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Abstract 

The CREATE-NET testbed is a long term project 
aiming at implementing a best state-of-the-art 
infrastructure able to link together research centers, both 
from academia and industrial bodies, in order to create a 
fruitful collaborative environment to help generating new 
ideas for advanced applications and services, developing 
new protocols, testing and integrating different vendor 
equipments. This testbed is aimed to be unique as it 
covers novel topics such as optical and wireless 
integration and WiMAX experimentation for offering 
broadband access to rural communities. In this paper we 
present both the technical design issues and a general 
outline of the implementation process. 

1. Introduction 

1.1. Objectives of the CREATE-NET testbed 

CREATE-NET (Center for REsearch And 
Telecommunication Experimentation for NETworked 
communities) was founded by 7 leading universities and 
research centers: Università degli Studi di Trento, ITC-
irst - Trento, CNR-ITT - Pisa and Politecnico di Torino in 
Italy, Budapest University of Technology and Economics, 
Technion - Israel Institute of Technology and Technische 
Universität Berlin. Its objective is to combine highest 
quality research addressing computer network 
architectures, telecommunications, security, applications 
and services challenges with experimentation on a unique 
real-life testbed.  

The CREATE-NET testbed will be the general 
framework for experimentation in CREATE-NET. It will 
combine advanced optical and wireless technologies, 
deployed in real metro area environment with on-demand, 
secure delivery of novel services to users. Different user 
groups will be targeted, including business, public and 
residential users. The central part of the testbed will be 

implemented in Trento, in the capital of the Autonomous 
Province of Trento, situated in a mountainous region of 
the Alps. The town lies in a valley at an altitude of 200 
meters above see level, while surrounding mountains 
reach 2180 meters. Within a distance of 20 kilometers 
several smaller and larger communities can be found at 
altitudes ranging from 200 to 1600 meters, which makes 
the region an ideal place for testing multi-hop line-of-site 
setups as well as non-line-of-site conditions. The testbed 
will also serve as a model of a community network which 
is planned to be deployed in Trentino to foster 
competition in the telecom market and industry 
development, to serve the needs in the public sector, and 
to provide services to the society and its citizen. In this 
context, appropriate economic models will be investigated 
as well. 

At the same time the testbed will include remote sites 
at CREATE-NET partner institutions, connected through 
the national and European research networks, thus 
forming a unique distributed testbed.  It will support 
virtually all research projects of CREATE-NET where an 
experimental environment is needed. It will be of interest 
also for industrial bodies that need to develop and test 
innovative systems and services without having the 
possibility or the interest to implement specific 
infrastructures and scenarios. 

1.2. Organization of the paper  

The organization of the paper is as follows: Section 2 
outlines some related work in testbed design and 
implementation. Section 3 deals with requirements posed 
by the applications and services as well as by the 
research/experimentation goals. The main technology 
“ingredients” of the testbed are introduced: the optical 
WDM layer, the all-Ethernet concept, PON technologies, 
WiFi and WiMAX. Section 4 outlines the implementation 
plan. The paper concludes with a summary in Section 5 
where next steps are also outlined. 



2. Testbed examples 

During the past decade, several testbeds have been 
built around the world in order to demonstrate the 
advances in optical communications, in particular the 
WDM technology, together with novel communication 
and control protocols such as IPv6 and GMPLS. A few 
testbeds have been recently built to experiment with 
wireless network infrastructures, predominantly based on 
wireless LAN technology or 2.5G - 3G mobile WAN 
networks. Some of them are large scale projects, based on 
a coordinated effort of national organizations, research 
centers, academia and industry. In the following a few 
characteristic examples will be summarized.  

1) HARMONICS (Hybrid Access Reconfigurable 
Multi-wavelength Optical Networks for IP-based 
Communication Services) [1] is a research project carried 
out within the framework of the IST programme of the 
European Union in 2000-2003. The main objectives of the 
HARMONICS consortium were to stimulate the 
convergence of access networks, by realizing the 
following objectives: (i) a dynamically reconfigurable 
fiber-based network feeder infrastructure, supporting a 
variety of last-mile customer access networks; (ii) a 
packet-based WDMA/TDMA MAC protocol, offering 
capacity-on-demand; (iii) a control plane protocol for a 
range of QoS classes for IP-based services; (iv) novel 
optical system modules supporting the WDMA/TDMA 
system.  

The concept of key functionalities was evaluated in a 
laboratory followed by a testbed demonstration of system 
viability in a field trial. Techno-economical aspects of the 
system concept and alternatives were assessed.  

The HARMONICS system is an IP-based network 
composed of two main parts: 1) The Last-Mile Networks 
connect the user by a variety of technologies such as 
VDSL, UMTS and HFC. 2) The Optical Feeder Network 
where WDM PON provides the connection between 
thousands of users and the backbone.  

In the project, a variety of applications that have 
different QoS requirements are considered such as POTS, 
VoIP and video conferencing. 

