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Executive Summary
Like the personal PC in the 1990s, Bluetooth is a
revolutionary technology that could infiltrate every
facet of society from personal PCs to network
appliances. In its simplest rendition, Bluetooth offers
freedom from the barrage of cables and wires that
connect everything from computers and printers to
PDAs and scanners in today’s computer environment.
At its height, however, Bluetooth promises to deliver a
host of new device-to-device communications
eventually creating a seamless, wireless Personal Area
Network where devices automatically detect,
communicate, and synchronize with one another.
Bluetooth, however, is still a network externality story
and the main question this paper attempts to answer is
will Bluetooth deliver on its promised benefits, and if
so when? First and foremost this paper examines the
role of Bluetooth in relation to alternative wireless
technologies such as IEEE 802.11b, and discusses
which will take control in the marketplace. Second,
this paper outlines the current state of the technology
and the obstacles that lay ahead as it moves towards
sustainability. Finally, this paper takes inventory of
the products we are most likely to see in the next two
years, and discusses the time horizon for Bluetooth
product rollouts.

Unleashing the Bite
To the novice, Bluetooth is no more than a radio that
transmits information from one place to another. But
this little radio, due to its size, range, speed, and
portability, may prove to be one of the most versatile
inventions of the last ten years. Why? Because
Bluetooth isn’t just any radio, it is a miniature radio
that can be installed in virtually every computing
device or home/office appliance and, more
importantly, it allows all these devices to
automatically communicate with each other in a
seamless personal network.
Imagine the functionality of the Bluetooth enabled
home environment. First, as the homeowner walks in
the door with a Bluetooth enabled PDA, the PDA
would check for messages on the answering machine,
automatically detect changes in a calendaring system
adding relevant dates and appointments, check for the
latest emails, and send VCR instructions to record a
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favorite TV show all before the user can get a quick
bite to eat from the fridge. And, instead of sitting
down at a computer to finish up a few notes on a
report, the home user might spend some time on a
treadmill or stationary bike, dictating those same notes
via a Bluetooth enabled wireless headset.
Likewise, in the Bluetooth enabled office environment
an employee would find an array (or disarray) of
cables disappear from the landscape. No more
keyboards or mice connected by dangling wires.
Laptops could connect to network environments,
printers, scanners, and fax machines anywhere,
anytime without carrying or using any cables.
Moreover, Bluetooth enabled wireless headsets that
double as phones and personal intercom devices would
replace all cord-attached handsets.
Exhibit 1: Envisioned Freedom & Productivity

“I want the ability to access information instantly
anywhere anytime, …as if I’m at my desk”
Source: Toshiba 2001
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These examples illustrate the real “bite” unleashed by
Bluetooth. The advantages are twofold—freedom and
productivity. First, users enjoy a new sense of
freedom from the barrage of cables and wires that
hinder mobility and functionality. Users could move
from office to conference room and later to production
floor while never losing contact with a seamless
Personal Area Network (PAN) that travels anywhere.
Second, with new Bluetooth inspired applications,
users everywhere will enjoy a heightened sense of
productivity not only at work, but also at home where
time management is increasingly important.
But is Bluetooth really all bark and no bite? To
answer this question, it is first important to discuss
Bluetooth in light of its alternative technologies, such
as IEEE 802.11b. Indeed, IEEE 802.11b has enjoyed a

Bluetooth: Unleashing the Bite

faster adoption rate in the wireless Local Area
Network (LAN) arena, but its higher power
consumption still make it inefficient for smaller
computing environments. Hereafter, the advantages
and disadvantages of Bluetooth are weighed in the
context of its alternative technologies.
Moreover, Bluetooth itself faces its own
implementation challenges and impediments before it
becomes a reality. Standardization, interoperability,
and security remain concerns. Whether these become
crippling obstacles or burgeoning opportunities are a
topic of discussion as the technology moves forward.
These impediments are explained in detail; and this
paper looks at how well the industry is overcoming
these barriers–whether perceived or real—and which
ones might keep the technology grounded.
Finally, Bluetooth applications have been highly
anticipated, but where are they? This paper completes
its discussion of Bluetooth by highlighting and
reviewing the assortment of Bluetooth applications
and the current roadmap for product delivery. Indeed,
HP, Intel, Motorola, Ericsson, Toshiba, and Nokia
have all recently announced new Bluetooth enabled
products for sale today, but in light of Microsoft’s
announcement in April 2001 to withdraw support for a
seamless Bluetooth platform on the release of its
newest operating system, the lingering question is…
Is Bluetooth too late?

