.

1500

2001     2002 2003 2004       2005 2006
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OPEX

residual

value).

OPEX

CAPEX

CAPEX OPEX

CAPEX OPEX

CAPEX,

(license costs OPEX.
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OPEX

port

•

OPEX

.

CAPEX

• planning)

• logistics)

• -

• CAPEX

OPEX

• self service portals

• outsourcing

•

• OPEX

•

-

• CAPEX,

CAPEX.
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•

•

• outsource;

CAPEX OPEX

• -

• -

• -

• Public Private Partnership - PPP

@
OPEX

convergent
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OPEX

outsourced OPEX

OPEX

cash flow analysis).

•

•

•

CAPEX

•

OPEX CAPEX.

•

•

•

• SLA

•
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•

•

•

•

•

• (Customer Relationship Management, 

CRM)

•

•

•

•

•

•

•

• SLA

•

Faults, Configuration, Accounting, Performance, and Security, FCAPS)

•

• Operation Support Systems,

OSS)

•
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•

• SLA

virtual operators

• local loop unbundling - LLU)

• DSL)

•

•

• Co-location, (hosting)

•

•

• SAN (Storage area network)

• roaming settlement

cost @
• roaming

roaming

• VHE (Virtual home environment

VHE
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Y
UMTS, WiMAX

one-time

MVNO (Mobile Virtual

Network Operator

OPEX MVNO

CAPEX.

•

•

•

OPEX
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AC226-OPTIMUM
1
.

OA&M (Operation, Administration & Maintenance-

4.

•

•

i

Mi = (M1+M2)i = ((Vi-1 + Vi)/2)*(Pi*Rclass +P1*(MTTR/MTBR))

• Vi i

• Pi i

• Rclass

• P

• MTTR (Mean Time To Repair

• MTBR (Mean Time Between Repairs

]
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•

• (Frequency of upgrades - FOU)

•

•

•

FOU

4



E I I

• OPEX

OPEX

• SLA

• OPEX

DVD

OPEX

•

• -

churned
2

•
3

•

.
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To OPEX

OPEX

churned

churned

• -

churned

•

.

•

t

•
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•

t

• l

n.

•

in-house

•

• ADSL

•

•

roaming

• roaming settlement

cost roaming

roaming



E I L

• roaming OPEX

roaming

• VHE (Virtual home environment

OPEX roaming
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.

OPEX
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-
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–

www.dslforum.org

2005

2003

–

Wikipedia

Cable Data Network Architecture:

http://www.cabledatacomnews.com/cmic/diagram.html

http://www.grnet.gr/

http://www.broadband.gov.gr/content.asp?ContentID=70

FTTH Standards, Deployments and Research Issues, by David Gutierrez, 

Kyeong Soo Kim, Salvatore Rotolo, Fu-Tai An, Leonid G. Kazovsky

FTTP Architecture Options

-

Optical fiber, Wkipedia

http://en.wikipedia.org/wiki/Optical_fiber

p p p t u v uu E G
–

– WiMAX,



Y

E M K

http://ru6.cti.gr/broadband/el/wimax.php

[6] Wikipedia, “WiMAX”

http://en.wikipedia.org/wiki/WiMax

http://ru6.cti.gr/broadband/el/fiber_optics.php

IEE: www.ieee.org

Wireless Ethernet: www.wirelessethernet.com

Wireless Lan Alliance: www.wlana.com

http://www.3gpp.org/

2006-2013

www.sch.gr

http://www.broadband.gov.gr/content.asp?ContentID=70

“IEEE 802.16 and WiMAX Broadband Wireless Access for Everyone”, Intel 

White
Paper, 2004
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