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Executive Summary

Customers, business partners and suppliers are all talking about next
generation networks and, by the same token, about convergence of
networks.

Both terms imply changes that will forever alter the market landscape for tele
and data network operators and services. The thrust for the next generation
networks is spurred by the unprecedented growth in one particular network
type — the IP-based Internet and its innovative service offering.

The growth in Internet traffic is an unrelenting force that is opening a vast
array of new information and transaction opportunities, both for end-users
using public tele and data communication networks, and for enterprises
using services that optimise and streamline their businesses. Common to both
is the concept of a network that supports whatever content and whatever
applications are necessary to satisfy their needs.

The issue of network convergence can mean very different things to different
people, however. This White Paper presents an overview of the development
in access, service creation and backbone transport telecom technologies created
by pressure from the packet-based networks.

These developments are giving birth to a tremendous number of new
technologies to enable next generation networks. In addition, the White
Paper discusses some of the main application categories and services that we
shall be seeing on this network type.

The focus is on the high-influence technologies and applications that can
benefit from the new technologies. The examples used are intended to provide
a common understanding of these technologies and the next generation
network that they are designed to support.

In particular, the paper focuses on the network operator perspective of
this based on the network model shown on page 5 by examining the next
generation access network, the next generation service layer and next
generation backbone solutions.

In conclusion, the White Paper focuses on the all-important need for testing,
measurement and monitoring solutions that are able to keep up with the
rapid rate of development within next generation network technologies.
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Convergence of Networks

Convergence of networks as a concept can mean a lot of different things
to many different people. The following are some of the most common
definitions.

Merging of voice and data networks and services

To most people, convergence means the merging of voice and data services
into one common (IP-based) network infrastructure. Melding of voice and
data is, however, not the same seen from the end-user and the service
providers perspective as can be seen in the following.

Integration of voice and data on a common platform and delivered to a
single device such as a PC, or an IP-phone

Until recently, most enterprises regarded integration of voice on the data line
between sites as a cost-reduction option, avoiding telephone charges for calls
within the enterprise. Now, however, the focus is shifting towards using voice
and data integration in order to boost productivity by using advanced solutions
such as unified messaging, Customer Relationship Management (CRM) and
advanced decision support tools. Thus, creating convergence within the
enterprise does not require convergence in the carrier network.

Transition from narrowband to broadband access technologies
Narrowband or single-use access lines can be converted into broadband or
multiservice access lines. Examples of these technologies are xDSL, which
enables a two-wire copper pair to provide broadband access with voice and
data channels, and cable modems which allow a subscriber to combine cable
television media with a high-speed data connection. In addition, second and
third-generation wireless technologies such as GPRS (General Packet Radio
Systems) and UMTS (Universal Mobile Telephone System) allow a wireless
phone user to access the Internet, the mobile telephone network, and someday,
wireless video. The access convergence does not require convergence at the
user site or in the rest of the network.

Merging of fixed and wireless networks, making all services independent
of access technologies

In essence, this means providing the same services independently of how we
access the network. A much "hyped" expression here is the wireless Internet,
allowing us to use IP-based services regardless of whatever terminal we are
using. Another example already available today is the use of cellular phones as
office phones using a virtual PBX service.



Making networks transparent to applications that we can buy, sell or use
Here, the focus is on de-coupling of service provisioning and technology,
allowing service to be carried and delivered across different network types.
This means that the service offerings of the new networks will enjoy the same
ubiquity as today’s telephone services.

Convergence of services, integrating voice, data and applications into
business solutions

Services convergence is the marriage of applications and multiple services
bundled as a single option. A service working between frame relay and ATM
users is one example of a converged transport service. Application service
providers similarly bundle end-user services such as applications, content
management, and network-derived functions including billing and transaction
processing. Such offerings are another example of services convergence.

Convergence is all of this and much more. In addition to the telecom arena,
it also has a major impact on enterprises as they re-engineer their businesses
to take advantage of the new opportunities.