Alternative Technologies:
Substitutes or
Complements?
Defining the relationship between the technologies
surrounding Bluetooth involves examining each
technology within the broader context of the overall
wireless landscape. Much has been said and written
recently about the competitive dynamics among
wireless networking technologies. Will IEEE 802.11b
destroy HomeRF in the marketplace? Will Bluetooth
replace infrared as the primary means of short-range
data exchange? Some analysts have even postulated
that Bluetooth and IEEE 802.11b are in a competitive
battle to the death, ignoring basic functionality
differences between the two technologies. Much of
the confusion surrounding the wireless technology
landscape results from the mult iple dimensions that
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Bluetooth – Radio Revisited
What exactly is it?
Invented by Ericsson in 1994 as an inexpensive
method for cable replacement, Bluetooth has grown
into a wireless standard that specifies how mobile
phones, computers, PDAs, and other wireless
products will communicate with one another and is
primarily meant for low range, low power
consumption communication between two
electronic devices.

How does it work?
Bluetooth is essentially composed of three key
parts—a miniature radio transmitter that is installed
into any computing device, a baseband that allows
two Bluetooth enabled devices to communicate with
one another, and a variety of profiles that delineate
what Bluetooth application will be used. Together,
these create a seamless wireless communication
portal between one electronic device and another.

What do the different parts do?
Radio transmitter: this is a frequency hopping radio,
meaning, after every transmission or reception it
'hops' or changes frequency. This is done so that it
can avoid interference with other devices.
Bluetooth wireless technology uses the ISM
(Industrial Scientific and Medical) band around 2.4
GHz because it is available unlicensed in most
countries; but because it is unlicensed, Bluetooth
wireless technology must compete with other
technologies, so it is subject to interference.
Baseband: assembles various different packets for
transmission, receives packets, checks them and
passes them up the stack if they are correct. It also
handles retransmission of eroded packets, and
manages simple low-level flow control.
Profiles: describe ways the Bluetooth core
specification can be used in different products. The
idea is that if everybody follows the profiles then
products will interoperate. So for instance they
describe how to connect with a headset, what
records should go into Service Discovery databases,
and what names to use for features.
For more detailed information behind the history and
technology surrounding the development of Bluetooth refer to
Ericsson’s Bluetooth Beginner’s Guide in Appendix B.
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must be considered in order to fully understand the
trade-offs involved in using one technology versus
another. Therefore, in order to understand the future
potential of Bluetooth, it is critical to first analyze the
wireless networking landscape in more depth and
develop a more complete outlook on how these
technologies will interact in the marketplace.

Relationship Between 3G and LAN
On the most basic level, wireless technology involves
the exchange of information using radio frequency
spectrum. Therefore, the most natural dimensions to
use in gaining a first-cut analysis of the landscape are
speed and range. In other words, if the objective is
information exchange, the key dimensions to measure
are how quickly does data transfer occur (Mbps), and
second, over what range (distance) does each wireless
technology communicate.
This first-cut analysis is useful in explaining the hype
surrounding the rollout of the next generation of
mobile telephony, otherwise known as 3G. Using
speed and coverage as the only analysis tool, the
objective of the wireless game is reduced to simply
obtaining the highest bandwidth with the greatest
range. The apparent promise of 3G lies in its ability to
deliver relatively high-speed wireless communication
(several hundred Kbps) over a wide coverage area.
With such broad capabilities, it is tempting to
conceptualize 3G networks as a one-size-fits-all
solution to communications.

across Europe in 2000 (over $300 billion). Bidders
justified their purchases of spectrum with business
models that promised anywhere, anytime seamless
broadband access to the Internet. Their business cases
were justified using two assumptions: first, that there
will be widespread adoption of 3G technology
resulting in a large user base, and second, that there
will be new opportunities for value creation through
Exhibit 3: The Effect of Wireless LAN on 3G
What 3G Operators Expect:
3G operator provides seamless connectivity

International
Network

National
Backbone

Local Loop

Office/Home

Individual

How Wireless Local Area Networks Change the Picture :
3G

International
Network

National
Backbone

Wireless LAN/PAN

Local Loop

Office/Home

Individual

Arthur Andersen

the convenient connection of individuals to
information anytime, anyplace, whether the individual
is stationary or on the move. However, according to
Arthur Andersen, local and personal area network
technologies such as Bluetooth, IEEE 802.11b, and
HomeRF will likely siphon off some value from this
equation in the context of local interactions due to
cost, bandwidth, and access device considerations.