2) The Acreo National Broadband Testbed [2] is a 
platform for development of tomorrow’s cost-effective 
broadband communication solutions compatible with the 
idea of the network convergence, i.e. distribution of 
Internet, telephony and TV over the same network 
infrastructure. The network of the Acreo National Testbed 
covers two metropolitan areas, Stockholm and Hudiksvall, 
which are connected through a high-capacity transmission 
link. Several other, national and international, 
commercial-, test-, and research-networks can be reached 
through interconnection points. 

In Hudiksvall, metro and access architectures will be 
verified, and a wide range of access technologies 
evaluated, e.g. by end-users using advanced applications. 
Access technologies varies from FTTH to WLAN and 
xDSL, typical applications are voice, video and data, 
including HDTV. The trunk link between Stockholm and 
Hudiksvall is about 400km long and carries several 
channels at 2.5Gbps connecting the two metro networks 
via 16x16 channel optical cross-connects. Both DWDM 
and CWDM system technologies are implemented in the 
link.  

The metropolitan transport network in Stockholm 
consists of a DWDM ring with ten 2.5Gbps channels. The 
nodes of the ring connect to a number of broadband 
access networks with more than 20,000 end-users. The 
users in Stockholm will be offered high-speed peer-to-
peer connectivity, as well as IP-TV and Video-On-
Demand. The Stockholm network will be used to test 
Generalized MPLS (GMPLS).  

3) The ONFIG (Optical Network Focused Interest 
Group) [3] was initiated by the Agency for Science, 
Technology and Research (A*STAR) of Singapore to 
work on strategic areas related to optical metro/access 
technology. The central infrastructure for the project is 
the Optical Access Network Test Bed, which supports 
testing, benchmarking and evaluation of different optical 
access technologies to be developed within the ONFIG 
program. The testbed consists of a DWDM Metro ring 
network and a CWDM passive optical network. Therefore 
various metro/access network architectures could be 
studied in order to find the optimal network architecture 
for a densely populated urban environment like 
Singapore. The use of a number of reconfigurable optical 
add/drop multiplexers (OADM) and optical cross-
connects (OXCs) enables the study and implementation of 
GMPLS signaling and control protocol. The adoption of 
CWDM/DWDM reconfigurable optical ring allows for 
setting up light paths with different granularities. Access 
using fiber (PON), Ethernet and wireless over fiber will 
be studied and components and systems developed in 
other projects will be evaluated using the testbed. 

4) The IP-HORNET (Hybrid Optoelectronic Ring 
NETwork) [4] is a Next Generation Internet (NGI) 
Project at Stanford University funded by The Defense 
Advanced Research Projects Agency. This project was 
initiated to create a new architecture for high capacity 
next-generation IP-based metropolitan area networks 
(MANs). The architecture is optimized for high-capacity, 
bursty, IP-based networks with heavy intra-network 
communications. The project intends to foster the 
development and demonstration of novel subsystems for 
next-generation architectures, such as a fast-tunable 
packet transmitter and a burst-mode packet receiver. 



In addition to subsystem development, the IP-
HORNET project also encompasses the design and 
demonstration of necessary protocols to make the network 
architecture complete. Several protocols are necessary, 
though the project focuses on two in particular: a media 
access control (MAC) protocol and a survivability 
protocol. The IP-HORNET MAC protocol makes it 
possible the direct transmission of IP-packets without 
segmenting them into ATM cells (e.g., IP-over-ATM). 

5) WHYNET is a scalable testbed for next generation 
Mobile Wireless Networking [15]. Six partner institutions 
around the United States were selected by the National 
Science Foundation (NSF) to develop a wireless network 
testbed. The NSF's grant will finance 12 interconnected 
multidisciplinary testbeds to test new emerging wireless 
technologies. 

The unique aspect in WHYNET is that there are 
different types of wireless technologies that are being 
investigated, and this offers an opportunity to look at them 
both individually and together. The different wireless 
technologies include Ultra Wide Band (UWB), Sensor 
Networks, Multiple Input Multiple Output (MIMO) and 
Smart Antennas. 

The focus of the testbed will be on investigating the 
cross-layer interactions between the different involved 
radios, protocols and applications, starting from 
simulation models but without abstracting from the 
implementation details of a real physical network. The 
geographically distributed testbeds are interconnected via 
a high speed backbone, but no special research focus is 
given to the integration of the broadband backbone with 
the wireless testbeds. 

3. Create-Net testbed design 

3.1.  Our approach 

The testbed examples outlined above demonstrate that 
testing novel networking architectures and protocols in 
the lab and in the field is an important and hot area. At the 
same time we see that while known testbeds address 
important network design problems, they mostly focus 
only on technology aspects. Also there are no metro area 
wireless testbeds based on WiMAX integrated with 
optical backbones. Consequently, the combination of 
optical and wireless technologies, the tight coupling is not 
dealt with. 

The novelty and uniqueness in our approach can be 
summarized as follows: 
• optical/wireless network technologies are combined 

and integrated; 

• services for users are targeted, access networks are 
deployed where the user groups are, the users are 
conceptually an integral part of the testbed; 

• the wireless part includes a WiMAX 
backbone/distribution network to cover 
geographically challenged areas also in non-line-of-
sight conditions; 

• the same infrastructure serves a double objective: (i) 
it is intended to be an operational networks for 
service delivery, and (ii) a  research & development 
testbeds, both in optics and wireless; 

• the operational testbed will serve as a smaller-scale  
model of a community network infrastructure 
intended to serve the whole Province; 

• the testbed will be open to third parties who can 
“bring” in applications and services under 
development for testing (just like some earlier EU 
testbeds that allowed for bringing and testing 
networking equipment and software); 

• it will be a Europe-wide distributed testbed which 
includes the sites of partner institutions. 

