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Outline
• The Context

– Ubiquitous Wireless Access over Heterogeneous Networks
– A wide variety of Competing, yet Complementary, Systems

Towards ABC

• The Networked Everything
– Wireless Sensor Networks

• Two opposing Perspectives
– Operator Centric
– Ad Hoc, Opportunistic
– Two examples

• The Broadband Challenge
• Wireless Challenges: Cognitive Challenges
• Study Cases
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The Context:
Ubiquitous Wireless Access 

over/across
Heterogeneous Networks

integrating
Public and Private,

Licensed and Unlicensed
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It is all about Integration…
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Two key principles
• Technology Neutrality
Next…
• Service Neutrality

One single Criterion
• Always Best Connected (ABC)
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Is there is a role for FWA?
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Two Opposing Perspectives
• The Networked Computer vs Desktop PCs

– A network computer is a lightweight computer 
system that operates exclusively via a network 
connection. As such, it does not have secondary 
storage such as a hard disk drive – it boots off the 
network, but runs applications locally, using its own 
CPU and RAM.

– During the mid to late 1990s, some commentators 
and industry players such as Larry Ellison of Oracle 
Corporation, predicted that the network computer 
would soon take over from desktop PCs, and that 
many users would use applications loaded via a 
network instead of having to own a local copy.

• The Network Computer is coming back under a 
different guise…
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The Networked Everything
• The Networked Appliance
• The Networked Vehicle
• Machine-to-Machine Communication
• Pervasive Wireless Sensor Networks
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Wireless Sensor Networks Projects
• Mobile and Wireless Systems B3G

– CRUISE (CReating Ubiquitous Intelligent 
Sensing Environments)

– e-SENSE (Capturing Ambient Intelligence 
for Mobile Communications through 
Wireless Sensor Networks)

• Environment Monitoring
– OSIRIS (Operational Solutions for the 

Management of Inundation Risks in the 
Information Society)

– WINSOC (Wireless Sensor  Networks with 
Self-Organization Capabilities for 
Critical and Emergency  Applications)
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Wireless Sensor Networks Projects
• Embeded Systems

– WiSeNts (Cooperating Embedded 
Systems for Exploration and Control 
featuring Wireless Sensor Networks )

• Micro- and Nanosystems
– INOS (Intelligent Networked Optical 

Sensor)
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The Chock of Two Cultures
• Operator Centric

– Operators want to offer all sorts of services 
by integrating a number of wireless 
technologies, exploiting their most valuable 
asset: their brand
• Centralised, command-and-control

• Ad Hoc, Opportunistic
– Compelling services will be offered by a 

variety of providers, each with a reduced 
range, eventually providing ubiquitous 
services through loose federation
• Distributed, on-demand, opportunistic
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Wireless access to the fixed network

• 80% of the households (in Norway) will soon have broadband

• Most of them will use WLAN as home networks

• These WLANs may form complete radio coverage in some areas

• Low utilisation of each line

But WLANs today are mostly
protected (70%)
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The OBAN concept

1. Resource sharing
2. Individual authentication
3. Privacy
4. Operator controlled
5. User friendly

1. Resource sharing
2. Individual authentication
3. Privacy
4. Operator controlled
5. User friendly

Broadband access line

Public

*) Open Broadband Access Network (OBAN) 
EU funded project

Visitor

GSM, 
UMTS,..

Home user

Private
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AdHocSysAdHocSys
Ad hoc wireless network

• Best solution : reliable 
wireless broadband ad hoc 
network with fixed nodes

• Reliability is achieved by 
introducing redundancy, 
and by exploiting it 
through an enhanced ad 
hoc routing algorithm



9

COST 289 WOrkshop, Aveiro, Portugal © Dr. Jorge Pereira, EC17

AdHocSys Architecture
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Internet

at no cost
Often promoted as a free solution
to circunvent ’expensive’
legacy networks

Often promoted as a free solution
to circunvent ’expensive’
legacy networks

MESH

AdHoc

Reliance on Ubiquitous Broadband
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Ubiquitous, Tiered Broadband Access

Broadband for All =
Competitive, Adjustable Access

Different Access to each one (ABC)
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Wireless Challenges
• Addressing real-world scenarios by seamlessly 

integrating, in a fully context-aware manner, 
the optimal set of  wireless systems (in an ABC
sense), whenever and wherever needed

• Ensuring Interoperability in the midst of the 
Standards maze

• Joint Planning, Optimisation, Management and 
Control of ever more complex systems

• Crucial importance of Managing and Controlling 
Reconfigurability
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The whole range of systems
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IEEE Standardisation
• 802.16