Exhibit 2: The Wireless Data Landscape
20 Mbps

802.11b
10 Mbps

Implied Objective?
HomeRF

Speed

2 Mbps

2.5/3G

1 Mbps

IR LANs
Bluetooth
Broadband
PCS
56 Kbps

19.6 Kbps
9.6 Kbps

Narrowband
Wireless LANs

Narrowband
PCS

Local

Satellite

Wide

For example, within local contexts such as airports,
shopping arcades, and other major centers where
people browse for information, a business model
involving a one-time Bluetooth server cost of
approximately $3,000 has the potential to provide
significant savings over ongoing 3G airtime costs by
effectively creating a low-cost fixed-network
infrastructure for all types of data transmission. As a
result, it is constructive to revise the 3G providers’
view of the future wireless value chain to include the
vision of complementary wireless local area network
(LAN) and personal area network (PAN) technologies.

Coverage Area

However, this one-size-fits-all perspective on 3G is
one of the main contributing factors that led to the
exorbitant prices paid for spectrum in the 3G auctions
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The complementary relationship between wireless
LAN technologies and 3G is best illustrated using a
concrete example. In Finland, vending machine mcommerce is currently achieved by placing a mobile
call to a number listed on the machine and keying in
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an identification number for the product being
purchased. This is an example of the utilization of
wide area network bandwidth for the purpose of a
local transaction. With more advanced 3G
applications, each of the devices involved in the
transaction will require expensive transceivers and
base stations will need sufficient capacity to carry an
ever-increasing load of traffic (Angell, 2001).
In the real world, cost considerations are a major
factor driving technology adoption trends. If costs
increase with faster and wider coverage as analysts
expect them to in the case of 3G (Merrill Lynch,
12/4/2000), then the business case for a range of
complementary local wireless technologies gains
significant strength. Therefore, by adding new
dimensions such as cost to the analysis of the wireless
landscape, the need for LAN technologies that
function as complements to wide area networking
technologies such as 3G become evident.

LAN Technologies
The next task is to differentiate the various
technologies within the wireless LAN field. The first
step in this differentiation is to return to the speed
versus coverage area analysis to see that there are two
groups of technologies—one filling the personal area
network space (10 meters) at relatively modest speeds
of approximately 1Mbps, and the other filling the local
area network space (50-100 meters) at faster speeds of
10-11Mbps.

Exhibit 4: Local Wireless Technologies
11

802.11b
10

(Mbps)

Speed

HomeRF

2

IR LANs

jumping to the conclusion that IEEE 802.11b and
HomeRF will naturally win the battle to cover the
entire LAN space due to the fact that they provide
faster and wider network access. Yet, when additional
layers such as the type of access device are added to
the analysis, it becomes obvious that there is a role for
both types of technology, and interestin gly, the
winners within each category become apparent.
Exhibit 5: Comparison Wireless Standards
IEEE
802.11b

HomeRF

Bluetooth Infrared

Speed

11 Mbps

1, 2, 10 Mbps 30-400
Kbps

1-4 Mbps

Range

100 meters

50 meters

10 meters

1 meter

Power
Usage

100 mW

100 mW

1 mW

100 mW

Cost/
Device

$150

$150

$5

$5

Use

Office or
campus
LAN

Home office, Personal
house and
area
yard
network

Direct 1-1
Transfers

Types of
terminals

Laptop and
Desktop

Laptop and
Desktop

Built into
laptop, cell
phone, &
PDAs

Anything
electronic

The Access Device
Examining the wireless technologies through the lens
of the access device highlights a critical battle being
waged in the hardware industry. The convergence of
telecommunic ations and computing has led to a battle
between hardware manufacturers in each industry to
become the device of choice for accessing information
and telecommunications devices used to communicate
in the new economy. Until recently, PC manufacturers
have maintained secure control over the access point
to the Internet. However, with the advent of more
advanced wireless telecommunications networks being
built with the express purpose of handling data, the PC
industry’s strangle-hold on the Internet access point is
rapidly dissolving. The notion of anytime, anywhere
connectivity plays directly into the hands of the
manufacturers of smaller and more mobile devices
such as PDAs and wireless handsets.

