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The step by step approach taken by
Voyager Networks ensures that the
correct technology and security
measures are adopted for each 
customerÕs specific WAN requirements.

This document has been created 
to provide customers with a good
understanding of the principle 
WAN technologies, and covers
some of the services currently 
available today. 

Voyager provide in-depth site 
surveys and consultancy to best
address and report on all the issues
raised within this document, providing
sound advice and guidance based
on our extensive experience within
WAN deployments.

Each of the technologies addressed
in this report will have their positive
and negative points when addressed
to your specific requirements. The
document is designed to be a starting
point to establish which technology
will provide the best fit for 
your organisation. 

Voyager Networks IPconnect provides 
customers with a comprehensive set of 
documentation and procedures for 
implementing Wide Area Network 
(WAN) connectivity. 

introduction to IPconnect

peace of mind with IPconnect
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helping you create
wider networks from
office to home
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There are two types of ISDN: 

ISDN 2e or Basic Rate Interface (BRI) is
ideal for small businesses that need two 
or more normal telephone lines to handle
their communications. Each ISDN 2e provides
two channels of ISDN, each operating at
64Kbps. You can bond the channels
together to achieve 128Kbps speed. 

ISDN 30 or Primary Rate Interface (PRI) is
ideal for medium to large businesses. It 
provides eight or more channels of ISDN,
each working at 64Kbps. It is ideal for call
centres, where clear lines and fast dialling
are vital. It is often used in conjunction
with Direct Dialling In (DDI), which allows
individual extensions to have their own
numbers, enabling customers to talk to
the right person straight away.

ISDN 30 also supports many data 
applications, for example, providing 

connectivity at the central site for satellite
offices linked in with ISDN 2e or for dial-up
modem connectivity.

ISDN was the principle method for remote
access and remote site WAN connectivity.
The use of ISDN2 is now limited to small
site PSTN breakout, WAN back-up circuits
for primary leased line connections and
remote site connectivity for low data use
or areas unable to connect to broadband
DSL services.

ISDN30 is still the primary method for
PSTN breakout and is still used for PSTN
remote dial-up connectivity as it provides
up to 56Kbps data rates using V.90 modem
technologies. Again very few organisations
use ISDN30 for WAN connectivity because
of the high price payable if the line is
always active.

integrated services digital network - ISDN

ISDN uses digital signals as opposed to analogue (your normal phone line
uses analogue). This means that it is ideal for carrying data and provides
excellent quality speech lines.

private circuits (leased lines)

If you are in touch with the same locations 
regularly or for long periods (approximately
5-6 hours), then linking these locations
through Private Circuit Services, instead of
over the public network, could result in 
substantial cost savings.

This is based upon public network charges
being usage-based, whereas Private
Services are leased for a fixed tariff,
regardless of how much they’re used.

A typical example of a Private Circuits or
leased lines provider is BT who can 
provide a wide range of Private Services 
at transmission speeds, from 2.4kbit/s to
622Mbit/s, to cater for all applications.

Applications

The type of Private Service that’s right for 
you will depend upon the volume and kind
of information you need to transmit and
the speed at which you want to relay it.
Typically BT’s Analogue Private Services
are suitable for low-volume voice or data
applications. For example, they can 
connect telephones to telephones, so the
instant one party picks up their handset,
the phone at the other end rings. This kind
of efficiency is essential in the financial
services marketplace, when seconds can
make the difference between big profits
and big losses. If, on the other hand, your
requirement is for a mix of voice, data and 

video, and if your data applications are
time-critical (such as voice over IP) and
high volume, you should consider the
merits of BT’s Digital Services.

Kilostream 

Inherently reliable, KiloStream circuits are
ideal when contact needs to be maintained
with the same locations regularly, or 
for long periods of time. They offer 
transmission speeds from 2.4kbps to 64
kbps and a range of interfaces, including
X.21 and X21 (V.24 and V.35).

continued overleaf >

They are permanently-connected communication links dedicated for your
exclusive use. They offer instant or constant access between any of your
locations on a one-to-one basis. There are data-only services, voice-only
services, as well as services that combine voice, data and video.