3.2. Requirements, network topology and 
architecture 

3.2.1. Business consideration. Even if there is a clear 
evidence of long term sustainability growth in demand for 
ICTs, in business and among households, the fall of 
demand of ICT products registered from the end of 2000 
due to the burst of the internet bubble caused not only a 
diminishing value of stock options but also a real lack of 
trust in the technology sector. The enthusiasm for ICT 
suddenly collapsed revealing excess capacities and 
worsening profits. The entire ICT sector suffered from the 
downturn, but in particular the start-ups suffered from 
lacking of capital willing to invest into new ideas and ICT 
projects. Supporting ICT start-ups in these days may 
become a key competitive advantage for the entire local 
economy in order to anticipate the ICT recovery.   

The testbed may support the local economy jointly 
with all the industrial partners of CREATE-NET basically 
through two ways. The first way is by making technology 
transfers, as well as helping with implementing projects in 
sectors like health, education, agriculture and the 
environment to be presented to public administration. The 
second way is by offering attractive testing framework for 
industrial bodies, mostly local start-ups, and other 
external research centers that need to develop and test 
innovative systems and services without having either the 
possibility or the interest to implement specific 
infrastructures and scenarios. By implementing this 
approach CREATE-NET will perform real knowledge 
transfer towards local start-ups, by proposing them new 



service concepts jointly with already running 
implementations, even if in a controlled environment. As 
a result, the effort of a start-up in terms of R&D capex is 
also dramatically reduced to the engineering and 
marketing activities of the new services or products that 
can be tested using real target groups of users as the 
student population of the universities in Trento. 

3.2.2. Requirement analysis. During the last semester of 
2003 and the first months in 2004 CREATE-NET has 
carried out the preliminary analysis of requirements by the 
applications and services to be tested and implemented 
based on internal projects. Some target user groups of the 
services have also been identified. The initial services that 
we selected to address in this phase are: tourism, e-health 
care and university student services. 

This deep analysis has made it possible to achieve the 
following goals: 1) to identify the following architecture 
for CREATE-NET testbed network: a core network based 
on optical backbone, an access-distribution network based 
on wireless (802.16 and 802.11 standards) as it is 
depicted in Figure 1; 2) to develop the concept of new 
promising services, defining all their needs by a top-down 
approach, in terms of access sites, networking 
technologies, and capacity of access and core network; 3) 
to analyze the needs highlighted by the on-going projects 
and verify that they are a subset of the previous ones, 
eventually extend the requirements in order to cover 
project needs; 4) to figure out technical profiles for 
technicians and researchers to be hired by CREATE-NET 
in order to manage all the activities related to the testbed.  

 

 
Figure 1 Testbed Architecture 

 
Regarding the architecture of the testbed, as it can be 

observed worldwide it is almost natural that we think of 
Ethernet as a No.1 choice for all the three segments/layers 

of the network. IEEE 802.3ah (Ethernet in the first mile) 
in the final phase of standardization and it will provide the 
standard framework both for copper and fiber based first 
mile technologies. In the core, 10Gbit Ethernet (XGE) 
will be used as Ethernet is likely to replace SONET/SDH 
in next generation core networks and XGE represents the 
state-of-the-art in optical networking. To reach our goal of 
having both an operational network with realistic services 
and an experimental framework, we should have a ring 
topology based on WDM in order to separate on a lambda 
basis wavelengths dedicated to operational traffic and 
wavelengths allocated to experiments and new protocols. 
As an example, it is planned to compose an innovative 
optical architecture by using simple off-the-shelf optical 
components aiming at implementing a Light-trails 
solution [10]. Light-trails are capable of dynamic 
provisioning of an all-optical path through an out of band 
control channel, leading to multiple source destination 
pairs able to establish time differentiated connections over 
the light-trail while eliminating the need of high speed 
switching. The testbed will make it possible to test this 
solution using a real - although controlled - scenario.  

The wireless access systems (IEEE 802.16 and 802.11 
a/b/g) which we are planning to use extensively are 
Ethernet compatible, as well. In the first phase, WiMAX 
should be used to experiment with non-line-of-sight 
broadband backhaul connections of WLAN access 
networks. At least one connection is needed between 
nodes of the optical core and the University site in the 
nearby mountains for operational services. In Figure 1 the 
WiMAX connections are indicated with respect to the 
University of Trento (UNITN) and the Center for the 
scientific and technology research (ITC-IRST), At the 
same time the testbed should serve as a prototype for a 
larger scale community network having WiMAX both as a 
means of providing backhaul and as an access technology. 

WLAN technology will be used to collect a sufficient 
amount of user traffic, however some projects also use 
special properties of WLAN to have location aware 
services. The testbed should connect several WLAN 
access networks, some of them being already functional. 