1

Bluetooth

1

10

50

100

Coverage Area
(meters)

Bluetooth and Infrared fall into the first group while
IEEE 802.11b and HomeRF fall into the second group.
Once again, however, this framework encourages
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In the short-term, neither side is going to “win” the
battle. There is an inherent trade-off between screen
size and portability. More likely, there is going to be a
proliferation in the number and types of computing
and telecommunications devices used to communicate
and access information. This proliferation alone
provides the short-term market opportunity for
7

Bluetooth. Already, workspaces are clogged with an
ever-increasing tangle of wires. Bluetooth is designed
to seamlessly connect the rapidly expanding universe
of devices into wireless personal area networks. More
interesting, however, is the notion that the different
types of access devices have very different benefits
and limitations that will dictate the use of specific
wireless technologies.
First and foremost, smaller mobile devices such as
PDAs and wireless handsets have severe power
constraints. Without a grounded power connection,
these smaller devices rely on a limited supply of
battery power. Bluetooth has a 100-fold advantage
over infrared, 802.11b, and HomeRF with regard to
power consumption (1Megawatt versus 100
Megawatt). As a result, the power limitations of
smaller battery-powered devices will naturally drive
them towards Bluetooth for wireless connectivity.
This insight has large implications in defining
Bluetooth’s niche market. Bluetooth will likely
capture the market for devices such as PDAs and
wireless handsets due primarily to the power constraint
issue. In addition, Bluetooth’s hold on the small
device market will ensure its inclusion in the laptop
and PC market due to the need to synchronize and
exchange information between devices.
Second is the cost issue. 802.11b wireless LAN
involves the purchase of $150-200 adaptor cards for
every device using the LAN. This cost element is
much more palatable for a $1,500-4,000 laptop
computer that will be used for high-speed wireless
web surfing than it is for smaller, less expensive
devices. The cost of this adaptor doubles or triples the
cost of a mobile phone handset that will most likely
only be used for accessing limited amounts of highly
selective data (due to the small screen size).
Therefore, the estimated five-dollar cost target of an
embedded Bluetooth radio makes Bluetooth the
wireless technology of choice for smaller devices.
An examination of the cost versus functionality tradeoff illustrates a major difference between LAN and
Bluetooth. Granted, LAN technologies provide higher
speed access over wider areas. However, the fifteenfold cost increase of this higher performance is not
justified for devices that are not likely to be used for
surfing the web in the short-term. Furthermore, by
achieving the lower cost base, Bluetooth can be
installed in a huge number of devices, from
refrigerators to VCRs, thereby opening the door to a
8

vast number of potential applications. In sum, there is
a role for both the more expensive, faster LAN
technologies and the cheaper, slower PAN
technologies.
Solutions utilizing the IEEE 802.11b standard are
already being deployed on a widespread basis. Large
corporations, universities, and school districts are
building 802.11b networks as an alternative to running
cables through office buildings, dormitories and
classrooms. And hotels, conference centers, and
airports are beginning to build out 802.11b networks,
enabling people to use PC cards for LAN access
(Andy Dornan, Network Magazine, April, 2001).
The roll-out of the 802.11 networking standard is
supported by more than 70 companies, including
Apple Computer, 3Com, Cisco Systems, Dell
Computer and Sony. Even though the competing
standard, HomeRF, was also backed by heavy hitters
(Intel, Motorola, and Hewlett-Packard), it was
originally marketed to the home office customer and
has failed to gain a strong foothold in the market. As a
result of the rapid adoption rate of 802.11b in the
corporate market, HomeRF is increasingly facing an
uphill battle due to end-users unwillingness to have
two separate wireless networking cards—802.11b for
work and HomeRF for home (Wong, 11/28/2000). As
a result, solutions based on IEEE 802.11b are likely to
gain a dominant share of this market over the next two
years before new 5GHz systems based on IEEE
802.11a and/or HiperLAN2 replace them.
However, the power consumption and cost weaknesses
of the wireless LAN technologies create a powerful
niche market for a PAN technology such as Bluetooth.
Bluetooth will not replace wireless LAN equipment
since its maximum throughput is less than 1 Mbps.
Yet Bluetooth will become a low-cost, low power
consumption technology used to eliminate the need for
wires and cables and to create wireless PANs that will
spawn the development of an entirely new generation
of wireless applications. Bluetooth will overtake
infrared due to IR’s limitation in range (1 meter) and
the requirement of a clear, line-of-sight view from one
device to another. In the near-term, infrared will not
disappear due to its large installed base in the
marketplace and its strength for person-to-person
applications. But in the long-term, the limitations
associated with infrared play into the hands of
Bluetooth.
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Usage

