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The intended audience for this presentation is network planners and strategists operating
in public, private and hybrid environments.

This presentation will provide an update to the frame relay market, focusing on changes
in 1995 and anticipated market requirements going forward. An update on Magellan
frame relay, features and applications available, as well as the evolution of Magellan
frame relay, will be provided with a focus on contributing to customer profitability.

About the presenter:

lan Merritt is currently a senior manager within the Passport Product Line Management
group with responsibility for the service provider market and applications. He has been
with Nortel since 1988 in a variety of positions (business development, market planning,
product management, marketing), but all associated with data networking. lan worked for
Bell Canadain avariety of roles, including Datapac product manager for 10 years prior to
moving to Nortel.
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Service Acceptance by End Users

* Widespread acceptance by users

— proven economics, price remains a key buying criteria

— require consistently dependable service with disaster recovery
— ease of deployment and maintainability

— customer service viewed as a differentiator

— international availability, network-to-network interconnectivity
— smooth transition to continuously evolving technologies

» Key drivers in 1995

— leased line replacement for dispersed LAN internets
— SNA applications in a client/server architecture
— alleviating congestion in large enterprise router networks

» Comparison shopping for basic service

As a widely accepted transport mechanism by users on a global basis, basic frame relay is
developing into a commodity service. Cost remains the key decision criteria with the assumption
that areliable service which consistently meets or exceeds quality of service guaranteesis abasic
requirement. Users are demanding solutions beyond the technology of frame relay.

Top 10 user frame relay criteriarequired from service providers'

Existing ommitments

Integrated access opportunities

Disaster recovery

International availability

Hybrid designs and gateways

Network management systems and reports

Router and FRAD vendor flexibility

Network-to-network interconnect

SNA experience * Source: Enterprise Network Strategies,
Sustained burst capability Gartner Group, September 1995

While the primary application for frame relay in 1995 was as a leased line replacement, other
drivers are quickly emerging. SNA has been a key driver in 1995 and a major growth area with
the explosion of FRADs (frame relay access device) and acceptance of frame relay for mission
critical data.

As a basic service in a very competitive environment, users are taking the opportunity to do
comparisons of service provider offerings in head-to-head tests. Multiple providers are being
chosen for some networks requiring basic frame relay in a manner similar to leased line auctions.
The opening up of published tariffsin the U.S. further intensifies the competitive environment.
Service providers must differentiate their service beyond the technology to successfully operate in
this environment.
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Service Providers’ Challenges

* Pressures

— downward price pressure for basic service

— new entrants threaten existing service providers’
market share

— market demand continues to stress scalability
of first generation networks

* Responses
— managed frame relay services
— customer education and traffic modelling/reporting
— global service alliances and mega carriers have
emerged for frame relay
— search for application drivers beyond basic services
— innovative tariffing packages

With wide scale acceptance of frame relay, the market has become increasingly
competitive. New entrants may be either national or international. In addition, enterprise
networks are entering the market and are beginning to offer services. Even the responses
of specific service providers themselves are new pressures for others in a competitive
market.

To respond to pressures, service providers and enterprises must offer differentiated
services beyond basic frame relay. A managed frame relay service provides such a
vehicle. The top 10 criteria as captured by Gartner group are listed below. However,
even within such an offering, there are many opportunities to differentiate your service.
Many of these are based more on the service delivery and management capability of the
provider than the basic frame relay technology.

Top 10 managed frame relay criteriain service provider offerings:.

Frame relay network performance

I mplementation support

Implementation timing

Personnel stability

Network modelling

Educatior}al services 4 deol

Router software testi ng. an Ep Oyment * Source: Enterprise Network Strategies,
Network management integration Gertrir Group, Seprember 1665
New features

Performance upgrades
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Changing Requirements

* High-speed frame relay
— fractional T1 1995 revenue in U.S. exceeded revenue
for low-speed ports
— high-speed frame relay revenue growing to 58% of total revenue
by 1998
— T3 frame relay access to address concentration in large
enterprise networks

» Multimedia desktop applications fueling high
bandwidth requirements

* Emerging real-time multimedia applications

* FRADs driving demand beyond LAN interconnect
» SVCs are now in play

* Frame relay over ATM backbones deployed

As defined by Vertical Systems, high speed frame relay includes anything greater than 64
Kbit/s. Frame relay growth in the fractional T1 speeds represents more than half of the
current U.S. service revenue and will grow each year in overall market share. Thereis
also increasing demand for frame relay services at T3 speeds for large enterprise networks
and Internet concentration. The demand for high speed is fueled by desktop applications
which incorporate many multimedia formats. These may include e-mail which now
includes pictures and even sound clips. Presentations are now in colour and video clips
are frequently available across the Internet. Where a presentation used to be less than
100k, multi megabits are not uncommon.