Next Generation Access Solutions

The number of people using the Internet is growing rapidly. Users, however,
are becoming increasingly impatient with slow response and what seems like
an eternity waiting for web pages to load (in popular terms the WorldWide
Wait). At the same time, enterprises using advanced networking solutions
have to consider the restrictions provided by people who have access only by
dial-in lines. A simple way to improve performance, and hence user perception
of the quality of the solutions provided, is to increase the bandwidth of the
access lines.

Figure 1: Network model.
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Bundling

In addition to the increased bandwidth on the line, there is also a number of
offerings that bundle services through the same access line, e.g. by converting
the traditional single-service line into a multi-service line that offers traditional
voice services combined with data. This is achieved through bundling the
two services on the same line and separating them as they reach the user as
illustrated in Figure 2.
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Figure 2: Bundling of voice and data services.

The end-user device can, of course, be a combined terminal rather than two
different as illustrated above.

Examples of this type of service are xDSL for fixed networks, and the emerging
GPRS for wireless networks. Both use an existing infrastructure to add
broadband data services for the end-user. xDSL uses the existing two-wire
telephone line and GPRS utilises the existing GSM infrastructure. For
illustration GPRS is shown below.
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Figure 3: GPRS infrastructure.
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GPRS and xDSL

The GPRS infrastructure adds data network access to the existing infrastructure,
but bundles voice and data access through the existing access line. The existing
GSM infrastructure continues to manage verification and authorisation of the
user as well as the basic service. This requires some additional equipment in
the network, and a new terminal at the user end to un-bundle the services.

xDSL exploits the same principle by bundling data and voice, or several
voice channels, on the same existing cooper pair by using new equipment at
the user side and the network side. Again, however, control of basic user
services remains with the existing public phone infrastructure.

In the case of both xDSL and GPRS, new coding schemes (e.g. EDGE) will
provide some increase in the bandwidth, but at some point the bandwidth
available to the user will be limited by an infrastructure that was not designed
for broadband access.

Broadband from the outset

Systems designed for broadband from the outset are on their way. UMTS for
wireless is on the threshold, and other systems are already on the market,
such as cable modems for wireline systems.

In these cases, the user has to have a new type of access link that is designed
for broadband from the outset. The cable modem is restricted in the sense
that the system is designed primarily to deliver broadband distribution to
users. This means that users can download at high speed while uploading
takes rather longer. As IP users generally download more than they upload,
however, this is not a major problem.

As the UMTS illustration below shows, the addition of the new access lines
does not change much in the rest of the network. The intelligence and control
remain with the existing GSM network.

Figure 4: UMTS infrastructure.
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In general, the access bandwidth, and the conversion of single access line into
multi-service lines, can be achieved using upgrades, i.e. without major changes
to the existing service infrastructure. The fact that the increased access bandwidth
may simply give rise to bottlenecks in other parts of the network, without
resulting in any real gain for the end-user, is not going to have any affect on
end-user demands for bandwidth. Neither will it deter access providers from
promoting bandwidth as the key parameter. In the final analysis, end-users
will increase their focus on the Quality of Service (QoS) of the network.

The converged last mile:
Cable modem, xDSL, UMTS,  f————

GPRS

Figure 5: Multi-service connection resources but no service features.

Next Generation Service Framework

In the future, however, there will be no way to beat the service pressure from
the new high-speed access lines used to access the Internet. The importance
of the Internet is underlined by the network volume of data traffic compared
to voice traffic. Internet traffic is doubling every four months, while voice
traffic grows by a sluggish 6 - 9% annually. Data traffic volume has already
overtaken that of voice traffic, and it is expected that voice traffic will decline
to less than 8% of total network traffic by 2004. If current levels of growth
continue, the entire traffic on the Public Switched Telephone Network (PSTN)
may amount to less than one percent of the total network traffic volume
before 2010. This means that voice communication, the traditional core
business of telecom operators, is no longer the driver for network design.



