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ach year, more than 600,000
U.S. businesses replace their
phone systems. If this year
yours is one of them, before you
shell out for another PBX or
key system – particularly for a

small branch office or a “greenfield” site – consider the business
case for voice over IP (VoIP).

Of course, if you recently put $100,000 into a new Meridian
PBX, there is no way to justify throwing it out – even if the VoIP
alternative were free. 

The up-front equipment costs aren’t the place to look for big
savings with VoIP, particularly on the campus. Vendor claims
and user accounts vary widely, from half the cost of a traditional
PBX-based system to somewhat more than one.

Operational savings are more promising, however, and early
adopters report dramatic reductions in the cost of making
moves, adds and changes to voice networks. These benefits will
ultimately be dwarfed,
though, by the impact of
converged applications that
provide a much more effec-
tive way to communicate and
collaborate.

A major stumbling block
to making a business case for
VoIP is a lack of precedent.
A recent survey of 231 large
IT organizations by Sage
Research in Natick, Mass.,
indicates only 6% of large
enterprises have implement-
ed any VoIP, and that con-
cern about the maturity of
the technology is the main
inhibitor (see graphic, next
page). 

“IT managers are having a hard time justifying the change,
because their management wants to wait and see how other
companies fare with VoIP,” says Jared Huizenga, a market
research analyst at Sage Research. “They don’t consider it a
proven technology yet.”

Lacking more major-account wins to parade, the big data ven-
dors are offering themselves up as examples. 3Com currently has
200 users on LAN-based phones and plans to have 750 convert-
ed by the end of the year. Some of its smaller offices around the
country are based entirely on the 3Com NBX platform, and have
no separate voice network, traditional PBX or key system.

“We can cost-justify it because it eliminates the cost of doing
moves, adds and changes,”
says Ed Wadbrook, director of
business development for
3Com’s voice solutions group.
“With a traditional phone sys-
tem, you have to dispatch a
technician to change wires
around and maybe do some
reprogramming. With VoIP,
the user just unplugs the
phone from the old office,
plugs it into the new office,
and is automatically recog-
nized by the network.”

IP pioneer Cisco is pro-
ceeding even more aggres-
sively with end-to-end con-
vergence, and has 2,700
employees using IP phones

GETTING A HANDLE ON THOSE THORNY COST
ISSUES — RETURN ON INVESTMENT AND TOTAL COST OF
OWNERSHIP — AS WELL AS THE APPLICATION DRIVERS.
BY SUSAN BREIDENBACH.E
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today. Sales offices in New York and Toronto are already 
based entirely on VoIP, and several more will be converted 
by year-end.

One of Cisco’s early adopters is semiconductor manufacturer
Texas Instruments, which has embarked on a 1,000-phone VoIP
pilot installation at its Dallas facility. As a manufacturer of the
digital signal processors (DSPs) that help make toll-quality
voice transmission over IP networks possible, TI has a vested
interest in seeing VoIP take off. 

“So far, it’s working out well,” says Brian Bonner, TI vice
president and CIO. “People find they get equivalent voice qual-
ity, and we’re even running it over some shared Ethernet con-
nections, not the dedicated links that are recommended. There
have been some echo-cancellation problems, but advances in
DSP technology are taking care of that.”

TI is converting an existing site, which makes direct cost
savings more difficult to calculate. The benefit is pretty clear,
though, when networks are being installed in new construction.
Early VoIP adopters like Bonner have a hard time seeing why
anyone would consider putting separate voice and data infra-
structures in new sites.

Convergence is the “long-term direction anyway, and there
are real, measurable cost savings,” he says.

First, consider maintenance. On a 2,000-employee campus,
Bonner says, you would have a $100,000 per year service con-
tract for maintaining a 2,000-line PBX.

And, because PBXs are closed architectures, you are at the
mercy of their purveyors. “You have to buy their phones, and
they love to sell them to you – at a huge markup,” Bonner
says. In a converged network, you can use any vendor’s IP
phone – or even your PC. Instead of the PBX, you would have
redundant Windows NT servers that cost at most $20,000 per
year to maintain. Then you factor in savings on moves, adds
and changes.