Real time interactive multimedia applications are also emerging. These include voice and
video over frame relay. These will not only influence the bandwidth requirements but
also the quality of service requirements.

FRADSs represent the largest and fastest growing element in the access equipment market.
The growth is primarily driven by increased market demand for SNA over frame relay.

The deadlock to switched virtual circuits (SVCs) has now been broken. Service providers
were planning to offer the service once available from vendors. Vendors were waiting for
service provider demand. SVCs are available now and availability from customer
premise equipment (CPE) vendors has been initiated.
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Market Growth

Worldwide frame relay

service revenue * Growth outpaces
4000 - aggressive forecasts
1994 View . 0
3500 + = 1995 View 1994 to 1998 CAGR > 90%
3000 - « 1995 US. grow;h drive_n by
248% increase in fraction T1
25007 services
$mil 2000 - _
us.) e U.S. service revenue passed
1500 + $0.5 billion in 1995
1000 + « European/Asian service
500 | revenue will pass $ 0.5

billion in 1996 (107% growth
over 1995)

1993 1994 1995 1996 1997 1998

Source: Vertical Systems Group

Growth continues to be explosive. Even aggressive forecasts from last year are viewed as
low and have been updated in 1995 with greater growth. The growth is also not
anticipated to slow down until at least 1998.

Growth outside the U.S. is also explosive with the rest of the world (non-U.S.) service
revenues only a year behind, rather than the common perception that the U.S. has a two
year lead.

A significant continuing revenue stream from the installed base has been established,
providing ongoing revenue for years to come.

Thereis also steady growth of private network switches which will more than double over
the next three years.

With the continued growth and significant market size, there is lots of opportunity to
grow existing frame relay revenue, and opportunity to capture some of this market for
those network operators who have not already deployed a frame relay service offering.
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Standards - Current Status

» Base technology standardization complete
and largely implemented
— UNI/NNI PVC (FRF.1 and FRF.2)
— multiprotocol interconnect (FRF.3)
— SVC at the UNI (FRF.4)
— ATM PVC network interworking (FRF.5)
— ATM PVC service interworking (FRF.8)

* The focus now shifts to value added solution
of business problems

— increased importance of the Market Development
and Education (MD&E) committee (Nortel-chaired)

— maintain positive momentum in the market using MD&E

Nortel has always been a leader in telecommunications standards development, principally
through its research and development arm.

Nortel is a founding member of both the Frame Relay and ATM Forums and a long time
participant in the work of the ITU-T (formerly CCITT) and many other global and regional
organizations.

Nortel has been very active in the development of base UNI and NNI standards in both the ITU-T
and a so the Frame Relay Forum (FRF) in Implementation Agreements FRF.1 and FRF.2.

Nortel aso contributed to the development of the Frame Relay Forum Implementation Agreement
FRF.3 which describes a method for the encapsulation of multiple protocols over framerelay.

The FRF has completed work on FRF.4, the Switched Virtual Circuit Implementation Agreement,
with Nortel acting as co-editor.

Nortel is currently the editor of X.36 and X.76 within the ITU-T.

Nortel will continue to provide leadership and develop standards-based solutions, particularly in
conjunction with our customer partners.

In a manner similar to wide scale acceptance by users, the base technology standarization has
been completed. Going forward, an increasingly important body will be the Market Devel opment
and Education Committee of the Frame Relay Forum. This Nortel-chaired committee has been
instrumental in raising the global profile of frame relay as a technology. In the future, an
increasing focus on business applications and solving real world problems involving the
integration of frame relay with other technologies will require the participation and leadership of
this group.
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Standards Evolution

* SVC enhancements (Nortel editor in ITU-T)

— security (via CUG)
— class of service signaling

» Data compression
* Voice carriage

* NNI enhancements (Nortel editor in ITU-T)
— SVCs, SPVCs

» Switched access to frame relay
* FR-ATM SVC interworking

Value-added solutions to business problems

The evolution of standards is increasingly focused on an applications basis, moving
beyond basic frame relay. As editor in ITU-T for SVCs, Nortel will continue to work to
include enhancements for SV Cs.

Data compression standards are largely driven as CPE-to-CPE standard. Voice over
frame relay is aso an example of a specific data compression application which has also
been largely driven by CPE devices.

An ongoing area of activity is the enhancement of the network-to-network interface
(NNI), both to increase available capacity and to add resiliency. Nortel is contributing in
this areain conjunction with service providers.

Switched access to frame relay has recently been raised in the Frame Relay Forum for
further study.