Innovative services — the new drivers

Even though data traffic has become the network design driver, the driving
force behind the bottom line profit for operators is their Intelligent Network
(IN) and its associated services. Between 50% and 60% of profit is directly
related to providing intelligent services and there is no reason why this should
change in the future. Offering competitive services will remain the primary
business driver. The winners will not necessarily be those with the best
technology and the highest bandwidth. They will be those who provide the

most innovative services.

New applications and services

Ultimately, the wide deployment of IP will cause a wave of new applications
and services that will fundamentally change the way people use technology
to communicate using voice and data applications on a global basis. The
creation of an IP service infrastructure is thus of paramount importance. The
basic requirements are:

* Ubiquity of the service offering
Service to technology independence with one common service structure

across SS7 and IP

* Bandwidth & low price per bit
IP transport infrastructure

* Interoperability
Integration of several technologies such as TDM, IB, ATM, Ethernet, wireless

* Rapid evolution
Best of breed system design

* Flexibility

Open service interfaces

* Efficiency
Central control of the network

* Future proof
Scalable architecture
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A distributed architecture for the intelligent service layer of next generation
networks that meets these requirements is becoming the industry accepted
standard. This architecture is based on three components: Media Gateway,
Media Gateway Controller, and the signalling gateway. The model can be
viewed as the de-composition and distribution of the traditional switch
architecture as illustrated below:
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Figure 6: The gateway model.

Main advantages
In addition to meeting all the basic requirements, the architecture offers the
following main advantages:

* Distributed functionality allowing each part to be scaled on as need basis.
For instance, new gateways can be added, or the IP-network scaled, without
affecting the other components

* Open application development with a standard interface allowing the
operator to develop and implement services independently of equipment
vendors

* Best of breed components can be purchased and combined in the
networks as all interfaces are open and standard-based

* Price/performance optimisation by using IP technology and standard
computing platforms instead of proprietary vendor-dependent solutions

All standardisation bodies have accepted the architecture, and both ITU-T
and IETF have been working on the interface definition between the three
gateway components. The decomposed gateway architecture distributes the
call control functionality and the media processing functionality over different
network elements: the Media Gateway Controller and the Media Gateway,
respectively.

10
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Media Gateway Controller (MGC)
The main control of the IP service frame work is achieved with the MGC,
the "brain" of the new architecture.

Also known as the Call Agent or Softswitch, the MGC does the following:
e establishes and terminates sessions on the IP network
e maintains the state of all calls in the IP network and the resources allocated

* interfaces to databases on the IP and existing SS7 for user and service
profiles to provision the services and applications required

* provides address and protocol translation between the different elements
involved in the call

At the end of the call the MGC collects the information required for billing
from all network elements. The MGC has an open interface for billing and
customer care as well as for service.

Signalling gateway
The interface to the existing SS7 network is achieved through signalling
gateways. The protocols currently used for transporting SS7 over IP are

SIGTRAN and TALIL.

The signalling gateway converts between SS7 and SS7/IP transport. It
establishes and tears down SS7/IP links, and maintains the connection state
between the two networks, e.g. handling congestion control on the IP and
detection of session failures as well as maintaining the security integrity of the
session. Security is maintained using encryption.

The connection network shown in Figure 6 shows a signalling gateway
connection to an MGC. In another scenario, signalling gateways are connected
directly to each other across an IP backbone. By utilising IP technology, a
significant capacity upgrade for the signalling network can be achieved,
providing network operators with a simple way to add capacity in their IN
networks. A number of operators have already implemented SS7-IP solutions.

Resource allocation

Resource allocation on the IP network is achieved through gateways. The
main gateway control protocols are MGCP and MEGACO (MEGACO is
also called H.248) with MEGACO apparently gaining the upper hand.

11



* Media Gateway — A Media Gateway (MG) provides the media adaptation
function between networks, one of which is presumed to be a packet, frame
or cell network (for instance IP or ATM networks). For example, an MG
might terminate Switched Circuit Network (SCN) links to packetise the
media stream and deliver packetised traffic to a packet network.