Features

Technology

Exhibit 6: Complementary Technologies
Bluetooth

Lower Cost, Lower Power
Speed: 1 Mbps
Typical Distance: 100 feet

Cable Replacement
PAN (Personal Area Network)
Ad-Hoc Network
Link Notebooks with
Cell Phone or PDA, localized
voice connectivity

Source: Toshiba 2001

802.11b

Higher Cost, Higher Power
Speed: 11 Mbps
Typical Distance: 300 feet

Ethernet w/o wires
WLAN (Local Area Network)
Corporate Infrastructure Small
Biz/Home LAN-in-box,
Extension/Replacement of
wired LAN infrastructure
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As a result, over the next two years, the market will
witness the mass deployment of both Bluetooth and
IEEE 802.11b technologies. The design
characteristics of the two technologies will allow the
segmented targeting of different applications to similar
but different market spaces. Both types of
technologies are striving towards the standard
networking goals of achie ving interoperability and
security, but they have distinctly different design
goals. Bluetooth is designed for short-range low-cost
communication while IEEE 802.11b is for higherspeed network access between computers. The limited
overlap between these two technologies will enable
both standards to carve out unique market positions.

Impediments: Obstacles or
Opportunities?
Given the market potential, some are wondering what
has delayed the deployment of Bluetooth enabled
devices? Perhaps the media is partly to blame for
over-hyping products and creating unrealistic
expectations for the proliferation and performance of
upcoming Bluetooth technologies. But media hype
aside, Bluetooth does face real obstacles as it enters
the wireless space. For the consortium of core
Bluetooth developers, the primary obstacle remains
standardization. Thereafter, a host of technological
hurdles dealing with specifications, quality control,
and security of data still exist. Finally, the lack of
Bluetooth applications in today’s market, discussed in
further detail under Applications, threatens consumer
confidence in Bluetooth as a viable wireless
technology.
Kellogg TechVenture 2001 Anthology

This poor consumer confidence will only serve to
weaken the pace of Bluetooth adoption. However, it is
this very dissatisfaction that drives the dedication and
renewed focus of Bluetooth developers. Rather than
pitching Bluetooth as a technology that does all things
for all people, developers are once again focused on
the creation of need-to-have applic ations targeting
niche markets. The end result will be the successful
introduction of key Bluetooth applic ations throughout
2001 and 2002, and the full proliferation of Bluetooth
products and applications through 2004 and beyond.

Standardization
Standardization and interoperability are at the
forefront of Bluetooth development. Since the
creation of the Special Interest Group, developers have
constantly worked to create a single standard through
which all Bluetooth enabled devices would
communicate with one another. The original
specification for Bluetooth, BT v1.0b, introduced in
July of 1999, was described as ambiguous, and tests of
products following this specification exhibited
interoperability problems. In November 2000, the SIG
released an updated set of standards called BT v1.1 to
replace the confusing BT v1.0b. This new version
includes clarifications and corrections that ensure
interoperability moving forward. Fortunately, these
updates are software based and are not considered
difficult to adopt, which means this new specification
should not cause significant delays for semiconductor
companies.
While the Bluetooth specification attempts to set clear
rules for building products, the qualific ation process,
under the authority of the SIG, guarantees that all
Bluetooth devices can communicate with each other.
Hence, the Bluetooth Qualification Body (BQB) must
approve Products wanting Bluetooth backing. Merrill
Lynch reports that Bluetooth will have several testing
centers located around the world responsible for
rejecting or approving Bluetooth enabled products.
However, in the race to market, many companies are
seeking 3rd party testing, while others are doing selftest and sending their results to the BQB (Merrill
Lynch, “It will not be a Bluetooth Christmas”).
Furthermore, many of the qualifie d products were built
using the BT v1.0b specification, which is being
phased out because of errors and possible
interoperability problems.