Nortel continues to contribute in the development of the service interworking IA.
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Revenue Growth and Life-cycle Cost for

Next Generation Frame Relax Networks
\ Basic service /

offering
Switching
\ equipment
New . Managed
network fAC_(l:_Et’_SS Operat;onal | network
applications aciiities costs offerings
Trunking
facilities )
VPN —_— Service
CNM packaging

Application-based

/ 8 services

Revenue/port - loaded cost/port = Profit

10

The simplest summary of the business objectives of a service provider is to make a profit
on aservice. The profit isinfluenced by factors which provide sources of revenue as well
as a number of costs which contribute to aloaded cost per port. Facilities and operations
costs represent a majority of the costs. Magellan is focused on both increasing revenue
sources and reducing costs which contribute to the ability to generate a profit for a service
provider. This model is aso applicable in an enterprise environment with the end goal
being the ability to support the greatest number of applications at reduced costs.

Frame relay has been established as a basic service. It is necessary to move beyond the
basic service in order to generate new sources of revenue and provide service
differentiation. New network applications may be facilitated with new frame relay
features like SVCs or ISDN. Virtua private networks (VPNSs) and customer network
management (CNM) provides functionality which can expand the addressable market.
With the acceptance of frame relay as a transport technology, customers expect solution
based offerings. These application-based services may utilize frame relay as the transport
technology, although frame relay would be transparent to the user in such an offering.
Creatively packaging frame relay provides a method of differentiation as well as
capturing new market opportunities. This is easily facilitated with usage-based
accounting. As a further extension to VPNs, managed network offerings provide a
solution-based service, with the technology and its implementation transparent to the user.
A platform and partnership which can contribute to each of the potential revenue sources
isrequired to build a profitable service.

There is no single answer for the right features for everyone in the world. Different
regions have different cost models as well as revenue opportunities. Nortel will continue
dialogue with lead customers to identify the best solutions to meet your business
objectives. We welcome your input.
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High-speed Frame Relay

DS-3 FR UNI
(45 Mbit/s)

CSU/DSU *FR UNI connectivity

Passport e Multi-carrier networking
| : *Private NNI
Public FR

Carri .
,?W *HSSI - up to 50 Mbit/s

v.asiv.ay | N8P e HsS! NN *DS-3 - 45 Mbit/s
FRUNI || vetwor A *V.11 - up to 8.4Mbit/s

[y = «V.35 - up to 4 Mbit/s
Routers ] *E3 Capable - 34 Mbit/s
HSSI 1-50 Mbit/s P“Z@
. FR UNI (<50 feet) = «CIR/EIR up to line speed

* Differentiate service in the market as a leader

» Capture niche market segments and solutions

» Consolidate traffic in high-speed backbone

* Opportunity for consolidating Internet traffic

* Smooth migration to high-speed ATM when ready

HSSI
Router

Internet Service

11

High-speed frame relay enables new opportunities for interoperability and frame relay growth. It
addresses the concentration points of traffic in both enterprises and service providers which may
be high speed routers or internet gateways.

High-speed NNI provides a new opportunity to enhance internetworking between Magellan frame
relay networks and other frame relay networks. High-speed NNIs improve multi-carrier
connectivity. Private NNIs offer service providers a new revenue opportunity and enterprises the
opportunity to build hybrid public/private networks to optimize costs. Remote offices may use
the public frame relay network to connect to a private frame network. High-speed private NNIs
address the concentration of multiplexed traffic between the public and private networks.

V.11 function processors support sourcing line speeds between 9.6 kbit/s and 7.68 Mbit/s for DCE
physical mode. Line speeds up to 8.4 Mbit/s are supported for DTE physical mode.

V.35 function processors support sourcing line speeds between 9.6 kbit/s and 3.84 Mbit/s for DCE
physical mode. Line speeds up to 4 Mbit/s are supported for DTE physical mode.

HSSI (high-speed serial interface) operates at 1-50 Mbit/s either as a DTE or DCE. The HSS|
card may operate either asa DCE or aDTE at the physical level.

DS3 supports 44.736 Mbit/s and E3 supports 34.368 Mbit/s. E3 frame relay is implemented such
that the E3 frame includes the area defined for multiplexed and justified E1 signals as the payload
area. However, no E3 CPE devices have been identified to test against. Based on support for DS3
and HSSI, Nortel is confident that Passport is capable of supporting E3 frame relay and looks
forward to working with alead customer which has identified suitable CPE devices.
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Fanout Improvements

T1/E1 with nX64 kbit/s

FRCPE | FRCPE channel bundles Passpoﬂ *4-port E1IC/DS1C
\ —up to 124/96
8- channels
nX56/64 kbit/s DS1C/EIC port —fractions available
fractions CcOo DS1 with non-contiguous