B-Channel (64Kbps) Data

D-Channel (16Kbps) Signalling

B-Channel (16Kbps) Data

Upto 30 B-Channel (64Kbps)
Data. D-Channel (16Kbps)
Signalling upto 2.048 Mbps
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Inverse multiplexing is a term that describes a
scalable wide area access solution that is
essentially the opposite of traditional 
multiplexing. With traditional multiplexing, 
multiple data streams are combined and 
transmitted together over a single high-speed
circuit. Inverse multiplexing, on the other hand,
uses multiple circuits that act as a single channel
to transmit a high-speed data stream. Because
the term Òinverse multiplexingÓ is a bit unwieldy,
the shorter terms Òinverse muxingÓ and 
ÒimuxingÓ are frequently used.

Allowing multiple circuits to be aggregated 
without a negative impact on the router processor
and using ATM cell based technologies over the
link ensures maximum throughput at faster speeds.
The ATM or cell based transfer of information is
transparent to the users and is only used
between the router WAN ports.

Typically IMA modules enable the aggregation
of up to eight E1 WAN circuits, which are seen
as one logical pipe.

Kilostream continued

KiloStream N circuits offer a range of bandwidths,
in 64kbit/s increments from 128 kbps to 1024
kbps. Key features include high quality 
transmission, performance and reliability with
nationwide coverage. The circuits provided are 
monitored for break of service alarms. Each
KiloStream N circuit has two "local ends" that
connect the customer premises at each end of
the circuit to the BT network at BT exchanges.
Except where both local ends are terminated at
the same BT exchange, they are connected
through the BT network by a Ômain linkÕ.

Megastream

MegaStream 1 is a 1Mbps (1024kbps) 
high-speed permanently connected point to
point private circuit and operates as above.

MegaStream 2 is a 2Mbps high-speed 
permanently connected point to point 
private circuit.

MegaStream Genus is a high availability service
which is supplied at speeds of 2, 34, 45, 140,
and 155Mbps. Service delivery is over highly
resilient Synchronous Digital Hierarchy (SDH)
technology. This self-healing fibre optic 
technology enables faults to be detected and
information re-routed in milliseconds, providing
a fully protected and resilient platform to 
transport data.

Benefits

nPrivate circuits are lines dedicated to a 
company’s exclusive use. They are invaluable 
for businesses that are in touch with the 
same locations regularly or for long periods, 
needing a fast, efficient and dependable 
communication channel for collecting and 
distributing information.

nBT private circuits guarantee instant 
connection, no dialling, no waiting, no 
engaged signals, making them reliable, 
efficient, flexible and secure. Most of 
the circuit products can be used for 
voice and data transmission. 
International private circuits are also 
available to over 100 other countries - 
and growing.

nMany companies find them economical as 
one fixed fee covers the annual rental, 
regardless of how often they’re used, thus 
enabling businesses to budget and forecast 
more accurately, improving the overall 
efficiency of day to day operations.

inverse multiplexing over ATM (IMA)

Technologies have been created to aggregate multiple leased lines to present
increased WAN bandwidth. The advantage of this is organisations can 
upgrade a current point to point connection without the cost and disruption
to service by having to install or upgrade to a larger single circuit. 

private circuits (leased lines) continued
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New 2Meg Leased 
line can be added

increasing the total
bandwidth available

8Meg IMA
Circuit

2Meg Existing
Leased Line

4 to 8 port IMA
module within 

each Router

site bsite a
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As with most BT services they are currently going through a face lift and will be referred to as
Wholesale Extension Services (WES) in the near future.

Short-haul data services (SHDS) for Ethernet LANs

The choice of which particular service is most appropriate is based on the distance between the
sites in question and speed of the LAN. Each service provides connectivity between two sites;

LAN extension services (LES)

LAN Extension Services are dedicated optical fibre cables with Network
Terminating Equipment (NTE) at either end of each link, into which you
simply plug your network equipment. Based on Short-Haul Data Services,
(SHDS) which within a Voyager proposed solution employs BT’s broadband
point-to-point data services. SHDS have been providing reliable, cost
effective LAN interconnectivity for many of the UK’s leading financial, 
commercial and Government institutions.

LES 1
Interconnects two 10Mbit/s Ethernet LANs through a repeated

link. The maximum recommended distance between sites is

1km. However, depending on the LAN design, this can

increase to 2km.