“At our company, people
move at least once a year,
and our charge to their
departments is $100 per
move. That’s $200,000 per
year on a 2,000-employee
campus. So there is
$280,000 in savings per
year by going with a con-
verged network.”

Voicemail based on stan-
dard platforms can be a lot
cheaper, too. The physical
voicemail ports and propri-
etary storage capacity used
by PBX-based voicemail
systems are very expensive,
so some companies make
do with less than users
need.  Take the Blood
Centers of the Pacific. The
250 employees in the blood
bank’s San Francisco head-
quarters were sharing six

voicemail ports – and a limited message store  – when the cen-
ter decided to swap its aging PBX for an IP-based voice plat-
form from Shoreline Communications.

“One of the things we really liked about Shoreline was its
inherent support of 32 simultaneous media streams for voice-
mail,” says Brian Sellner, director of facilities for Blood Centers
of the Pacific. The next release of Shoreline’s software, current-
ly being beta tested, doubles this capacity to 64 virtual voice-
mail ports. “And we can just buy standard, inexpensive PC hard
drives for storing more messages,” adds Sellner.

VoIP pioneers insist, however, that all these up-
front savings are actually small change. You are
really building for future capabilities. These
include, for example, Web-based click-to-talk cus-
tomer support applications that provide a smooth
escalation from self-help to a support technician.
And you can easily add more features to your
phones by adding software to the server – some-
thing you can’t do in the PBX world.

The IP phone factor
IP phones themselves, however, are not cheap. 
“IP phones are actually more expensive right now

than PBX phones,” says Jerald Murphy, vice presi-
dent of global networking strategies for Meta Group,
a market research firm based in Stamford, Conn.  

This should change over time, because IP
phones – unlike traditional PBX gear – are on the
same Moore’s Law price/performance improve-
ment curve as other data equipment. Meanwhile,
startup VoIP vendors such as Vertical Networks
and Shoreline Communications (both based in
Sunnyvale, Calif.) are offering a hybrid phone

C h a l l e n g e s  t o  d e p l o y i n g  Vo I P

Only 6% of 231 large IT organizations surveyed by Sage Research said they had
implemented any VoIP, citing the following inhibitors.
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system that provides a nice interim solution for many environ-
ments. They do it by combining elements of the PBX-centric
approach to VoIP with that of the pure IP strategy (see story,
page 19).

“At this point, we think IP phones in the customer premis-
es provide more risk than benefit,” says John Fazio, president
and CEO of Shoreline.  Exceptions might be teleworkers who
have to use a single line for voice and data at home, or new
office facilities that offer greenfield opportunities.

In any case, some argue that the benefit of IP telephony is
not in the phone itself. By moving the call-control interface
to the desktop PC environment, VoIP systems reduce the tele-
phone’s role to providing the media stream. It becomes a fairly
dumb device, so you
can use basic, inex-
pensive models. The
functionality of the
extra buttons on the
more advanced hand-
sets from the PBX
vendors has been
moved into software.

“Most people have
never used more than
three or four of the
many available fea-
tures in their phone
systems because the
phone’s keypad is not
a friendly interface,”
Fazio says. “We’ve got-
ten a lot of praise for
capabilities we didn’t
invent, like advanced
call forwarding, selec-
tive call screening and
routing, visual voice-
mail and automatic
dialing from contact
databases. These features were already in the traditional
phone systems we are replacing, but people weren’t aware 
of them.” 

The added functionality has helped silence the conver-
gence naysayers at Shoreline customer MarketSoft Corp., a
developer of lead-management software in Lexington, Mass.

“Once people see what they can do through their computer,
a lot of the concerns and fears about VoIP technology dissi-
pate,” says Mark Chandler, MarketSoft’s CIO.  “They are too
busy playing with their new toy.” In short, VoIP makes voice
much more user-friendly.