PACS '\DACS timeslots

FR CPE 50
DACS ~

—>1200 FR ports/shelf
- g
ﬂ'/ ‘I‘D“L\thc infrastructure

FR CPE

Utilize 4-port DS1C/E1C for high-density, low-speed connectivity
Reduce shelf space, transmission equipment and per-port costs

Utilize 8-port DS1 interface for full DS1 or high speed DS1
fractions

Address growth in DS1 FR access

e 8-port DS-1

FR CPE —full T1/Fraction

—up to 112 DS1s/shelf

12

With all 14 slots deployed with channelized cards, using the 4-port DS1C card atotal of
1344 - 64k virtual ports may be supported on a single shelf, or up to 2,688 portsin a
cabinet in less than a 3 square feet footprint. Similarly the E1C card provides up to 1,736
channelsin a single shelf which is over 3,400 channels in afootprint less than 0.3 square
meters (two shelves per cabinet). Of course, every configuration will require trunking
interfaces in some of the slots which will reduce total available channels for user access.

Nonetheless, Passport provides a platform capable of supporting high densities of access
ports.
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High-performance System

Access performance ...

Release 3 improves frame relay performance

* Up to 100% performance improvement in FR throughput

» Leverage high-speed interfaces for FR UNI/NNI applications
» Take advantage of improved fanout

» Smooth migration for users needing increased bandwidth

... in concert with trunk performance

» 80% performance improvement Rel. 3 DS3/E3 frame/cell trunk
e Up to 14 DS3/E3 trunk functional processors per shelf
e 3-port ATM OC-3/STM-1 trunks available

Cost/performance improvements without hardware upgrade,
further leveraging your investment

13

Performance improvements can be made through a software upgrade to Release 3 without
any changes to the hardware. This allows one to improve the overall costs of ownership
and/or profit margin as the network may potentially carry more capacity without a
corresponding cost increase. This provides a very smooth evolution for users who are
demanding higher speeds and more bandwidth, without requiring the user to be moved or
purchasing additional interfaces.

Passport Release 3 is expected to deliver atotal bidirectional throughput for frame relay
of approximately 20,000 frames per second on the unchannelized cards. This represents a
improvement of 100% from Release 1.3.9. Similarly, the maximum trunk functional
processor (FP) bandwidth carrying frame relay traffic is expected to be greater than
70,000 frames per second, aimprovement of more than 80%.

The final numbers, based on measurements at R3.3, will be available in the Engineering
Performance and Specifications NTP which should be consulted for more detailed
information.
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Next Generation Scalability

1000 A AN
s .
DSOs Metropolitan centers ‘_ | !
# Ports Y ) =

100 Dispersed Specialized

DSO0s locations . applications

_

64K Access port speed SOM

» Cost-effective deployment with a single, high-performance platform

* Smooth migration to higher speeds using the same platform

* Independently migrate users to higher speeds as demanded by users
» Demand for higher speed constantly moving upward

14

Users are demanding increased speeds. High-speed frame relay at DS3/E3 rates are
required for specialized applications or points of traffic concentration. These points may
initially be few and dispersed. Similarly, lower speed is necessary for the majority of
connections. These may be in several dispersed points of presence or concentrated in
large metropolitan areas. The Passport model 50 provides a 5-dot chassis which uses the
same cards and software as the Passport model 160, 16-slot chassis. Passport’s high
performance and flexible interfaces allow one to capitalize on all these users
requirements and grow both dispersed low-speed and dispersed high-speed requirements
as demanded by the users. The service provider or enterprise network manager is able to
respond to these requirements quickly with Magellan frame relay.
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.y
Frame Relay SVCs INDUSTRY -
FIRST _tm—
Comnet
- Jan'%
‘Lg si(g?hga?’l?ng // / /

Framerelay —pw

network g1 ~11 » Compliant with FRF.4,
E] ¢ ITU- Q.933 and Q.922
== &= . |ntegrated egress

accounting
EI  Distributed architecture

Q.933
signaling

* Expand addressable market with new applications

* Enhancing benefits to the end user
— connection and duration based on need
— better utilization of bandwidth (compared to PVCs)
— allows easy adaptation to office growth

* Reduced administrative costs for service provider
— provisioning minimized
— no processing of adds/changes/delete
— quicker service activation

15

On January 29th, Nortel was the first to publicly demonstrate live SVCs with CPE
equipment at Comnet in Washington D.C. The application included an advanced
compression technologies (ACT) FRAD running voice over frame relay using SVC
signaling. SVCs are available with Release 3.1 for trial as a software update with no
hardware updates required.

In addition to carrying out exhaustive conformance testing against an HP PT502 protocol
analyzer, Nortel continues to be active in practical interworking testing with lead CPE
vendors as implementations become available. The Passport frame relay SV C service has
been successfully tested against a router implementation of framerelay SVC. In addition
to the ACT testing, Nortel has shared implementation details and consulted with a number
of other CPE device vendors to increase the success of standards-based operation when
their frame relay SV C implementations become available.