The common platform for all applications and services 
will be IP, or more exactly, the TCP/IP protocol stack 
with its transport protocols (UDP, TCP) and higher layer 
protocols such as RTP. To provide QoS and traffic 
engineering, MPLS and GMPLS can be used. 

The testbed will be implemented in Trento with remote 
sites at CREATE-NET partner institutions, thus forming a 
unique distributed testbed. We are also planning to 
connect it to R&D network (GARR) in Italy, and to 
GEANT in Europe. Remote access to the central facilities 
from partners is also envisaged. 

Targeted services also determine equipment 
preferences. Not all the products available on the market 



provide the same level of flexibility and of customization. 
Two of CREATE-NET’s ongoing projects are CoDe-MM 
[11] and NetMobS [12]. 

CoDe-MM is investigating the distribution of 
multimedia contents over heterogeneous networks and 
terminals. This is a really challenging scenario where QoS 
and DiffServ features become critical.  

NetMobS is another ongoing project that we would 
like to develop together with the testbed and it’s aiming at 
designing architecture and services for the students’ 
community. The needs of this project are to have 
networking gateway capabilities, in order to transparently 
integrate wireless LAN technologies (802.11a/g) with the 
wireless broadband backbone. 

Both projects will provide the testbed with a realistic 
traffic load, which is really important for making the 
testbed a useful testing environment. 

Planning, implementation, operation and development 
of the testbed will be a permanent activity. The testbed 
development will be carried out by full-time and part-time 
CREATE-NET personnel, in co-operation with specialists 
at partner institutions. An ad-hoc special group has served 
as an advisory body during the initial phase of testbed 
planning.  

3.3. Technology selection 

With the exponential growth of Internet and the 
emergence of new applications such as Internet telephony 
and Video-on-Demand, access network and metro 
distribution network will soon be required to support 
increasing traffic demand in a shared and cost effective 
way. Core WDM [6] backbones seem to efficiently 
exhaust the 30THz of bandwidth capacity of the optical 
fiber connections dug during Internet bubble, however 
much work is still needed in order to interface distribution 
metro optical layer with wireless access network. As a 
possible solution, PON architecture seems to be able to 
offer the required bandwidth and QoS in topologies such 
as FTBS (Fiber To Base Station), where the traffic 
generated by a wireless Base Station is directly 
transported to the core network by PON.   

Moreover the dominance of IP communication in the 
past decade has led to propose native IP packets over 
WDM as the method to efficiently utilize the enormous 
bandwidth offered by the fiber while coping with the 
limitations of electronic bottleneck at the same time. 

The successful deployment of first wireless IP 
networks has made it possible to extend the IP paradigm 
also at the access wireless network where standards 
bodies, operators, and radio access network (RAN) 
equipment vendors have embraced IP as the networking 
architecture of choice for delivering a whole new class-of-
service application offerings. For this reason we think of a 

testbed network where IP is the common framework at all 
the three layers/segments of the network. At Metro layer, 
IP is encapsulated in Ethernet frames in a WDM fashion. 
The distribution network interfaces the Metro optical 
network to WiMAX base station by PON.  In the 
following paragraphs we present an overview on the 
technologies presented so far. 

3.3.1. WDM. WDM systems are based on the ability of 
an optical fiber to carry many different wavelengths of 
light simultaneously without mutual interference. WDM 
provides an alternative to SONET/SDH-based 
technologies, allowing a closer match of bandwidth 
supply to user demands while also making provisioning 
much more flexible and dynamic while also eliminating 
some of the legacy "baggage" of SONET/SDH 
technology. Optical switched networks, which will also be 
based on WDM, are promising to bring new intelligent 
services to both enterprise-based and provider-based 
customers. There are two key WDM solution technologies 
for the metro arena: dense WDM (DWDM) and coarse 
WDM (CWDM). DWDM technology utilizes very tight 
channel spacing (typically 200GHz (1.6nm) or 100GHz 
(0.8nm)) and operates in the C and L band (1530-1560nm 
and 1570-1600nm, respectively). These bands were 
chosen in part due to the operating range of related optical 
amplifier devices, in particular the erbium-doped fiber 
amplifier (EDFA), a crucial necessity for extending 
distance scalability. Clearly, such compressed allocations 
yield massive and unparalleled bandwidth scalability, 
allowing for up to 80 channels with the transmission of 
several hundred channels along a single fiber already 
demonstrated to exhaust the ten terabit per second fiber 
capacity. Overall, DWDM technology has emerged to 
dominate the long-haul core space and is now finding very 
strong traction in metro and regional core settings. 
Particularly, commensurate trans-metro bandwidth 
demands are much greater here, and related costs can be 
amortized more easily (and hence justified) over the 
larger customer base. Furthermore, many studies predict a 
steady decline in DWDM component pricing (filters, 
lasers, amplifiers), and consequently this technology will 
continue to gain adoption in the metro-access arenas over 
the next few years.  