According to Chandler, Shoreline’s hybrid platform saved
start-up MarketSoft about $30,000 in up-front costs, primarily
because it enabled the company to use generic, inexpensive
analog phones.  “Traditional PBX voice systems with propri-
etary phones can cost $350 to $400 per user – but so can VoIP
systems that use IP phones to deliver VoIP all the way to the
desktop,” Chandler concludes. 

Untying tie lines
It’s proving much easier to make the business case for VoIP

out in the wide area. For applications such as intra-company
voice, replacing tie lines with a converged solution is a no-
brainer. Indeed, businesses are migrating at a furious pace, as
the demand for voice ports on Cisco’s routers clearly shows.

In the first two quarters of its fiscal 2000, which began Aug.
1, Cisco shipped 1.7 million voice ports with its access routers.
This is already almost twice the number of voice ports shipped
in all of fiscal 1999. 

“The DSP voice cards are more expensive than the router
they plug into, so people don’t buy them and then not use
them,” says Ian Pennell, senior director of marketing for Cisco’s

multiservice access
business unit. 

The new Sage
Research study con-
firms this trend. The
6% penetration of VoIP
in large enterprises is
expected to zoom to
30% by the end of the
year, and the main rea-
son users cite is still toll
bypass. While industry
experts like to play
down bypass as a con-
vergence driver, it is an
immediate benefit that
is easy to calculate.

“One very measur-
able cost savings that
is often overlooked is
the physical access,”
says Matt Howard,
vice president of mar-
keting for Vertical
Networks. “Getting
the wire from the 

carrier is a major part of the WAN cost, and you can realize
tremendous savings if you deploy voice and data over the
same link.”

Missouri-based office interiors specialist Howsmons used tie
lines for intra-company voice traffic between its offices in Joplin
and Springfield. The existing PBX system cost $50 per trunk
each month and included only three trunks, so calls were limit-
ed. Last year, Howsmons replaced the PBXs with Vertical
Networks’ IP-based InstantOffice platform, which lets the com-
pany run eight inter-office lines across its existing frame relay
network.

This solution eliminated the $150 per month Howsmons was
paying for the trunks, while adding five more lines. The company
also got bi-directional Direct Inward Dialing, which is only avail-
able incoming over traditional phone networks, and now has a
platform that will support higher level convergence in the future.

“We’ve reduced our monthly phone bills by $600 to $700
while getting increased functionality,” sums up CEO John

I P  O K  i n  s m a l l  d o s e s

The Gartner Group predicts IP-based PBXs will be a winner for smaller installations
by 2004, accounting for more than 50% of all PBXs shipped that year, but a non-starter
in configurations supporting more than 100 users.
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Howsmon.
According to Vertical Networks, replacing a traditional

phone system with InstantOffice can reduce annual WAN
access and usage charges in a typical 50-person sales office from
$64,900 to $43,500. When equipment and operational costs are
factored in, the total savings is about $48,100 per year with a
nine-month payback. And in greenfield installations, the cost
reductions are closer to $60,000.

Part of the savings comes from the ability to do voicemail
networking over the IP WAN cloud.  Traditional voicemail sys-
tems forward messages over the Public Switched Telephone
Network (PSTN) and incur tolls. On an IP network, voicemail
messages can be passed around in a store-and-forward process
and don’t require quality of service (QoS).

Cisco’s customers also report big savings from WAN-side VoIP.
The Virginia Community College System (VCCS) was imple-
menting an interactive voice response (IVR) application in cam-
puses around the state. It compared a traditional setup that would
place a separate IVR system at each site to an IP solution from
Cisco that would distribute IVR services from one server.

“The traditional approach would have cost $1.5 million for
the IVR servers plus maintenance of at least $150,000 per year,”
says Larry Hengehold, vice chancellor of VCCS. Most of these
costs were eliminated by implementing a single centralized IVR
system. The tradeoff was $500,000 per year in toll-free access
charges, but this was partly offset by $250,000 per year savings
on outgoing, in-state, long-distance calls, which essentially
became free.