SVCsare fully compliant with all mandatory requirements of FRF.4, based on ITU Q.933
(signalling layer) and Q.922 (link layer).

One may signal delay priority using the transit delay selection indicator (TDSI) bit in the
SVC cdl request. Optionally, each frame relay interface has a provisionable attribute to
specify the maximum aggregate CIR and maximum aggregate EIR that can be allowed for
SVC cdlls. The aggregate CIR and EIR of all the existing SV Cswill not exceed the
corresponding maximum values. |If the DTE requests acall with CIR and EIR that will
cause the aggregate CIR and EIR to exceed the maximum value, the call will be rejected.

As akey element of SV Cs, egress accounting is available for effective service
deployment. Magellan SV Cs are based on a distributed architecture with no central
server required for call set-ups. This provides maximum scalability and availability with
reduced call set-up delays.
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Applications to Drive SVCs

\/— ~m_ 1) B Voice over frame relay
I— - : » Simplified ubiquitous access
« Duration as required
ol » Rapidly gaining acceptance

® Highly meshed public and private
: LUl & Internet and remote LAN access
: = I « Flexibility to multiple users
- o, u— growing rapidly

» Simplified value added
extensions for content

providers
D/ .
Disaster recovery
» Cost savings through sharing

» Simplicity for wide-scale use
 Flexible recovery options

16

The general characteristics of services requiring SV Cs include the ability to connect
multiple remote sites on an intermittent basis. Scalability of pre-provisioned PV Cs for
ubiquitous any-to-any point access is growing beyond reasonable manageable limits.
SV Cs enable true peer-to-peer networking. Some applications which are emerging to
drive SV Cs are presented here for discussion. There will no doubt be many others.

The concept of voice origination is synergistic with SVCs - on demand. Usage based
tariffing could contribute to further cost savings. Video conferencing is another
application with similar connectivity requirements which could capitalize on SVCs.

The proliferation of Internet users has been exponential—estimated at 10 million users
growing up to 40 million by the end of next year. Residential users are driving demand.
Selective access to information providersisrequired. Accessis often determined by time
of day costs or services offered. In addition, companies are emphasizing work-at-home
programs where access to corporate computing is essential.

SVCs provides increased flexibility for disaster recovery services. Disaster recovery
locations would not have to be pre-defined, minimizing additional administrative
services.
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Resilient Frame Relay UNI

Link/router « All PVCs are

failure automatically

— established to the
[ backup service

Primary

* Switchover in seconds

e Multiple backups

¢ Manual/automatic
capability

» Offer disaster recovery services as a premium
service for PVC clients

* Fully transparent to branch site routers
* Resilient to multiple failure modes

* No resources consumed in network by backup
paths, until in use

17

PV C backup is similar in functionality to X.25 call redirection. The backup links are not
restricted to the same FP or even the same switch. They may be anywhere in the network
including one end on Passport with the other end on DPN-100. Resilient FR UNI uses
the DPN-100 call redirection server.

As illustrated, the backup link may be to the same router, providing resiliency against
facility failure. Inthis case each of the links could back each other up with half the PV Cs
shared across the links during normal operation. Another backup application could be
redirected to an entirely different site. Both of these scenarios could be implemented,
providing failure against facilities as well as failure of a site since the primary link may
have multiple backups which will be attempted in sequence.

The backup will automatically be invoked with any of the following failures:
* Node isolation (control processor failure or no operational trunks)

Functional Processor failure carrying FR UNI service

Accesslink failure

LMI failure

Port or DLCI locked

Resilient frame relay provides the opportunity for service differentiation. It isalso ideally
suited for enterprises with a key network concentraction (ie. host or server) locations.
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Resilient Frame Relay NNI

e All PVCs are
automatically
established to the
backup service

NNI failure
Primary

e Switchover in seconds

e Multiple backups

Frame relay * Manual/automatic
CPEs capability

* Improve end-to-end availability of user PVCs

 Suitable in both multi-carrier and private NNI
environments

* Not dependent on standards development
* No proprietary extensions required
» Can be automatic or tuned to be manual

18

Backup PVCs across an NNI increases the availability of PV Cs between multi-carrier
networks as well as potentially between a public carrier and a private frame relay network
using a Private NNI. A resilient private NNI is aunique differentiator.

Resilient FR NNI automatically moves all PV Cs on an NNI to a backup NNI. The same
failures as outlined in resilient FR UNI will initiate the backup. As this action is taken
without notification from the remote network, there is no signalling activity between the
networks. Consequently, no standards are required for this implementation and there are
no proprietary extensions required. Each network must be able to detect a failure and
move the PVC end-points. The other network may choose a variety of mechanisms to
achieve this including automated re-provisioning or even manual PVC relocation
commands. Through the use of “lock” operator commands, the Magellan network may
also manually initiate the backup in the event that specific synchronization with the other
network is required.