However, cost-sensitive access/enterprise operators are 
demanding interim solutions to address their immediate 
capacity expansion needs. It is here that CWDM is an 
ideal fit and has garnered much recent attention. The basic 
promise of CWDM technology is to offer acceptable 
optical bandwidth scalability at extremely reduced price 
points. These objectives are achieved by defining much 
broader channel spacing, typically 20nm, over the 
available SMF spectral bands, thereby helping curtail 
related component stringencies and costs. For example 



CWDM applications can make use of much lower-cost 
uncooled DFB lasers for bit rates up to 2.5Gbps. This 
setup precludes expensive temperature control circuitry, 
reducing costs significantly and also yielding much lower 
power dissipation. Another example is the optical filters 
used in the network. Today most CWDM filters are nearly 
50% cheaper than their DWDM counterparts. Moreover, 
unlike DWDM, CWDM does not have any provisions for 
optical amplification and this further reduces costs. 

There are hybrid CWDM-DWDM systems, where one 
or more of the CWDM channels are decommissioned, and 
DWDM wavelengths are used in its place. This practice is 
most common in the 15xx nm band of the CWDM 
wavelengths. The testbed comprises different equipment 
in order to separate optical layer with respect to switching 
one. In particular at optical layer the equipment is able to 
implement both CWDM and DWDM functionality. 

3.3.2. Ethernet. Developments in "last mile" and fiber 
optic technologies, combined with the demands of the 
new applications have put pressure on service providers 
and infrastructure vendors to improve their services. The 
metro core network must interface to both the local access 
network and the WAN network. Historically, metropolitan 
area connectivity has been provided by Synchronous 
Optical Network/Synchronous Digital Hierarchy 
(SONET/SDH) rings which were designed and built to 
carry voice traffic. However, most of the traffic growth in 
these networks is now due to data applications. Data 
traffic volume has already surpassed voice traffic volume 
in many metropolitan areas. The SONET/SDH transport 
infrastructure is not optimized for data traffic and cannot 
scale to support the rapid growth of the Internet in a cost 
effective manner.  

The advantages of a combined 10GbE/WDM solution, 
as it is implemented in the testbed can be examined from 
three distinctly different perspectives: the advantages of 
each technology by itself, the benefits of having Ethernet 
as a service, and the operational/managerial advantages of 
end-to-end consistency.  

Technology Advantages: Ethernet has proven to be a 
very adaptable, reliable, uncomplicated and extremely 
cost-effective technology. Ethernet is considered to be a 
"plug and play" solution requiring only a minimum of 
planning, design and testing. Ethernet implementations 
are generally standard and are interoperable and 
interchangeable since it interfaces transparently with 
various transmission media including cable, copper wire, 
and several types of fiber. The ability to mix and match at 
the media level avoids significant re-wiring costs that 
might otherwise be necessary.  Ethernet networks which 
are now essentially distance insensitive will reduce costs, 
simplify operations, and increase performance, all without 
major disruptions in existing applications. 

Architectural Advantages: The major advantage of 
Ethernet is its emerging potential to serve as a true end-to-
end solution. Existing customer networks can be 
supported in native mode, eliminating format conversions 
at the network boundaries. This eliminates some of the 
network processing that would be needed when different 
data link protocols are used and, therefore, reduces 
complexity. Providers started to offer 10-gigabit Ethernet, 
which will begin putting pressure on OC192 as a low-cost 
alternative for transporting aggregated IP flows across 
MAN (metro area network) and WAN (wide area 
network) backbones. 

Management Advantages: Operations, administra-
tion, maintenance and provisioning (OAM&P) are also 
improved through the use of Ethernet across the MAN 
and WAN. Network management systems can be 
simplified if the same system can be used at all levels of 
the network. Using Ethernet, new services can be 
deployed faster. Since most customers already use 
Ethernet, there would be less training required. 

Marketing Advantages: Ethernet can be relatively 
easily sold to most customers. Most enterprises already 
have experience with Ethernet and would be willing to 
accept its use by service providers, especially if 
outsourcing is a possible option. As an example, 98% of 
local area network (LAN) connections are now Ethernet 
based. The use of Ethernet across the MAN and WAN 
also expands its market penetration, increasing its 
popularity even further.  

3.3.3. PON. Fiber based technologies, such as ATM, 
SONET/SDH and Gigabit Ethernet, have effectively met 
the growth in core network traffic demands but the access 
network is quickly becoming the bottleneck for providing 
broadband access to small and medium business 
customers. An access technology solution must be capable 
of providing: the triple play of voice, data and video 
services; high reliability and protection, user friendly 
interfaces, network scalability and capacity to meet 
expanding demands for bandwidth caused by the delivery 
of new services. 

The new demand for bandwidth and advances in 
electro-optical technology has turned Passive Optical 
Networking (PON) into a cost effective option to bring 
fiber to the customer. PON offers service providers a cost 
effective and virtually unlimited bandwidth access 
platform capable of supporting legacy voice, data and 
video services. PON allows service providers to: 

• share their costs of fiber and the equipment at the 
central office (CO) among multiple customers; 

• reduce the capital expense of outside plants and their 
associated operations costs; 

• enjoy the flexibility of upgrading services or adding 
new services with equipment changes only at the network 



ends, and on a per-customer basis. In addition, once the 
fiber is in place, it can serve to promote virtually limitless 
bandwidth to end users, incrementally, over time. 