LES 2
Interconnects two 10Mbit/s Ethernet LANs conforming to the

ISO8802.3 specification, using customer owned local hubs,

switches or routers. The maximum recommended distance

between sites is 3.5km.

BT LES10LR

Interconnects two 10Mbits/s Ethernet LANs using your own

local hubs, switches or routers.  Maximum recommended

radial distance between sites is 3.5km.

BT LES 10

Interconnects two 10Mbits/s Ethernet LANs over radial 

distances of 25km between sites.

BT LES 100

Interconnects two 100Mbits/s Fast Ethernet LANs over radial

distances of up to 25km between sites.

BT LES 1000

Interconnects two 1 Gigabit Ethernet LANs over radial 

distances of up to 25km between sites.

BT LES1000ER

Interconnects two 1 Gigabit Ethernet LANs over radial 

distances of up to 35 km between sites.

BT LES 2500

Interconnects two 2.5 Gigabit Ethernet LANs over radial 

distances of up to 25km between sites.

BT LES 10000

Interconnects two 10 Gigabit Ethernet LANs over radial 

distances of up to 25km between sites.

BT LES 155

Provides 155Mbits/s STM1/OC3 paths between two (or more)

sites radial distance 25km, enabling the connection of ATM

based equipment.

BT LES 622

Provides 622Mbits/s STM4/OC12 paths between two (or more)

sites 25km radial distance, enabling the connection of ATM

based equipment.

Wavestream Connect

Based on Dense Wavelength Division Mulitplexing (DWDM)

technology. Transparent point to point optical fibre links,

capable of supporting any protocol, allowing one fibre link 

to be split into 32 transparent channels, each capable of 

supporting a different protocol.

LES circuits will normally only be available to sites located within the same local exchange,
although it is possible to bridge between exchanges in some cases. These circuits can be cost
effective if an organisation wishes to have large data transfers between two principle sites 
e.g. a DR facility. The increasing requirement for higher bandwidth based upon centralised 
applications, services and convergence makes LES circuits within a metroplitan WAN environment
cost effective. One of the key market sectors taking advantage of LES connections are NHS Trusts
who need to distribute and provide high bandwidth applications to connected sites within a
localised geographic area.

simple effective 

network solutions

>



A B

C

D

An organisation can select a level of 
service quality, prioritising some frames
and making others less important. 
Frame relay is offered by a number of
service providers, including BT with their
FrameStream product. 

Frame relay complements provides a
mid-range service between ISDN, which
offers bandwidth at 128 Kbps, and
Asynchronous Transfer Mode (ATM),
which operates in somewhat similar
fashion to frame relay but at speeds from
155Mbps or 622Mbps.

Frame relay is based on the older X.25
packet-switching technology which was
designed for transmitting analogue data
such as voice conversations. Unlike X.25
which was designed for analogue signals,
frame relay is a fast packet technology,
which means that the protocol does not
attempt to correct errors. When an error
is detected in a frame, it is simply

Òdropped.Ó (thrown away). The end
points are responsible for detecting and
retransmitting dropped frames. (However,
the incidence of error in digital networks
is extraordinarily small in relation to 
analogue networks). 

Frame relay is often used to connect
local area networks with major 
backbones as well as on public wide
area networks and also in private 
network environments with leased lines
over E-1 lines. It requires a dedicated
connection during the transmission 
period. It’s not ideally suited for voice 
or video transmission, which requires a
steady flow of transmissions. However,
under certain circumstances, it is used
for voice and video transmission. 
Frame Relay is a Point to Point (& 
Multi-point) Connection technology
using Access Pipe to terminate the
frame relay service into a site.
Permanent Virtual Circuits (PVC’s) are

what actually connect the site together
and multiple PVCÕs can exist within a 
single Access Pipe.