9

Interoperability

Security

Bluetooth devices operate on the ISM (Industrial
Scientific Medical) applications band that is available
for free to most parts of the world. The 2.4 GHz
frequency is considered a noisy and crowded
frequency band, which is shared by almost every
appliance, including microwave ovens, wireless
speakers, and garage door openers. Because Bluetooth
uses low transmission power, it is susceptible to
interference from this noisy environment. However,
because Bluetooth technology is a fast frequency
hopper, and hops frequencies 1,600 times a second, it
is shielded from losing connectivity. IEEE 802.11
also works on the 2.4GHz band, but might eventually
move to the 5.2GHz band where data rates are much
faster and can support heavier mult imedia
applications. Frequency problems are expected to
continue as Bluetooth devices grow into the billions,
and even the SIG admits there is a chance of
performance degradation in the crowded space
(Merrill Lynch, Techstrat Thoughts, December 4,
2000).

As companies rush to launch new products to the
wireless market, attention to security also becomes
increasingly important. According to research from
the Gartner Group, computer scientists from the
University of California at Berkeley announced in
February 2001 that they had discovered a flaw in the
IEEE 802.11b Wired Equivalent Privacy (WEP)
protocol that allows hackers to intercept the
transmission of data, read it, and modify it unnoticed
(“A Lesson in Managing Security Risks of New
Technologies”, Pescatore, John, 6 February 2001).

Cost
Perhaps the biggest impediment to Bluetooth adoption
is the cost and size of radio chips. The hardware
needed to integrate Bluetooth into devices is
expensive, and in order to persuade equipment
manufacturers to include the technology, the
production cost must be low. Industry experts point to
the success of infrared interfaces introduced to mobile
phones and PC’s with a target cost at $5. Today over
90% of portable PC’s have IR interfaces built-in
(Merrill Lynch, We Are Getting Closer, Update,
February 8, 2001). The challenge for Bluetooth,
which is a technology that is more complex than IR
and therefore more expensive, is to come up with a
low cost, unobtrusive chip.
Fortunately, as with most technology innovations,
upgrades are fast on the way. Today, unit prices range
between $8 and $30, and the competition among
chipmakers is fierce. At the forefront of the
excitement is Cambridge Silicon Radio (CSR), a UKbased start-up that is ahead of the pack with cheaper
Bluetooth enabled chips. CSR, as well as Texas
Instruments, plans to unveil $5 chips by 2002, with
several more competing companies (Infineon, Alcatel)
saying they also will be competing in this price range.
Expectations are high that chips will fall below the $5
range by 2003.
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One of the most recent failures of IEEE 802.11b
security occurred in January at an exclusive annual
meeting attended by the leaders of business and
government in Davos, Switzerland. The entire town
was equipped with 802.11b access points, and every
delegate received a PDA fitted with a transceiver card.
Representatives could walk around while sending and
receiving data at broadband speeds. But despite the
use of a large police force, meeting participants were
not entirely protected. A group of hackers managed to
break into the Davos network, pilfering personal
information including Jeff Bezo’s cell phone number,
Yasser Arafat’s network passwords, and Bill Gate’s
email address (Andy Dornan, Network Magazine,
April, 2001).
This is in contrast to the Bluetooth security
specification that supports authentication (onedirectional or mutual) and encryption. Authentication
prevents unauthorized parties from accessing data,
while encryption prevents outsiders from reading data.
Authentic ation, encryption, frequency hopping, and a
small frequency range combined, give Bluetooth a
strong defense against security breakdowns.
While Bluetooth ad hoc networking does make it more
secure, Bluetooth security still has flaws, and they do
not always point to the technology. That is, even
though vendors might rigorously integrate security
technology—protocol stacks, encryption, and shared
keys—it is the users who fail to use the security
features properly. According to Nigel Ballard, Vice
President of Products Strategies at Portland based
Cerulic, Inc., “people don’t even take the time to
change their passwords from their defaults ‘public’ or
‘101’”.
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These passwords are intended to protect individuals
and their data in the same way a login password
secures access to data on a PC. Clearly, if these
passwords are to play a part in security, then the public
must be educated on how to properly and effectively
use these security features.