An MG realises point-to-point connections and conferences, and supports
several resource functions. These functions include media conversion,
resource allocation (including reservation) and management, and event
notifications. The MG provides addressing, for instance, assigning a virtual
circuit identifier for an ATM or IP address and port for IP networks, as
well as E.164 on the circuit side.

The MG maintains knowledge of all resources available and, in the event of
occupied links on the SCN side or congestion on the ID, it ensures that
connections are handled in an appropriate way, depending on their priority.
At the end of the call, the MG provides usage and QoS information for
billing purposes to the MGC.

* Trunking gateway — A specific implementation of an MG converting
between SCN transmission media and transmission, and ATM AAL1/2 or
IP RTP. The trunking gateway is used if the traffic on the line is associated
with an SS7 control line as shown in Figure 6.

* Access gateway - An access gateway is a combination of a signalling
gateway and a trunking gateway used for ISDN or CAS, where the
signalling is embedded into a TDM signal. The access gateway supports the
associated signalling such as DTMF or PRI signalling, and is able to extract
control information and send it to the MGC.

The model provides the solution for integrating SS7 and IP networks and
will primarily be the solution for existing operators or operators who need to
interface with existing SS7 networks. The architecture allows use of existing
IN-based services from the telephone network with the option of moving
parts or all of the new services to IP. The architecture retains control of the
intelligence with the operator.

This translates into the following addition of service layer functionality to
our network model:
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The service creation layer:
Creation point for all billable

services by adding features to
connection resources and
transport facilities.

Traditional model:
IN/AIN/SS7

New gateway model:
MGCP/MEGACO/SIP/SS7-IP

Figure 7: The service layer.

Next Generation Transport Layer

Figure 8 shows a picture of the next generation network with a central IP
network interfacing to the existing network through gateways.

Figure 8: Next generation network.

In the centre of the network, capacity demands are unrelenting. The access
bandwidth is increasing and more and more people are on-line. In themselves,
none of these factors poses any major problem. But their combined effect,
together with the fact that Internet users are accessing web sites all around
the world and exchanging large attachments in their e-mails, is resulting in an
exponential growth in the bandwidth requirement in the backbone network.

13



Figure 9 shows a typical backbone scenario today with a combination of
IP, ATM, SDH and optics to ensure provision of a network service with the
quality we all take for granted.
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Figure 9: Typical backbone scenario.

IP and optical technologies are most cost-effective

The combination is, however, not very bandwidth-efficient. Each layer adds
overhead, thus wasting bandwidth, and to achieve additional capacity, equipment
has to be upgraded on each layer. A closer look at the different technologies
and the associated learning curve in Table 1 reveals also that IP and optical
technologies are the only options tracking bandwidth demand in a cost-eftective

manner.
Networking technology Performance/price ratio
doubling period
DWDM technology 10 months
Commercial computing 18 months
IP technology 20 months
ATM technology 40 months
TDM-circuit switching 60 — 80 months

Table 1: Price/performance ratio doubling periods of various networking technologies.
Source; Bell Labs Technical Journal, April B June 1999 pp.178, DWDM is estimated by Level 3
and presented at VON 099.

The result is a trend in backbone network technologies towards an IP over
Dense Wavelength Division Multiplexing (IP-DWDM) with Packet over
SONET&SDH (PoS) as the first step on the way. In the following we will
take a closer look at the emerging optical and IP layers.
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Transparent transport layer

The emerging optical layer is a transparent transport layer that will carry any
type of traffic, ATM, IP SDH, SONET. It is completely independent of the
traffic using the bandwidth that it provides. This means that operators can
offer customers bandwidth without concerns to the content format.
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Figure 10: Transparent optical layer.
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Optical network layer

The optical network layer is built using a few highly advanced building
blocks of which the optical amplifier is the most significant. The advent of
efficient optical amplifiers was the seed of the entire evolutionary process
towards the all-optical network.