In the case both networks are Magellan, the backups will be synchronized as each
network would detect the same failure and move the PV Cs.
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Service and Network Management
Accounting Capabilities

» Service differentiation

FR g FRUaffic = FR — flat rate or usage-based billing
(- >‘»—rm — customized reporting capability
- - — VPN/CNM identification
Generate * EGRESS .+ Cost-efficient, reliable
recor accounting and Scalable

protocol

. ) — single record egress accountin
Passport flexible accounting record g 9 9

— no external end-to-end matching

* QoS performance management

Published X o
API format — service level verification
- — — select monitored period
== — measure frame/byte stats/PVC
Accounting — basis for re-engineeripg r_letwork
data server — peak water mark monitoring

— proactive selling opportunity
» Available for PVCs and SVCs

19

This cross platform accounting capability provides highly detailed information on a per
PV C basis on traffic movement across the network.

The views from each end of the PV C within the network are resolved and consolidated
into a single record. These records are made available for off-net processing in a billing
host via the published record format or the records can be made available via API to the
planning and analysis tool set.

The ability to spool this data to local shadowed disks and dump off-network, as
convenient, makes this a very robust and scalable accounting architecture.

Quality of service (QOS) measures include counts for all ingress and egress activity.
Conseguently, one can verify CIR and EIR service levels using traffic discarded by the
network measurements. Also, the ability to track peak water mark (PWM) activity levels
is provided. This means that, on a per DLCI basis, the activity throughout a time of day
(TOD) period can be monitored in adjustable PWM windows of between one minute and
fifteen minutes. The peak activity in each of these PWM windows is preserved and
spooled at the end of the TOD period as part of the accounting record.

The peak amount of committed information (CIR), excess information (EIR) and the
overall traffic are each individually captured.

Frame relay SVCs and PVCs both use the same egress accounting system. This
accounting architecture will be used by ATM.
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Improving the Profitability Equation

High-speed access
V.11/V.35, DS3/E3, HSSI

1-50 Mbit/s

NMS EasyProv

. _ _ Egress
FR SVCs Chang;lllzg/dEfgcess 8-port DS-1 \ accounting
usage records
Enhanced FR DPN-100 FR
performance migration
/a Loadsharing x VPNS/CNM
FR NNI Service Monitor

Rapport

/ UNI/NNI resiliency

Reducing life-cycle costs and generating new
service opportunities for the next generation

20

In addition to the frame relay features already discussed, Rapport, Loadsharing and NMS
EasyProv a so contribute to the profit model for a service provider or enterprise.

Rapport is a Nortel product line which provides dial-up remote LAN access. Several
models are available ranging from 8 user portsto 672 user ports.

L oadsharing provides the ability to share the traffic across the links in alink group in a
manner that is sensitive to the capacity of each of the links and provides the full
bandwidth of the link group availableto aDLCI.

NMS EasyProv is an improved provisioning process which allows both ends of the PVC
to be provisioned in asingle step.

Some customers have migrated DPN-100 users to Passport to take advantage of the
higher performance or improved port densities. They have found this to be a very smooth
process.

NNIs are operational with live traffic. Magellan NNIs have been successfully used by
customers between Magellan and Stratacom, Cascade, Newbridge, BayNetworks
(Wellfleet), Cisco, and N.E.T. equipment. At least one carrier in the U.S. is offering
private NNIs.
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Magellan Frame Relay Success

» Passport frame relay deployed in every region

* More than 30 Magellan frame relay service
providers
— >100 % growth in Magellan frame relay service providers

* Frame relay software delivered to more than 75
Passport customers

» Approximately half of enterprise customers use
Maaellan frame relav

Significant Magellan frame relay momentum in 1995

Thank You

21

1995 has seen the deployment of Magellan frame relay by many networks including both
new networks and existing Magellan customer networks in regions throughout the world.
Thereisasignificant installed base to grow the service and establish feedback to improve

the offering.

Thank you for your business. We look forward to continued success throughout 1996 and
beyond, working with you to meet your business objectives.
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Agenda

* Frame Relay Marketplace Updates
* Magellan Frame Relay Achievements
* Frame Relay Evolution

e SUMMary

22
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Evolving the
Next Generation Networks

* New frame relay revenue
and application opportunities

* Addressing cost of ownership Revenue
* Smooth transition to new

technology e,
» Operational and availability

improvements
» Scalability and growth planning

* Market introduction and
development assistance

Partnering with our customers for mutual success ‘

23

Elements of the business case for service providers and enterprises go beyond the
technology and platform choice. As Magellan continues to evolve the frame relay
portfolio, that evolution will also include partnering with our customers to deliver

solutions, not simply features or changes to the platform.
Related sessions include the Passport Update workshop.