The Access Pipe can contain Multiple
PVCs which acts like a leased line 
within the Access Pipe to provide
defined point-to-point connections. Each
PVC has a Committed Information Rate
(CIR), which is the base line or average
bandwidth subscribed to, per PVC and 
is what you pay for. This bandwidth is
typical up to 2Mbps and is not distant
dependant (within UK). It is possible to
burst above the CIR up to the Peak
Information Rate (PIR) but you will be
charged to do so. The PIR is fixed
according to the service provider.

frame relay

Frame relay is a telecommunication service designed for cost-efficient data transmission for 
intermittent traffic between local area networks (LANs) and between end-points in a wide area 
network. Frame relay puts data in a variable-size unit called a frame and leaves any necessary
error correction (retransmission of data) up to the end-points, which speeds up overall data
transmission. For most services, the network provides a permanent virtual circuit PVC, which
means that the customer sees a continuous, dedicated connection without having to pay for a
full-time leased line, while the service provider figures out the route each frame travels to its
destination and can charge based on usage.

>
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permanent virtual
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frame relay

access pipe

PIR = access 
line speed
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PIR

CIR

CIR set to average
required throughput
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PIR = Peak Information rate
CIR = Committed Information Rate
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ATM is a dedicated-connection switching technology that organises 
digital data into 53-byte cell units and transmits them over a physical
medium using digital signal technology. Individually, a cell is processed
asynchronously relative to other related cells and is queued before being
multiplexed over the transmission path.

Because ATM is designed to be easily 
implemented by hardware (rather than software),
faster processing and switch speeds are 
possible. The pre-specified bit rates are either
155.520 Mbps or 622.080 Mbps. Speeds on
ATM networks can reach 10 Gbps. Along with
Synchronous Optical Network (SONET) and 
several other technologies, ATM is a key 
component of broadband ISDN (BISDN). 

ATM technologies were once the standard for
high speed data networks as the then Ethernet 
standards could only provide speeds of
10/100Mbps. ATM was used with LAN and WAN 
environments to provide end to end high speed
networking. Now Ethernet offers 1000Mbps and
even 10Gbps networking speed, the use of ATM
has almost disappeared within LAN environments.
The use for ATM over the WAN seems to be
used more for international connections or
major carrier backbones. (*see diagram)

CellStream

CellStream is BT’s advanced ATM service that is
designed to transform your communications
network from a utility into a strategic asset.
CellStream can cost effectively combine voice,
video and data applications over a single 
network infrastructure at access speeds of
between 2Mbit/s and 155Mbit/s.

CellStream is delivered as a single physical
access connection between your site and BT’s
network. PVCÕs provide the connectivity
between the sites you select, are created in
software and configured remotely.

You can also increase or decrease the 
bandwidth for individual applications quickly
and easily, as well as increase your overall
bandwidth on your access circuit.

Connections to a number of BT’s Internet access
services, such as BTnet and BTnet Dial IP, can
be provided at a low incremental cost to create
a total remote access solution. Moreover,
CellStream offers full inter working with
FrameStream (BT’s Frame Relay service), 
making it easier to connect your branch sites
with your key sites.

continued overleaf >
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asynchronous transfer mode (ATM)

CellStream continued

To give you maximum flexibility when designing your network,
there are four CellStream access options:
nCellStream Standard

Available at 2Mbit/s and 34Mbit/s and delivered over PDH 
technology (cost-effective if you do not require the more 
resilient secure options).
nCellStream Metropolitan

Available at 34Mbit/s and 155Mbit/s within a 10km radius of 
the nearest ATM switch.
nCellStream Secure

Available at 34Mbit/s and 155Mbit/s and delivered over BTÕs 
highly resilient SDH network.
nCellStream Secure+

Available at 2Mbit/s, 34Mbit/s and 155Mbit/s. Offers the very 
highest levels of resilience and availability over BT’s SDH 
network, with no common point of failure at your sites 
or across the BT network.

CellStream supports different applications using PVCÕs. You can
choose the bandwidth of your PVC’s from 5Kbps to 149Mbps, in
1kbit increments. Traffic descriptors can be chosen for each of
the PVCÕs to match the requirements of the application running
over them. These fall into two categories:
nConstant Bit Rate (CBR) for real-time applications, like PABX 

interconnections and video conferencing.
nVariable Bit Rate (VBR) for non real-time applications, like 

TCP/IP applications supporting an Intranet. VBR+ is a variant 
on VBR, which extends network parameters and allows, in 
some instances, additional traffic to be sent to the network.