* Optical amplifier. The optical amplifier allows the amplification of optical
signals directly without having to convert the channel back to an electrical
signal. The optical amplifier is completely transparent to the content of the
channel and allows multiple channels to be amplified at the same time.
This provides the basic building block for a transparent optical network layer

* Optical multiplexer & de-multiplexer. The optical multiplexer allows
several wavelength channels to be combined onto a single optical fibre

* Optical Add Drop Multiplexer (OADM). This comprises the optical
equivalent of the basic SONET&SDH network building block. It allows one
or more wavelengths to be dropped and added from an optical fibre, based
on a combination of optical multiplexers and optical amplifiers

* Optical Cross-Connect (OXC). Provides the optical equivalent of the
SDH&SONET cross-connect. Allows optical bandwidth provisioning by
allowing optical channels to be connected transparently from one fibre to
another, based on optical wavelength routers. Solutions today are based on
some kind of reflective device in silicon

15



Figure 11 shows the different building blocks, including OXC and optical
add-drop functionality.

These components provide operators today with the basis for a transparent
configurable optical network layer where bandwidth can be provisioned
between two end-points. This allows the optical layer to handle some of the
basic functionality that in traditional networks was provided by the

SDH&SONET network layer.
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Figure 11: Optical network layer.

Management layer

The current trend in the optical network layer is to provide more efficient
optical provisioning with the addition of a management layer. At the same
time, restoration is becoming possible through increasingly capable OXC and
OADM, providing both ring and meshed network restoration. With restoration

and provisioning, the optical layer will offer all of the functionality previously
provided by SDH&SONET.

The result is the emergence of a true new network layer, with an optical layer
providing the provisioning and restoration previously provided by
SDH&SONET and allowing bandwidth to be provisioned end-to-end in
terms of optical wavelengths. In addition, the optical layer provides transparency
to the data format, resulting in an optical core network that does not need to
be upgraded, even as the demands of network interfacing customers evolve.

Two other trends are a significant increase in the capacity of the optical layer
and very long distances. The increase in capacity is achieved by increasing the
number of optical channels on each fibre and the capacity of individual channels.
The increased transmission distance is achieved through Forward Error
Correcting coding and increasingly advanced optical components in the network
§ elements to compensate for noise and signal distortion.
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Additional layer to handle switching

The wavelengths provisioned and handled by the optical layer provide a
capacity that is too big for most users. On the other hand, connection
switching is too slow. This necessitates a layer on top to partition and handle
the fast changes in actual bandwidth and connections. This is currently the

IP&ATM layer with signs of a move towards the IP-DWDM solution.

Multi-Protocol Label Switching
Today, IP provides the addressing while ATM adds QoS. The trend for the IP
layer is to incorporate the QoS parameters. A number of different schemes

has seen the light of day, but the current best candidate is Multi-Protocol
Label Switching (MPLS).

Traditional IP networks have used a hop-by-hop approach for routing, ensuring
an end-to-end approach to IP network routing and QoS allocation. The

downside of the hop-by-hop approach is the heavy processing needed at each
node. MPLS has become the solution for those looking to convergence on IP.

From the carriers’ perspective, the efficient utilisation of expensive network
assets is the key to profitability. The traffic engineering capabilities of MPLS
allow carriers a degree of control over the network’s behaviour that conventional
IP technologies do not.
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Figure 12: Label switching system.

As illustrated in Figure 12, labels are attached to the packets at the edge of
the network. The switching device reads the label on arrival of the packet and
routes the packet according to the information provided in the label.

17
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For this scheme to work, the switch reading the label must be able to identify
it and know how to route the different packet types in advance. This is
achieved by maintaining a forwarding table in the device for the different
labels, a process similar to ATM switching in which each switch has a routing
table determining to where cells are to be forwarded, based on the content of
each cell-header. In other words, the IP layer “borrows” this idea from ATM
in order to provide the QoS classes that are needed to realise the vision of
one network for all traffic.

The mechanism used to build the routing tables and to ensure end-to-end
QoS flows in IP network is the Resource Reservation Protocol (RSVP). This
protocol enables the definition of end-points with appropriate allocation of
network resources, thus establishing the basis for label distribution, and also
allows for specific routes to be chosen for specific QoS classes.