Nortel Inform ‘96

Page 23



Magellan Frame Relay Market and Product Update lan Merritt

Switched Virtual Circuits

e Security enhancements
— support of closed user groups

* Traffic class signaling
— support of multimedia services

» Co-existence with switched access
— extending the reach
— true ‘plug and play’

» Other network services
—redirection
— hunt groups

Enhancing the product and maintaining our lead

24

Magellan will be adding powerful value-added capabilities to augment the service
building opportunities of frame relay SV Cs on Passport.

Magellan’ s experience in implementing network-wide services will be brought to bear in
providing closed user group support for network based security.

The ability for user devicesto select, on aper PVC basis, the traffic class desired will aso
be provided.

In both the above cases, Nortel is participating in the ITU-T and the frame relay Forum to
standardize signalling for these functions.

The coexistence of SV Cswith switched access potentially provides avery powerful ‘plug
and play’ capability for user devices using a first stage access via Q.931 signalling to
establish a circuit to the Passport followed by Q.933 signalling in band for virtual
connectivity.

Access to other network services will be delivered as commercial and application
requirements warrant. Services such as redirection and hunt groups can be deployed in a
switched frame relay environment for much the same purposes as they have been
successfully deployed in the X.25 world.
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Switched Access

Passport :
Tocenval  PRA e * ISDN & switched-56
O(f:fa'lﬁe function processor access
Lntrol_signaling channel |+—>»4£1SDN —ubiquitous
i signaling —reduced cost
Switched| | [.931/921 —increased
~¢—— __Data channel ("’service resiliency
To CPE 0 FRS - —rapid turn up time
va 4 Switched[ [« Service types
S ‘ - service .
matrix Switched FRS —occasional access
S'e:a’g’e —permanent access
—disaster recovery

* Via PRA, based on channelized FP
* Rapid generation of regional ISDN variants
 Distributed protocol processing for scalability

25

The availability of ISDN service at highly competitive tariffs provides an opportunity for
a framerelay access vehicle to complement conventional leased line access.

The use of ISDN (or switched-56 where available) can provide the opportunity for a
number of service types to be supported for the occasional access user, for permanent
switched access or for disaster recovery.

This development will be supported in the E1c and DS1c channelized cards for high fan
inand low cost per ISDN user.

The design approach is to employ the Meridian protocol stack to minimize a development
effort and provide the ability to rapidly produce regional variants for global certification.

Protocol processing will be distributed rather than implemented on a centralized platform
for better scalability.

The service can be deployed as a simple software upgrade without requiring any
additional third party hardware or softwarein the network.

User authentication will be provided via examination of the Calling Line IDentification
(CLID passed over the PRA).

Both frame relay PVC and SV C will be supported.

Nortel Inform ‘96 Page 25



Magellan Frame Relay Market and Product Update lan Merritt

Multimedia Traffic Class

* Reduce delay and delay variance for real-time
multimedia applications (eg. voice, video, etc.)
over frame relay

RCOS Trunk Access
emission queue emission queue
Delay Interrupting High
Multimedia  — >
. High
Interactive 1 _
. Normal
Interactive 2 >
Throughput Normal
i — —
File transfer i 1 i 1 >

» Select traffic class on a per PVC basis
— independently define urgency, importance and reliability
— urgency determines trunk emission priority, routing class
of service and emission priority at egress access link
— multimedia class of service utilizes Magellan interrupting
trunk queues for priority delivery

26

The multimedia traffic class is a new traffic class for frame relay to optimize delay and
delay variability. Itisideally suited for real time interactive multimedia applications. The
frame relay traffic makes use of Magellan’s interrupting trunk queues which were
designed for CBR (constant bit rate) type services. DLCIs set with this new traffic class
will choose the least delay route (ie. the delay routing class of service (RCOS)). In
addition, frames in the interrupting trunk emission queue will be serviced immediately.
Existing transmission of high or normal priority traffic will be interrupted. Once the
multimedia frame has completed transmission, the frame which was interrupted will
continue transmission from where it was first interrupted. The operation of normal and
high priority queues remains unchanged with high priority traffic being transmitted ahead
of normal priority traffic. Finally, at the egress queue for the access link, multimedia
traffic and high priority emission traffic will be transmitted to the CPE access link ahead
of normal priority traffic.
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ATM Interworking

FR Service transport over ATM Router or
FRAD

AN ATM-UNI ATM-UNI [T

IE I

= Network Interworking a—

Router or
FRAD

FR-UNI

Other Other

Services ATM NetWO r k Services
Other

Services ATM-UNI
FR-UNI rﬂ:ﬂi Service Interworking \
M TM-UNI

RFC 1490 . ’ RFC 1483
FR CPE to ATM CPE connectivity gm“e’

Router
* Logical trunking provides network interworking

» Service interworking translates RFC1490/RFC1483
encapsulation for end-to-end CPE connectivity

27

Network interworking via Passport ATM logical trunking allows service providers and
enterprises to take advantage of ATM infrastructures. With support for both ATM as well
as frame/cell trunks in a network, one may take advantage of ATM where feasible and
economical without upgrading the whole network. As ATM continues to evolve,
Passport provides an excellent multimedia service switch to ATM backbones.