There are several types of PONs, as discussed below. 
APON: The current APON Optical Line Terminals are 

based on ATM switching and support a straightforward 
interface to ATM-based backhaul and aggregation 
networks. They enable high-speed access (up to 622Mbps 
downstream and 155Mbps upstream) and multiple-line 
telephony to be carried on one pair of wavelengths. 
However, APON/BPON systems suffer from two 
substantial drawbacks in the form of low overall 
efficiency for data transport and the complexity of 
adapting and provisioning services over an ATM layer.  

Gigabit PON (GPON): A GPON is the emerging 
G.984 ITU standard. GPON encapsulates traffic in a 
version of the SONET-compatible Generic Framing 
Protocol (GFP), thereby using a faster approach. A GPON 
would have the speed (the standards support up to 
2.4Gbps) to make it ideal for delivering triple play 
services, including switched digital video, from 
Incumbent Local Exchanged Carriers (ILECs) and other 
carriers. Because of its SONET framing, a GPON enables 
service providers to link their TDM and voice 
connections into the PON without adding IP. 

Ethernet PON (EPON): EPON, also referred to as 
“Ethernet in the First Mile”, or EFM, is a Passive Optical 
Network (PON) architecture that combines a low-cost 
point-to-multipoint fiber plant with Ethernet IEEE 802.3 
transport layer. A mechanism for network OAM is 
included to facilitate network operation and 
troubleshooting. EPON is based upon a mechanism 
named Multi-Point Control Protocol (MPCP), defined as 
a function within the MAC control sub layer. MPCP uses 
messages, state machines, and timers, to control access to 
a P2MP (point-to-multipoint) topology. Each Optical 
Network Unit (ONU) in the P2MP topology contains an 
instance of the MPCP protocol, which communicates with 
an instance of MPCP in the Optical Line Terminator 
(OLT). 

A key technical challenge for EPON vendors lies in 
enhancing Ethernet’s capabilities to ensure that real-time 
voice and IP video services can be delivered over a single 
platform with the same QoS and ease of management as 
ATM or SONET. EPON vendors are attacking this 
problem from several angles. The first is to implement 
methods, such as differentiated services (DiffServ), which 
prioritize traffic for different levels of services. Another 
technique, called bandwidth reserve, provides an open 
highway with guaranteed latency for POTS traffic so that 
it does not have to contend with data. 

In the testbed it is planned to investigate EPON 
technology in particular to assess Gb bandwidth to 
WiMAX Base station. 

3.3.4. WiMAX. 802.16 is expected to be the wireless 
technology capable of revolutionizing the broadband 
wireless access industry and providing flexible and 
affordable access to millions of subscribers. 802.16 
standard [8] with its WirelessMAN air interface has been 
published in April 2002. IEEE Working Group 802.16 on 
Broadband Wireless Access is responsible for the further 
development and amendments of the original standard. 
The IEEE 802.16a amendment was approved in March 
2000 and involves the definition of a new physical layer 
targeting the 2-11GHz band. The standard was finally 
approved in January 2003. These sub 11GHz frequencies 
enable non line of sight (NLOS) transmissions, making 
this technology the most appropriate for last-mile 
broadband access. The most common 802.16a 
configuration consists of a base station that communicates 
with several subscriber units on a point-to-multipoint 
basis. Communication range is around 8 kilometers 
without line of sight (NLOS) and around 45 kilometers in 
the case of line of sight (LOS). 

The WiMAX forum is a non-profit organization 
formed to promote the IEEE 802.16a wireless MAN and 
to certify the 802.16a products that will be available on 
the market. The main WiMAX efforts are currently 
focused on test equipment supporting a 256-carrier 
Orthogonal Frequency Division Multiplexing (OFDM) 
physical layer operating in the 2.5GHz, 3.5GHz and 
5.8GHz frequency bands. Several wireless equipment 
vendors are preparing to test their first-generation 
WiMAX products for interoperability prior to 
certification testing by the governing WiMAX Forum 
early in 2005.  

Even though WiMAX is the most promising 
technology for the wireless broadband access, it is not a 
straightforward choice. The reasons of this are twofold. 
First, regulatory issues have to be taken into account when 
considering wireless equipment; and secondly, equipment 
vendors offer different solutions, each one targeting a 
specific market. 

WiMAX will need to operate in less crowded bands 
for continuity and quality of service reasons. Many of 
these are licensed, such as 2.5GHz and 3.5GHz. Licensed 
bands are subject to regulation and, in many cases, cost a 
fee. 

Nowadays the 3.5GHz is the worldwide most allocated 
frequency band for Broadband Wireless Access and 
represents the largest opportunity for BWA, comprising 
40% of the total sales, followed by the 5.2-5.8 GHz band 
[7]. The 3.5GHz frequency is therefore considered as the 
most stable environment from a regulatory point of view 
and this is the reason why the biggest BWA equipment 
vendors have started from this frequency with their 
WiMAX products (i.e., Alvarion). 