In summary MPLS provides:

* QoS as a routing parameter
MPLS enables route selection based on a QoS requirement

* Low latency
Routing devices need only to read the label in order to route packets. This
minimises processing requirements at each node, thus ensuring a very low
latency

* Scalability
All label information regarding each packet is established at the edge of the
network, providing a clear separation of routing within a domain and
between domains. This allows for a routing set-up that is much easier to
scale

Additional MPLS benefits

Some of the other advantages of MPLS seen from a network perspective are:
* MPLS support for Virtual Private Networks (VPNs)

Many organisations use private networks based on leased lines connecting
multiple sites. VPNs are an emulation of these private networks across
carrier facilities in such a way that each user perceives himself to be
running on a private network. MPLS is an ingredient in building such
networks in which MPLS labels can be used to isolate traffic between VPNs

* Significant cost reduction
Basing switching on labels significantly reduces the requirement for processing
power in the individual nodes, leading to significant cost saving in each node

* Simplification
There is a clean separation between control and forwarding functions. Each
part can evolve without impacting the other, thus facilitating network
evolution

18
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The core transport layer:
DWDM, IP large traffic

handling capacity.
MPLS resource allocation for

QoS.

Figure 13: The network layer.

Building a backbone based on IP and DWDM with a QoS mechanism as
MPLS and RSVP on top the operator will realise the scaleable high capacity
transport network that is needed to support the demand for bandwidth seen
in next generation networks.

Next Generation Networks Summary

The model followed so far describes the network infrastructure, access,
intelligence, and bandwidth. But what is its purpose? What is going to run
on top of the next generation network infrastructure?

Two main trends are apparent: content delivery or appliance networks, and
the unified network model.

Content delivery and appliance networks

In the content delivery and appliance networks scenario, people use the
network to access services and applications provided via the network. Examples
of content-specific applications are streaming media, e-commerce and
on-line trading. Examples of appliance networks are groupware offerings
from web-based service providers such as shared servers on the web or video
conferencing with on-line document sharing.

Unified networks

Unified networks are typically used by enterprises to provide integrated solutions
based on both voice and data, together with applications that support the
business model of the company.

19
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Examples are CRM systems and unified messaging solutions where e-mail
and voice mail are integrated and accessible across the enterprise. The latest
trend is enterprise portals that enable employees to access these services together
with information and messaging through IP-based VPN solutions.

The drive is to increase productivity and streamline the business model of the
enterprise by leveraging the new opportunities provided by next generation
networks.

The Hunt for Test, Measurement and
Monitoring Solutions

With users clamouring for more bandwidth and smart network operators
pushing ahead of competitor offerings with more and higher-quality content,
it is easy to overlook the pivotal factor that determines overall quality of
service.

Inaccurate feedback, incorrect interpretation of feedback, or even having the
plug pulled on a network or Operation Support System (OSS) because of
missing or wrong information can mean a disaster for you and your business.

The need for reliable, accurate and fast test, measurement and monitoring
solutions cannot be ignored.

Service content

Network operators deal with a wide variety of customers ranging from
sophisticated enterprises and other telecom operators to ISPs and Fortune
1000 companies with very heavy and constantly increasing demands on their
service performance.

Each of these customers is asking for a wide range of services ranging from
basic circuits to private lines and enhanced data services. They are all customers
who demand Service Level Agreements. These may entail simple availability
statistics or more advanced traffic or signalling-related measures that the
network provider needs to capture and document in order to provide network
and service performance information to customers. If one network provider
does not do it, he can be sure his competitor will.

20
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Technologies are changing fast...

Networks are expanding fast, technologies are converging, equipment platforms
are changing rapidly, and carriers are merging. Having the right tools to keep
the network operational is a mission-critical factor. But to compound the
challenge, more and more network components are being designed by an
ever-increasing number of vendors.