“Voice has minimal bandwidth requirements, and its addi-
tion has not impacted our DS3 network,” concludes
Hengehold.

VCCS is also moving ahead with some in-campus VoIP
implementations. A new campus coming online this summer
will have a PBX-less voice system with 400 IP phones, and an
existing 300-phone site is being converted to the same solution
to eliminate a Centrex system along with its annual line costs.

One of the problems with Centrex is that it’s an inefficient
way to provision voice services to multiple remote offices.
Subscriber phone lines have to be directly connected to the
Centrex system in the local phone company central office to
receive sophisticated voice services.  A separate service has to
be procured and configured for each site, and it can take weeks
for telcos to set up new Centrex lines.

In a VoIP network, advanced voice services can be provi-
sioned to multiple locations from a single remote server, and
IP phones can be shipped to the remote site and plugged in 
to the network. “IP telephony will dramatically reduce the
time it takes to deploy new services,” sums up Raymond
Keneipp, a director and principal analyst for The Burton
Group in Earlysville, Va., an analyst firm headquartered 
in Midvale, Utah.

Administration vs. management
This ease of administration is a major eye-opener for people

evaluating VoIP.
“Ongoing maintenance and management was the main sell-

ing point,” says Paul Hollen, vice president and CIO of

Southcoast Community Bank, a beta tester of Vertical’s
InstantOffice VoIP product. A new bank based in Mt. Pleasant,
S.C., Southcoast was looking initially for a cost-effective way to
do inter-branch voice and data communications, but also want-
ed a platform that would ultimately support Internet banking
and other e-business initiatives.

Hollen figures he paid a bit more for the Vertical gear vs. a
traditional PBX, but expects to make it up in moves, adds and
changes, which can be peformed in minutes through a Web
browser.

“It couldn’t be simpler,” agrees MarketSoft’s Chandler. “If
someone is playing around with one of the more exotic voice-
mail features and gets into trouble and calls me at home, I can
sit on my couch with my laptop and fix the problem.”

Installation and upgrade
factors also tend to work in
VoIP’s favor. According to
Shoreline’s Fazio, tradition-
al voice systems involve an
installation premium that
amounts to about 15%.

“About half of our cus-
tomers opt for an ‘install
light’ procedure and do the
installation themselves. It
doesn’t require a high-
touch, manufacturer-
involved operation, which is
a revolutionary concept in
voice telephony,” Fazio says.

Also, while traditional
PBX maintenance activi-
ties cost about 12% of the
original purchase price per
year, the Shoreline number
is 9%. Fazio acknowledges
this isn’t a huge difference,
but points out that the
PBX maintenance typically

involves hardware repairs and replacements, not new benefits.
“What you get from us is more like a software maintenance

program,” Fazio says. “We are constantly adding benefits that
you can download.”  

Experts caution, however, that the increased network-engi-
neering requirements of VoIP environments can cancel out
some of the administrative benefits.

“The underlying technology is tried and true, but its imple-
mentation and management are not,” says Teresa Bracco, an
industry analyst for Current Analysis, a market research firm
based in Sterling, Va. She advises companies to ask themselves
the following questions:

● What upgrades will you have to make to your switches to
ensure you have the proper prioritization and bandwidth alloca-
tion mechanisms?

● How long will it take to optimize switches, and how often
do they have to be re-optimized?

● Do outages result when traffic balances shift and the

Virginia Community College

System’s Larry Hengehold

reports big savings from

using a Cisco IP system

instead of a traditional setup

for an IVR application sup-

porting campuses statewide.
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switches fail to allocate resources properly?
● How long do these outages last, and at what business cost?
● How much staff training will be required, and at what cost?
“I haven’t seen numbers on these factors, and they are at the

heart of the matter,” Bracco says.

The real payoff: applications
The bottom line is that hard numbers on cost savings for

VoIP are hard to come by and vary widely. Moreover, they miss
the main reason to converge voice and data networks, which is
to enable new types of applications.