Access options

The CellStream service interface conforms to the ATM 
Forum V3.1 standard and is UNI 3.1 conformant.
Access speed Interface per connection:-
n2Mbit/s G.804 framing & G.703 electrical interfaces
n34Mbit/s - G.804 framing and G.703 

electrical interfaces
n 155Mbit/s STM-1 - Optical interface conformant 

to G.707, G.708 and G.709

A number of service providers now provide IP
Virtual Private Networks (VPNÕs) which provides
organisations with the ability to implement fully
meshed WANs over an IP based secure 
VPN network.

The large investment by the main carriers to produce large scale
national and international networks, provides the opportunity to
connect all office locations at a fraction of the costs associated
with traditional leased lines. The introduction of Multi Protocol
Label Switching (see next page) ensures the fast delivery 
of voice, video and data over a secure VPN environment. This
has great advantages when offices are located throughout the UK
and in some cases globally. The fully meshed topologies make it
an ideal infrastructure for disaster recovery or multiple 
peering points.

The following page details BTÕs 
MPLS IP VPNÕs service.

IP virtual private networks
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IP Clear is BT’s Internet Protocol Virtual Private Network service, aimed 
at corporate customers and systems integrators. The service enables
organisations to link geographically dispersed sites throughout the UK
into a secure, flexible corporate network, so that applications and 
information can be shared quickly and efficiently. 

Any-to-any connectivity

Unlike traditional VPNs (which
use ’point-to-point’ connections
or Permanent Virtual Circuits),
IP Clear runs over BT’s Multi
Protocol Label Switching
(MPLS) network which is 
Òconnectionless.Ó This makes
it simple and cost-effective to
create fully meshed networks,
whereby any connected site
can exchange information
directly with any other 
connected site. This eliminates
the need to pre-configure and
manage routes, or to 
pre-determine traffic flows 
and bandwidth requirements.
*please see note.

Integrated dial access

IP Clear provides an integrated
dial access option, enabling
teleworkers, mobile sales 
people or small branch sites to
dial into the corporate network
via PSTN, ISDN or a mobile device.

Unbundled

No routers included. IP Clear
provides unbundled access to
an IP VPN suitable for handling

the complex and corporate
needs of a large organisation.
Because the access is unbundled,
you will not be constrained by
the kind of predefined router
configuration often specified in
a bundled offering. Instead,
you can use your existing
equipment to create your new
network or Voyager can supply
terminating equipment as part
of the design, implementation
and management of the WAN.

Increased cost-effectiveness

Because IP Clear is 
connectionless, there are no
usage based PVC charges, 
and it is cost-effective to 
build a fully meshed network,
whereby all sites can interact
over the IP VPN.

Greater scalability

IP Clear can support thousands
of sites in one network, so
should your business be
expanding and adding new
sites, or merging with other
organisations, you can be sure
that all sites can connect into
the corporate network. As IP

Clear and IP-enabled
CellStream, FrameStream and
SMDS sites can work together
seamlessly, any investment
already made within a WAN
can still be utilised. It is also
possible to have scalable access
to the IP VPN with a range of
bandwidths from 56 kbps (dial)
to 622 Mbps (CellStream).

Improved resilience

Because traffic is routed via
BTÕs MPLS network, it will
reach the required destination
by any possible route. So
should a fault occur at any
point in the network, your 
traffic will simply take a 
different path to its destination.
If you choose to host 
applications and content at a
variety of sites there is less
risk of a disaster at one 
location severely disrupting
your organisation. In addition,
applications can be switched
between host systems for
maintenance or upgrades,
without having to reconfigure
your network. Instead, the traffic
will be automatically redirected.

*Note:
Multiprotocol Label Switching (MPLS) is a standards approved technology for speeding up network traffic flow and making
it easier to manage. MPLS involves setting up a specific path for a given sequence of packets, identified by a label put in
each packet, thus saving the time needed for a router to look up the address to the next node to forward the packet to.
MPLS is called Multiprotocol because it works with the Internet Protocol (IP), ATM, and frame relay network protocols.
MPLS allows most packets to be forwarded at the layer 2 (switching) level rather than at the layer 3 (routing) level. In 
addition to moving traffic faster overall, MPLS makes it easy to manage a network for quality of service (QoS) required for
voice, video and data convergence.
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Ideal as the basis for a corporate intranet or extranet, IP Clear is an unbundled service (that is, there
are no routers included) allowing Voyager the flexibility to establish and configure your network to
meet specific requirements. IP Clear interconnects seamlessly with their FrameStream and
CellStream VPN services, and offers dial access for remote users. IP Clear can bring many benefits
to your organisation. It is a flexible, secure and scalable VPN solution, incorporating the benefits of
IP networking including any-to-any connectivity and resilience.