Things are rapidly approaching a point where everyone in the industry is not
only facing some sort of test and measurement limitation, but also finding
that the test and measurement strategy they developed 1 to 2 years back is
already totally obsolete.

Technologies are changing so fast that operators are finding it extremely
difficult to localise the features they need for their OSS. No matter what new
content or speed features may be attached to a network, appropriate test and
measurement solutions are vital in order to ensure customer loyalty and low
churn rates by keeping the network running constantly at peak performance.

... and so are customers

Networks may be changing at breakneck speed, but customers are changing
even faster. Today, customers are demanding self-service and on-line access to
QoS, billing and customer profile data. This is already a far cry from the old
world where everything to do with service and provisioning rested in the
hands of the operator. But things are not likely to stop there with customer
demands being driven by those of their own clients in an environment where
supply chains are becoming more and more transparent.

Standards in a multi-vendor market

Test and measurement issues affect not only network operators with legacy
systems. New network operators with an entirely packet-based network face
the same challenges, albeit with a different flavour.

Connectivity and interoperability of networks and systems suddenly become
an issue as standards turn out to be not quite as standard as had been assumed
and interoperability not something that suppliers are very eager to guarantee.

Even a state-of-the-art packet based network has to connect to the traditional
telephone network to provide access to customers. Here, interworking
between traditional and new IP-based networks challenges interworking with
the SS7 network. The SS7 network already has all the intelligence for call
set-up and advanced service features, and these do not have to be duplicated
just because you are implementing a Voice over IP network.

21
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Multi-partner interconnection

In addition, there is a trend towards an increasing number of more and
specialised operators. This results in a growing number of interconnections
between different networks, providing yet another layer of complexity. And
what do operators know about the people they are interconnecting to? Does
the network operator ever consider that any problems in his or her network
and its impact on his or her customers may not at all originate from the
network operator himself, but from one of the interconnect partners? A
partner interconnection could take links or nodes down or even crash the
entire network!

About GN Nettest

Founded in 1971, GN Nettest is a wholly owned subsidiary of GN Great
Nordic, based in Copenhagen, Denmark, and with sales offices in several
countries, including the USA, the UK, France and Germany. The company
employs approx. 1,300 research and development, engineering, sales, and
administrative staff.

GN Nettest is a leading worldwide supplier of test and measurement equipment,
systems and related services designed to optimise communication network
performance. The company develops, manufactures and markets testing
equipment and management systems for optical networks, and for datacom
and telecom service networks, meeting the needs of carriers, enterprises,
network equipment providers and communication research laboratories.

GN Nettest’s products and solutions enable provisioning, troubleshooting
and performance optimisation in today's most complex and hybrid networks.
All GN Nettest testing equipment and solutions are based on the very latest
user-friendly, cost-effective, and scalable technology to ensure long-term
investment value and low cost of ownership.

The mission of GN Nettest is to provide Total care for networks, both for
next generation networks and existing ones. The company provides solutions
for technologies and networks through the entire lifecycle from laboratory,
through development and installation, to daily network operation. GN
Nettest solutions address all parts of the network from access through backbone
to service layers, enabling operators to track services across the entire network.
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Most network customers, however, do probably not worry about specific
parts of the network. They want information regarding the QoS, regardless of
how it is delivered and implemented. That is why GN Nettest also makes it
its business to leverage the company’s in-depth understanding of networks
and technologies to support daily network operation with intelligent operation
and business solutions. For most network customers, the best network is the
one they do not even know is there. GN Nettest helps network operators
achieve that level of service and stay there, regardless of their type of network
solution.

GN Nettest (Canada) Inc.
55 Renfrew Drive, Markham, ON L3R 8H3 Canada Tel (905) 479-8090 Fax (905) 475-6524
Toll Free 1-800-465-9400 Email: info@gnnettest.com Web.: www.gnnettest.com

GN Nettest (Boston) Inc.
63 South Street, Hopkinton, 01748 MA USA Tel (508) 435-3800 Fax (508) 435-0448
Toll Free 1-800-233-3800
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