Nevertheless, the 3.5GHz is mostly allocated in Italy and 
many other European countries to non-civilian services 
and major regulatory effort is needed to free up them (still 
keeping them license-based). So doing, it is not clear in 
Italy whether it will be available in the future for 
commercial use. 
Another driving factor in the product definition is which 
scenarios WiMAX technology should be applied in. 
WiMAX may be seen as a natural solution for filling the 
gaps in cable and DSL coverage, but at the same time it 
could also serve as the wireless internet technology for 
underserved rural areas with low population density. In 
the first case the NLOS and data rates are the most 
important characteristics of the equipment, while in the 
second case the communication range and robustness 
becomes more important. 

3.3.5. Wireless LAN. The first versions of Wireless LAN 
were standardized in 1997 by the IEEE under the 802.11 
name with a maximum speed of 2Mbps. Two competing 
versions shortly followed in 1999: 802.11a working in the 
5.8Ghz band and providing a maximum of 54Mbps and 
802.11b operating in the 2.4GHz domain with a rate of 
11Mbps. Later, in 2003 the new 802.11g was born on the 
success of 802.11b in the 2.4GHz range, upgrading it to a 
theoretical maximum speed of 54Mbps by using 
Orthogonal Frequency Division Multiplexing (OFDM). 

Today WLAN is a well established technology with 
dozens of small and large scale installations all over the 
world. It can be found in hot-spots, at companies, in 
universities, but there are also examples of whole towns 
covered by experimental WLAN networks. The 
technology can even be set up easily at home, usually as 
part of the ADSL access device. 

Besides all these installations and the low cost, there 
are still several unresolved problems that hinder the 
widespread usage of the technology. A list of these 
problems follows. 
• The number of WLAN enabled small handheld 

devices did not yet reach the critical mass, which 
makes several possible applications financially 
unprofitable.  

• Nowadays WLAN technology is mainly used to avoid 
cabling and this way provide cheaper and easier 
access. The development of applications and services 
specially aimed at WLAN users exploiting features 
like mobility and location awareness has just started, 
with lots of space for new and innovative ideas. 

• The security solution provided in the initial standard 
(WEP) turned out to be easily crackable in 4-5 hours 
when using 40 bits keys with freely available 
software. Unfortunately the time needed is linearly 
proportional to the key length, thus a longer key does 
not provide a solution for the problem. There are 

both proprietary extensions and a recently approved 
standard (IEEE 802.11i) to overcome the situation, 
however most of the already deployed hardware is 
not software upgradeable. 

• With the easy access to the medium which can hardly 
be protected by physical separation like in the case of 
wired Ethernet, AAA and user mobility between 
WLAN networks became a hot topic. Some providers 
use old standards like RADIUS, while there are also 
new attempts like PANA (Protocol for carrying 
Authentication for Network Access). 

• Recently research on the performance characteristics 
of WLAN solutions (in different propagations 
conditions, as a function of user number and 
topology) became a hot topic, but at the time of 
writing only preliminary results are available. It 
should be mentioned that IEEE has also started a test 
standard project in September 2004 under the name 
“IEEE P802.11.2 Recommended Practice for the 
Evaluation of IEEE 802.11 Wireless Performance" to 
provide measures and metrics for the performance 
comparison of different WLAN products. 

• Although there exists a large number of deployments, 
dimensioning and planning of a WLAN network is 
done ad-hoc in most of the cases mainly due to the 
difficulties and effort needed in modeling 
propagation conditions and the lack of known 
performance characteristics. 

• Finally, the difference in bandwidth, in error rate and 
in reliability between technologies used in different 
segments of the network pose questions in both 
device implementation and network optimization.  

As it can be seen from the previous list, the WLAN 
access part is not just the means of concentrating user 
traffic into our testbed, but there is still a lot of room for 
having trials focused on this part of the integrated testbed. 

4. CREATE-NET testbed implementation 
issues 

4.1. Optical 

The initial phase of the testbed comprises an optical 
backbone in a ring structure with three nodes, all of them 
situated in the town of Trento. One will be deployed in 
the data room of service provider, while two nodes will be 
placed in the laboratory of CREATE-NET as depicted in 
Figure 1. This temporary topology allows us to have a real 
operational optical ring connecting distant sites, while at 
the same time we have the possibility to use the link 
between the two CREATE-NET nodes for fine-grained 
control and experiments. The final network topology will 
depend on possible agreement of partnership with local 



service providers due to the high costs of optical 
networking. 

In June 2004 a Request of Interest (RFI) has been sent 
to a list of network supplier vendors in order to buy the 
first three core nodes of the network. Also a Request of a 
Quotation has been issued to service providers (including 
Alpikom SpA [13], the local service provider) in order to 
set up the optical connectivity needed for connecting the 
core nodes.  

The objective of this phase was to collect as much 
relevant technical and commercial information from 
potential suppliers as possible and also to explore the 
possibilities of cooperation. To accomplish this task, a 
Request for Information document was prepared which 
defined the objectives of our testbed, its desired 
architecture and main functionalities, and at the same time 
left a significant degree of freedom for suppliers to 
present different technical solutions and contribute to the 
testbed technical design. The idea has been to select 
different suppliers for each layer (optical, switching, and 
routing) in order to purchase the best of state-of-the-art of 
technology. So doing it will also be possible to conduct 
real integration and testing activities by providing a real 
multi-vendor multi-technologies testbed to partners.   