benefits



technical specifications 

IP Clear is an access mechanism into the MPLS platform allowing you to
create IP VPNs. There are various access methods:

IP Clear Accesses

Bandwidths

There are six IP Clear access bandwidths:
128Kbps, 256 Kbps, 512 Kbps, 1 Mbps, 2 Mbps,
34 Mbps and 155 Mbps. 

Standard

nAvailable from 128kbit/s to 34Mbit/s.
nDelivered over a single access bearer.
n The most cost-effective option. 

Secure

nAvailable at 155 Mbit/s.
nDelivered over BT’s highly resilient 

SDH infrastructure. 

Secure +

nAvailable at 34 Mbit/s and 155 Mbit/s. 
nOffers the highest level of resilience and 

availability over BT’s SDH network. 
nDual links are routed diversely so that there is

no common failure point into your site or the 
BT network. 

IP-enabled Access options:

n IP-enabled FrameStream
n IP-enabled CellStream

IP-enabled SMDS Closed User Group

Each of BTÕs VPN services, SMDS, FrameStream
and CellStream, has an IP-enabled option that
allows users to connect into an IP VPN over
MPLS. Once connected to the IP VPN, all of
these sites can share IP communications
regardless of the access mechanism. For 
example, an IP Clear site, an IP-enabled
FrameStream site and an IP dial user could all
work seamlessly using an IP VPN. Furthermore,
IP-enabling does not disrupt your primary 
service meaning that you can continue to use
your existing FrameStream, CellStream or SMDS
network while using an IP VPN too.

IP dial access

You can dial in to your corporate VPN via PSTN,
ISDN or mobile by using a Freefone number, 
Lo-call number or Surf AnyTime. Dial-in access
to the corporate network provides greater 
flexibility and is ideal for mobile workers, sales
executives, tele-workers or small offices.
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Connection speeds

128Kbps, 256Kbps,
512Kbps, 1Mbps,
2Mbps, 34Mbps,
155Mbps
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With IP Clear CoS you can choose to converge your voice, mission-critical applications and standard
data traffic over a single IP infrastructure. By choosing the appropriate CoS you can prioritise your
applications to ensure optimum performance. There are three Classes of Service for IP Clear:

Class 1 —Voice

Designed for Voice over IP, Class 1 

manages round trip delay, packet delivery

and jitter to ensure your voice and time-

sensitive services run smoothly. Class 1

traffic takes priority over Class 2 and

Class 3 traffic. Class 1 can use up to

50% of total bandwidth available.

Class 2 —Premium

Ideal for your mission-critical 

applications, such as ERP, Class 2 takes

priority over Class 3 traffic. Class 2 can

use up to 90% of total access bandwidth

or 100% if Class 2 only is chosen.

Class 3 —Standard

Designed for standard data such as 

e-mail, web-browsing and file-transfer,

Class 3 can use 100% of access bandwidth

(if not being used by Class 1 or Class 2).

10% of bandwidth is always reserved

for Class 3.

You can choose the following 

combinations of CoS:

n Classes 1, 2 and 3

n Classes 2 and 3

n Class 2 only

n Class 3 only (this is the default — 

IP Clear without CoS)

IP clear flex
BT offers an alternative solution based around the IP Clear product which
also offer good flexibility. The IP Clear Flex product provides a fixed 2Meg
bearer with the option to connect at speeds from 256 Kbps to 1984 Mbps. 

IP Clear Flex gives the capability
to increase bandwidth 
requirements within short
lead-times (8 working hours
Monday to Friday), thus
removing the need for a full
circuit upgrade.This product
will benefit those customers

whose bandwidth requirements
are likely to grow over a short
space of time.

With IP Clear Flex you can flex
between the following speeds:
256 Kbps, 384 Kbps, 512 Kbps,
768 Kbps, 1024 Kbps, 1536

Kbps and 1984 Kbps, allowing
you to change your bandwidth
to suit your applications and
users needs.
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