– 802.16-2004 vs 802.16e

• 802.16 vs 802.20?
• 802.15 WPAN

– 802.15.3
– 802.15.3a

• 802.11
– a,b,c,d,e,f,g,h,…,s
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Cognitive Challenges
• Context assessment in a heterogeneous 

environment
– Interference Temperature or other relevant 

metrics for decision making
• Distributed decision making (especially in 

the case of network-assisted/directed 
system instantiation) in many cases in 
absence of complete feedback 
information
– non-reciprocal systems
– Tx/Rc affected locally and/or independently
– overhead

Study Cases

1. Analogue turn-off
2. Intelligent Transportation Systems
3. Emergency & Crisis Management
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1. Analogue Turn-off
• Using spectrum made free by analogue turn-off

– planned in Europe for 2006-2012
• The Commission expects the transition to digital to be well 

advanced by 2010 and proposes a deadline of early 2012 for 
phasing out analogue terrestrial broadcasting

• The Commission also calls for a co-ordinated approach to 
making freed-up spectrum available across the EU

– to end in the US in Feb. 17, 2009
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IEEE 802.22 WRAN
• Working Group on Wireless Regional Area 

Networks, is now looking at
– developing a standard for a cognitive radio-

based PHY/MAC/RAN for use by license-
exempt devices on a non-interfering basis in 
spectrum that is allocated to the TV 
Broadcast Service
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White TV Space
• The broadcasting industry is in the midst of making a 

transition from analogue to digital television 
transmission – a move that the US Congress enabled by 
giving broadcasters two sets of spectrum for free, 
simultaneous use during the course of the transition, 
now slated to be completed by February 17, 2009. 

• But because broadcasters don’t need two sets of 
spectrum, the US Congress declared in December that 
unused spectrum between channels 52 and 69 should be 
put up for auction to commercial wireless services. 

• Every one of the US 210 TV markets has between 15 
and 40 unassigned and vacant channels reserved for 
broadcasting – all of which could be readily converted 
to WiFi and other wireless uses.
– After broadcasters vacate the analogue spectrum (channels 2-

51), Boston will have 19 vacant channels constituting 38% of 
the TV band spectrum. Seattle will have 26 vacant channels 
constituting 52% of the TV band. 
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Dynamic Radio for IP-Services in 
Vehicular Environments

• Aims at spectrum-efficient high-
quality wireless IP provision in a 
heterogeneous multi-mode/multi-
band/multi-system environment to 
deliver multimedia services, 
particularly to vehicles, ensuring 
ubiquitous access to information 
and support of "edutainment".

• Will build upon the 
complementarity of various 
communication and interactive 
broadcasting systems for the 
delivery of IP-based multimedia 
services.

• Adds to the BRAIN approach a new 
Traffic Control (TC) layer enabling 
the selection of the most 
appropriate/efficient Radio Access 
Network (RAN) and eventually 
Dynamic Spectrum Allocation 
(DSA).

IUIU
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DxB RAN
TX/MUX

DSA

DVB
DAB

Services,  QoS,
Cost, Coverage.. 

UTRAN
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Core Network
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GSM/GPRS 
Core Network
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 Cost, Coverage.. 

BRAN
TX/RX

DSA

WLAN
Mobility support 

Network

Services,  QoS,
Cost, Coverage.. 

TC

IUIU

www.ist-drive.org
www.ist-overdrive.org
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Evolution of spectrum allocation schemes 
from DRiVE to OverDRiVE

• DRiVE (2000-02) inter-
working of different 
radio systems 
(GSM/GPRS, UMTS, DAB, 
DVB-T) with Dynamic 
Spectrum Allocation 
(DSA). 

• OverDRiVE (2002-04) -
spectrum sharing 
between systems using 
DSA according to the 
actual load as a function 
of region and time-of-
day.
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Time- and Regionally varying
traffic patterns

for voice and broadcasting services

WiFi
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2. Intelligent Transportation Systems
at Yokosuka Research Park

Front Vehicle (Transmitter)Front Vehicle (Transmitter)Back vehicle (Receivers)Back vehicle (Receivers)

Antenna & RF Devices for DiversityAntenna & RF Devices for Diversity Antenna & RF DevicesAntenna & RF Devices

Test site in YRP

National Institute of 
Information and Communications Technology
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Concept of ITS Communication 
Systems

Control Station

ITS Backbone NW G/W

Other NW

Local Base Station

Optical Cable
Radio on Fiber

60GHz

36-37GHz
Road-Vehicle

Inter-Vehicle
Software-Defined-Radio

National Institute of 
Information and Communications Technology
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Next-Generation Mobile 
Communication Systems
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National Institute of 
Information and Communications Technology
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3. Emergency & Crisis Management
• WIDENS (2004-06)

Wireless Deployable Network System
www.widens.org

• Propose a system for an easily deployable IP 
wireless ad hoc network in the absence of 
infrastructure
• Design a scalable, reconfigurable, reliable 
and secure system introducing ad-hoc 
adaptations and reusing current WLAN 
standards
• Demonstrate enhanced services of 
audio/video real time communication and data 
exchange and replication 
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WIDENS network
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WIDENS network