The set-up process of the testbed has made it possible 
to have a preferential channel in order to build working 
relationships with equipment vendors, and transform a 
customer-supplier relationship into a research partnership.  

4.2. Wireless 

Several aspects have contributed to the wireless 
testbed definition and to the selection process of different 
equipment vendors. 

First of all, regulatory issues impose constraints on the 
available operating frequencies of BWA equipment. The 
selection of WiMAX as the base technology for the 
wireless backbone was not obvious, as most of the 
products available now on the market work in the 3.5GHz 
frequency and European regulation put the 3.5GHz band 
in the licensed bands. 

Other non WiMAX compliant solutions are also 
available in the 5.4GHz band, which is a license exempt 
band. These kinds of solutions are typically suggested 
from BWA equipment vendors for Italy and are the 
solutions adopted from wireless service providers to start 
evaluating broadband wireless services. 

Nevertheless, since we are not aiming at any 
commercial use of the equipment, but instead at creating 
an experimental environment for our ongoing projects, we 
have decided to apply for a research license in the 3.5GHz 
band and to choose for WiMAX compliant equipment. 

The first step in the definition of the BWA has been 
verifying the matching between vendors and their product 

offering, on one hand, and the regulatory environment, on 
the other. Through this step we have identified a limited 
list of vendors, each one with its specific products and its 
specific features. 

While evaluating product specifications, we have taken 
into account the critical parameters derived from our 
specific needs. 

The University of Trento already has a WLAN testbed 
which covers small areas in several parts of the city and in 
the surrounding mountainous regions. Since the 
University is one of the main CREATE-NET partners and 
takes part in the testbed project, the wireless testbed has 
been considered as a natural evolution of the University of 
Trento WLAN testbed and several sites already available 
have been included in our implementation. 

In the first step the wireless part will be set-up to 
connect the CREATE-NET premise in Trento and the 
University of Trento premise in Povo based on WiMAX 
technology and complemented by WLAN access 
networks.  

It is intuitively clear that the NLOS features of 
WiMAX makes this technology appealing for our testbed 
and for connecting the remote sites of the already 
mentioned University of Trento WLAN testbed. NLOS 
features and reliability are therefore really important 
equipment characteristics when looking at products 
specification.  

Targeted services also determine equipment 
preferences. Not all the products available on the market 
provide the same level of flexibility and of customization. 
Depending on the type of service (i.e. VoIP, multimedia 
or plain data) some solutions may be preferred to another 
(meaning also cheaper solutions). Customer Premises 
Equipment (CPE) provides off-the-shelf solutions for 
integrating the WiMAX product with additional flexibility 
features to serve a variety of different customers. It is 
possible to purchase Voice Gateway CPEs for integrating 
voice and data (i.e. diffserv, H.323 SIP and other specific 
protocols) or Networking Gateway CPEs for providing an 
advanced router (i.e. integration with WLAN 802.11b/g, 
NAT, firewall). A matching between the requirements 
imposed by the projects and the CPEs available together 
with BWA equipment has been considered in this second 
step. 

Backhaul compatibility is also needed in order to 
connect the WiMAX wireless backbone to the optical 
backbone. 

Finally, we considered carrying out experiments at the 
physical layer. While WiMAX equipments now only 
supports the 802.16a PHY standard, it is also possible to 
find first (FPGA and SDR based) implementations of 
some 802.16e [14] features, an extension of the existing 
standard in order to support nomadic users (i.e. users 
walking around with a PDA or a laptop). Of course, these 



products will be extremely unstable and definitely not 
suited for reliable services experimentations. 

5. Summary and next steps 

We have shown that CREATE-NET testbed will 
combine and integrate advanced optical and wireless 
technologies, deployed in a real metro area environment, 
with on-demand, secure delivery of novel services to 
users.  

Its novelty and uniqueness lies in a number of features, 
including: (i) combination and tight integration of optical 
and broadband wireless technologies, (ii) inclusion of 
users conceptually as integral part of the testbed, (iii) 
testing WiMAX technology in NLOS specific to Trentino, 
(iv) serving as a small-scale model of a planned 
community network, (v) its openness to testing new 
service both within CREATE-NET and by third parties, 
and (vi) serving as the infrastructure for collaborative 
environment among CREATE-NET institutions and 
partners.  

The testbed deployment and development will be a 
permanent process in CREATENET in order to assess a 
state-of-the-art technologies infrastructure to all the 
partners, both to research and to industrial bodies. A 
group of full-time CREATE-NET employees and an 
appropriate budget have been dedicated to carry out all 
the activities related to the testbed. 

The testbed will be the framework of basically all the 
projects carried out by CREATE-NET that require a real 
life environment. 

Different potential partners (research centers, industrial 
companies, start-ups, etc.) have been identified as well as 
their interest in supporting the development and the 
operation of the CREATE-NET testbed. Initial contacts 
with them have been established. The testbed will be of 
fruitful value both for start-ups based in the Trentino 
region and for all the partners willing to cooperate.  
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