“Our surveys of large businesses indicate that a very low per-
centage of them – in the single digits – are using VoIP for tele-
phony,” says Amanda McCarthy, an analyst for Forrester
Research in Cambridge, Mass. “They won’t put a business
necessity like voice services at risk for a lower price point.
However, VoIP starts to make sense when it is viewed as a solu-
tion that does more than reduce costs.”

Take voice-enabled Web browsing over a mobile handset
that supports the Wireless Access Protocol.
“A mobile user who can bark out a com-
mand that returns an e-mail is doing some-
thing made possible by voice-over-packet
technologies that is new and interesting,
and definitely better and faster than any
alternative,” says McCarthy.

In general, VoIP technology supports a
whole new level of personal mobility, because
it moves telephony routing into the virtual
world of data. Road warriors can log in from
anywhere in the enterprise, and the network
will recognize them and automatically for-
ward calls to them at the temporary location.

Similarly, telecommuters can have soft
phones (PC-based applications that emulate phones) at home
that duplicate the features and setup of their office phones.
Incoming office calls are automatically routed to them over
their data link and don’t tie up the regular home phone line.
Outgoing calls can be routed through the office switch to take
advantage of corporate long-distance rates.

The virtual nature of VoIP makes it easier to contact individ-
uals directly without knowing which of their various communi-
cations devices – traditional desktop phone, cellular phone,
LAN- or PC-based IP phone – they are using at the moment.
For example, Syndeo Corp. has developed a Group Ring tech-
nology that can be used to assign a single number to multiple
devices. When someone calls the number, all the devices ring,
and they all stop ringing when one of them is answered.

“Doing this in today’s PSTN is technologically possible but
economically unfeasible, because it would tie up multiple 64K
bit/sec channels – one for each device,” says Jeff Paine, vice
president of marketing for the Cupertino, Calif.-based start-up.
“In an IP environment, all it involves is signaling.” 

A lot of the initial applications benefits of VoIP are accruing
to customer care efforts, such as Web-enabled call centers with
skills-based routing. 

Take a travel agency with a dozen locations in Manhattan

and a single expert on Alaska. “With a traditional voice system,
you have to know where that expert is physically located before
transferring calls about Alaskan cruises,” says Troy Gross, direc-
tor of business development for Cincinnati-based Cintech, a
computer telephony integration pioneer and developer of IP-
based call center prodcuts.

With VoIP, calls about a certain topic can be automatically
routed to the appropriate expert. This location independence
enables companies to create distributed or ad hoc call centers
and push agents out to remote sites or home offices (see story,
page 23).

Companies can also assign higher priority to certain cus-
tomers and prospects, so that their calls automatically get rout-
ed to higher level agents. “You can start to develop service lev-
els, and go out and promote them,” says Gross. “The contact
center is evolving from a cost center to a strategic asset.”

“All the hard cost savings that people are trying to measure
will come and go,” sums up Micky Tsui, vice president of
Internet telephony at Nortel Networks. “Applications are the

real reason you want a converged network.
And once you have a converged network,
developers will come up with all kinds of
things that they don’t even try with two
separate networks.”

Re-thinking voice
Companies that want to take a proactive

approach are advised to proceed with cau-
tion. Outside of greenfield installations, few
experts advise moving to a pure IP environ-
ment with LAN-based telephony yet. This
is particularly true for traditional businesses
that are highly dependent on voice.

“Right now, the undertaking would be a
bit scary if you were contemplating, say, overhauling the voice
system that supports 300 bloodthirsty, litigating attorneys,” says
Bracco. She and other industry observers don’t expect LAN
telephony to start ramping up for at least two to three years.

Meanwhile, start migrating slowly. Converge the WAN, start
some pilots on the LAN, exploit any greenfield opportunities
that arise, and get a good policy management system in place.
Such an approach will develop internal expertise and get your
company teed up and ready for the big move.

And if dealing with VoIP start-ups makes you nervous, the
traditional PBX vendors are offering migration paths. “Nortel
has given its customers about every option you can think of,”
Keneipp says.  