Passport service interworking enables ATM CPE devices to connect with frame relay
CPEs. Initially it is anticipated that backbone routers may migrate to ATM with the
numerous branch routers using frame relay. Significant growth of either branch or
backbone routers may use ATM depending on economics and availability. Framerelay to
ATM service interworking provides RFC1490 frame relay multi-protocol encapsulation
and RFC1483 ATM multi-protocol encasulation transalation enabling the flexibility to
build such CPE mixed networks.

Framerelay to ATM interworking is described in further detail in the “Magellan Passport:
ATM Applications’ workshop.
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Continuing evolution

* Improving operations
— frame relay trace on Passport
— PVC loopback
— PVC alarming

* CP redundancy for Passport model 50
— low-end model suitable with even higher reliability

* Hitless CP

— continuously improving user availability

» Continued performance enhancements
— initially targeting channelized cards for performance
improvements

» Continue evolution of high-density interfaces
— DS3 channelized interface
— enhanced European interfaces

* NNI evolution
— SPVCs consistent with standards evolution

28

Additional tools will be provided to improve overall operations efficiency. Frame relay
trace on Passport provides the ability to trace specific frame relay DL CIs using a number
of filters to minimize the quantity of traced data while providing the operator with key
information. This will be integrated into the existing trace receiver system. In addition,
the ability to loop back a specific DLCI through an operator command further enhances
the troubleshooting and installation toolset. Based on customer feedback, a requirement
to provide notification of failed PVC was identified. A failed PVC across the network
will generate an interface alarm. This option will be provisionable on a per DLCI basis.
In addition, an operator command will be introduced to override the provisioned setting to
select or remove a DLCI for maintenance or installation purposes.

CP redundancy on a Passport model 50 provides a smaller switch with the same high
system availability as a redundant Passport model 160. Using channelized cards for
frame relay access, even a redundant Passport model 50 could support more than 200
low-speed frame relay connections or amix of high-speed and low-speed frame relay.

Hitless CP will preserve user service connectivity in the event of a CP failure, further
enhancing availability.

To continue the momentum from 1995, Magellan next-generation frame relay evolution
will include additional performance improvements and higher density devices. A
channelized DS3 will provide a full 28 DS1s. Nortel would like to continue dialogue to
determine the next best step for European interfaces where E3 may not be generally
available or feasible for concentrated access.

Evolution of the NNI standards is converging on using SVCs across the NNI while
maintaining a PVC to the user. These switched PVCs (ie. SPVCs) are intended to
primarily address improved resiliency.
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Evolution Beyond the Platform

» Facilitate growth of new and existing frame relay

networks

— iterative network design for new and growing networks

— leverage Magellan’s comprehensive congestion management
and robust routing system

— engineer with multiple traffic classes

— engineer NNI for immediate deployment

» Assist in the introduction of frame relay services
— Frame Relay Service Development Guide

Related sessions

Frame Relay Service Strategies John Casadante
Chairperson, Frame Relay Forum
MD&E Committee

Frame Relay Engineering Todd Biggs
Senior Network Engineer

29

Nortel believes that successful service evolution means working with our customers on
aspects beyond just the platform itself. Two related frame relay workshops address some
of these areas and Nortel would like to continue to develop solutions to meet your overall
needs.

Magellan is currently developing a frame relay Service Development Guide for service
providers introducing frame relay. It will initially focus on the North American market
but is applicable throughout the world leveraging the North American experience. Topics
include developing a strategy for a service provider to sell frame relay, choosing a pricing
structure, evolution of North American services and tariffs, sales strategy and marketing
program guidance, organizational requirements for operations and service management
for a start-up provider, service launch and implementation, and more.
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Summary

* Rapid market growth continuing through
1998

— opportunities for both service providers and enterprises
— gap between North American and rest of world markets
is narrowing with explosive global growth

* Nortel focus on customer profitability

— addressing cost of ownership and value-added revenue
opportunities

* Significant customer base established

— commitment to evolution and growth through partnering
with our customers

Thank you for choosing Magellan frame relay

30
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