Perhaps the best endorsement of VoIP is the fact that the
early adopters are thoroughly hooked.  Once you get a taste of
the benefits of convergence, you can’t go back. “We ran into
some problems with our initial computer telephony solution,
because it didn’t scale to support a rapidly expanding start-up,”
says MarketSoft’s Chandler.  “But we had fallen in love with
the freedom that an open voice solution gave us.”

Breidenbach is a freelance technology journalist and consultant.
She can be reached at sbreidenbach@usa.net.

ALL THE HARD COST 
SAVINGS THAT PEOPLE

ARE TRYING TO MEASURE 
WILL COME AND GO.

APPLICATIONS ARE THE
REAL REASON YOU WANT
A CONVERGED NETWORK.

Micky Tsui, Nortel Networks
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ou’ve made the decision to
head down the convergence
trail. You understand there
are risks involved, but you
just can’t stomach the idea
of continually upgrading

your voice and data networks when it appears inevitable they
will indeed become one. So now what do you do? 

To reach the promise of IP convergence – all types of voice,
data and video riding a common backbone – you’ve got to con-
sider everything from bandwidth needs to infrastructure. 

And that’s just the half of it. Next come myriad choices rela-
tive to emerging standards intended to ensure that delay-sensi-
tive traffic doesn’t get clobbered by data in the wild. Multiple
standards bodies – most notably the International Telecommu-
nications Union (ITU), IEEE and Internet Engineering Task
Force (IETF) – are cranking out all kinds of options, all in the
name of providing proper quality of service (QoS) and the ulti-
mate interoperability. 

LAN options
Despite the many variables

associated with building a con-
verged infrastructure, the discus-
sion over what technology to
use in the LAN is essentially
finished: Ethernet has won. 

“Today 99.7% of new LAN
port sales are for Ethernet; the
other .3% are divided between
ATM, token ring and FDDI, and
[the non-Ethernet] percentage is
shrinking, says Brice Clark,
worldwide director of strategic
planning for Hewlett-Packard’s
ProCurve Networking unit.

The only real question
remaining is, what kind of
Ethernet?  

Given falling Ethernet prices,
that question, too, doesn’t take

long to answer. Clark estimates a LAN with a 1G high avail-
ability backbone and 10/100M bit/sec fully switched links to
the desktop costs between $125 and $150 per seat to provision.
With prices that low, there’s little reason to even consider
shared Ethernet anymore.

Since any number of voice over IP (VoIP) products can
squeeze a voice conversation across an 8K bit/sec channel,
a switched 10M bit/sec Ethernet link to the desktop will be suffi-

cient for most end users. If video is also a requirement, you’ll be
looking at more like 384K bit/sec – still plenty of breathing room. 

CIGNA Healthcare is planning to gradually roll out VoIP in
smaller offices of 10 to 20 employees, says Len Dorrian, vice pres-

ident of information manage-
ment and technology for the
company in Bloomfield, Conn.
Last fall CIGNA did a proof of
concept test for its business man-
agers using an early version of
the Lucent IP Exchange System
in which 10 agents used IP
phones for a month to take calls
over the company’s existing
LAN.  The company has also
tested the system with a remote
agent hooked in via an existing
multipurpose T-1 line to a
CIGNA site in Vorhees, N.J. 

Based on his experience thus
far, it is not voice, but CIGNA’s
new suite of desktop applica-
tions, anchored by a Siebel
Systems customer relationship
management program, that has
Dorrian concerned about a
bandwidth crunch. “I don’t

WHAT DOES IT TAKE TO ACHIEVE CONVERGENCE?
START BY EXAMINING YOUR LAN CONFIGURATION AND
ASSESSING YOUR WAN OPTIONS — THEN THROW IN AN
ALPHABET SOUP OF STANDARDS. BY JOHN KIRKLEY.Y

Enabling
the infrastructure
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When it comes to LAN badwidth,“I don’t think voice is

going to be the compelling problem,” says CIGNA

Healthcare’s Len Dorrian.
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think voice is going to be the compelling problem,” he says. 

Out to the WAN 
While the LAN decision is fairly straightforward, you’ve got

several factors to weigh in deciding which technology will work
best in the WAN.

The first issue is latency, or the delay that can be tolerated
before the quality of a VoIP conversation deteriorates to an unac-
ceptable level. Ann Swenson, senior marketing manager for IP
Telephony Solutions at Nortel Networks, says you should shoot
for latency of no more than 150 to 250 milliseconds. “I’ve read
some technical publications that claim you can get toll-quality
voice with up to 300 millisecond delays, but this really is not
acceptable.” Considering 100 milliseconds translates to one-tenth
of a second, you can see her point – a delay of three-tenths of a
second would be like a choppy cell phone connection.

The second key element is the amount of packet loss, which
should not exceed 5% for a voice call, says Brian Witt, director
of product management for workstation and wide-area network
products in Alcatel’s Internetworking division. The final two
elements that Witt says warrant consideration are the reliability
of the infrastructure and cost. 

Witt says you need to assess how important each of the four
criteria are to you when evaluating the main WAN options: pri-
vate lines, frame relay, DSL, cable modems and ATM (see chart). 

HP’s Clark adds Ethernet to the WAN options list.  “Ether-
net is evolving into a fully switched technology with no dis-
tance issues,” he says. 

It would be simpler and cheaper to ship native Ethernet
packets over the wide area than to continually translate packets
into a frame relay or some other format for transport over the
WAN, he says. “Ethernet is the technology that IP grew up on.”

Clark is putting his convictions into practice, championing
the effort to use Ethernet to link HP’s LANs, WANs and met-
ropolitan-area networks (MANs) into a single, transparent
infrastructure that can support all kinds of IP communications,
including voice and video. Private fiber links will support a
backbone of at least 1G bit/sec, with 10/100Base-T Ethernet
switches forging links to desktop IP appliances – such as tele-
phones, PCs, soft phones (PC-based applications that emulate
phones) and other devices.

Down the road, HP expects to use dense wave division mul-
tiplexing (DWDM) on parts of its backbone to increase capaci-
ty to as much as 40G bit/sec, spread over 40 channels. 

While that kind of configuration may be workable in a cam-
pus or metropolitan-area environment with lots of fiber, most
users are saddled with more traditional carrier services. But
equipment vendors are coming out with products that enable
users to take advantage of VoIP on at least an incremental basis.

PBXs are now available that will monitor end-to-end delay
and packet loss on a VoIP call. If conditions fall below accept-
able levels, the PBX can reroute the call over an ISDN link
with no disruption. Alcatel’s OmniPCX is one such product. 

Standards for all seasons 
While the underlying transport technology you choose plays

a role in ensuring voice calls get through with proper quality,
there are also myriad standards in various stages of development
that will aid in the battle.

The ITU H.323 standards define call control, channel
setup and codec specifications for transmitting VoIP and video
over networks that don’t offer guaranteed QoS, such as the
Internet, as well as LANs and WANs.  Codec specifications
incorporated under the H.323 umbrella include G.711, a 64K
pulse code modulation encoder/decoder for voice; G.723.1,
the default encoder for H.323 with a bit rate of 5.3K to 6K;
and G.729, an 8K bit/sec codec. 

H.323 has inherent problems with scalability – not a big
issue with respect to LANs, but a major hurdle for IP telephony
over WANs. Interoperability likewise remains an issue in terms
of getting various features of multivendor phone systems to
work with one another.

Two newer protocols, the Session Initiation Protocol (SIP)
and Media Gateway Control Protocol (MGCP), are designed to
address these scalability and interoperability issues. 

SIP is an IETF standard for providing call setup, routing,
authentication and other features to end devices within an IP
domain, even if those control messages originate outside the
Internet cloud, such as in the Public Switched Telephone
Network (PSTN).

MGCP likewise is intended to foster interoperability
between the PSTN and IP networks, but not on the end device
level.  Instead, it supports the control and management of gate-
way devices at the edge of packet networks, such as VoIP gate-
ways, voice over ATM gateways, cable modems and IP-based
PBXs.  MGCP is still winding its way through the IETF.

“Once the various VoIP standards are in place, you’ll be able
to buy an IP phone at Staples or Office Depot and simply plug
it directly into the network,” says Cisco’s senior director of mar-
keting Marthin deBeer.

While MGCP and SIP address call control features, another
set of standards address QoS. One of them is 802.1p, an IEEE
standard that operates at the Media Access Control layer to pri-
oritize network traffic. The standard is designed primarily for
LANs and lacks the scalability necessary for successful WAN
VoIP transmission. Fortunately 802.1p maps to Differentiated
Services (Diff-Serv), the proposed IETF Layer 3 standard that

H a n d i c a p p i n g  y o u r  Vo I P  WA N  o p t i o n s
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Frame relay
DSL
Cable modems
ATM
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Note: Latency and packet loss rates for DSL and cable modem services
assume they are being used to connect to the Internet, where rates
will vary widely by geography and time of day.

See Infrastructure, page 27.
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ompanies interested in
the benefits of running
voice over IP (VoIP) soon
find themselves facing a
range of choices. PBX vendors may best address
your needs today with minimal risk and invest-

ment, but data equipment providers’ solutions may best meet long
term needs. With merits and drawbacks to each approach, the
one you choose will depend on your particular situation.  

While telephony can be supported on ATM-, frame relay- and
IP-based data networks, only IP can address all of the following:

● Voice coding and packetization 
● Voice transport over the WAN 
● Call management across the network 
● Voice transport over the LAN 
● Packet-enabled voice terminals 
● Integrated presentation layer (user interface)
● Integrated business and productivity applications  
● Integrated management, including directory and policy-
based management 
It is the application-related capabilities of IP, more than cost

savings, driving vendors, service providers and enterprises to
adopt IP telephony. In this article, we’ll help you decide which
of three IP approaches will best serve your enterprise. 

Comparing architectures
There are significant

differences in the way
vendors approach IP con-
vergence. These differ-
ences include:

● Product packaging –
for example, how func-
tionality is distributed
across the LAN or cir-
cuit-switched network
● Switching fabrics –
the use of IP packet for-
warding vs. a circuit-
switched time division
multiplexing (TDM)
architecture
● The distribution and
use of VoIP gateways
for handling trunk or

line interfaces
● Location of call control servers
● Support for legacy analog or digital phones, fax machines,
speakerphones and other equipment
● Location of real-time vs. non-real-time resources
Most IP telephony products can be placed into one of three

categories. For the lack of standard terminology, we’ll refer to
the architectures as IP-enabled PBXs, IP-only and hybrids.

IP-enabled PBX architecture
Traditional PBX vendors looking to create a transitional first

step toward IP migration typically use the IP-enabled architec-
ture. Most PBX vendors, including Lucent Technologies, Nortel
Networks and Alcatel, offer products using this architecture.
This approach requires few changes to the PBX: essentially, it
involves only the addition of IP line cards and trunk cards
(with Ethernet interfaces) to a PBX (see Figure 1). The new
line cards provide all of the VoIP gateway functionality for con-
verting between the TDM bus of the PBX and an Ethernet
LAN running IP. Existing PBX call control and voice commu-
nications are simply extended over the IP network.

Depending upon the
product, line cards may
accommodate either com-
munications with Ethernet
phones on the LAN, or
trunk communications
with other IP-attached
PBXs located elsewhere on
the IP network.

The IP-enabled archi-
tecture is attractive from a
PBX vendor’s view because
it is a relatively easy way to
implement a VoIP offering
while still allowing the
vendor to leverage and add
additional capacity to its
older product line.

One of the benefits the
architecture affords is the

A LOOK INTO THE THREE MAIN APPROACHES TO 
RUNNING VOICE OVER YOUR LAN. BY RAYMOND KENEIPP.C
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