Network Externalities
The Bluetooth rollout also relies on the extensive
proliferation of Bluetooth enabled products, so it is
unfortunate that repeated delays have impeded the
growth of the Bluetooth network. Certainly,
Microsoft’s latest decision to pull Bluetooth from its
Windows XP launch delivers a serious blow to
Bluetooth’s credibility and growth. Beginning
September 2001, laptops are slated to be Bluetooth
enabled with 13 user profiles, while PDA’s and cell
phones might have only 3 or 4 profiles. Profiles,
which will be listed in detail in the next section, are
applications that allow devices to communicate and
exchange data. For example, one profile is called the
headset profile, and only devices with the headset
profile can exchange data with one another. Audio
profiles are in the works. Many devices deemed
Bluetooth-enabled will not be able to exchange
information with all devices, unless they contain a full
set of profiles.
Despite the delays, Bluetooth is still projected to be a
$5 billion market within the next five years (Merrill
Lynch February 8, 2001). And as chip prices continue
to fall, applications will follow. The next step is to
examine the second generation of Bluetooth-focused
companies vying to own the applic ation space.

Applications
Bluetooth technology was initially developed to
replace cables and connect devices with a short-range
radio link. Today, it has evolved into a more
promising technology that will enable easy
synchronization, quick ad-hoc networking, and great
mobility through wireless connections. The Bluetooth
Application Road Map outlines the development
trends and relationships between various segments of
Bluetooth functions and applications.
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Exhibit 7: Bluetooth Application Roadmap
Cable Replacement
Synchronization
Ad-hoc Connectivity
New/Additional Use of Established Products
M-Commerce
New Consumer Electronics

The most immediate and short-term benefits of
Bluetooth technology are cable replacement,
synchronization, and ad-hoc connectivity. These will
be enabled through Bluetooth chipsets added to
existing products such as laptop computers and mobile
phones.
Other than handsets, PCs and laptops, there will be a
whole host of other products driving the adoption of
Bluetooth technology. These products, either in new
models or in existing models with improved features,
include digital cameras, digital TV set/top boxes,
modems, printers, and industrial appliances. The
Bluetooth penetration rate for digital still cameras, for
example, is expected to increase from 2% in 2001 to
60% in 2006. Moreover, same rate for digital TV is
expected to hit 65% in 2006 (Merrill Lynch, February
8, 2001).
The emergence and adoption of Bluetooth technology
will also facilitate m-commerce. Similar to digital
wallets, Bluetooth-enabled handheld phones or other
mobile devices offer the means to pay for transactions
without repeatedly entering credit card numbers or
incurring the risk of storing credit card numbers on the
wireless device. It will make m-commerce easier. As
consumers become more comfortable with quick, easy
and secure means for communicating and transacting
over wireless devices, m-commerce revenues will
increase. Companies will compete for revenues from
data access, m-commerce, and advertising. Based on
analysts pricing estimates, this could translate to $18.5
billion of data access revenues, $2.4 billion of
m-commerce, and $1.2 billion of advertising revenues
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by 2005 (Goldman Sachs, “Mobile Internet Primer,”
July 14, 2000).

Exhibit 9: Bluetooth Profiles
Generic Access Profile

Although it is still too early to confirm many industry
forecasts, the “average price per chipset” is believed to
be a good indication of the Bluetooth market volumes
and shares. Price per chipset, indicated earlier, is
currently between $8 and $30, but is expected to fall
below $5 by early 2003.

Bluetooth Profiles and User Models
To enable wireless communications, Bluetooth
technology needs to be integrated into the devices. In
addition, the devices should be designed to perform
under the same Bluetooth profile. Bluetooth
applications are designed based on a number of
profiles defined by the Bluetooth standardization
organization.
Technically defined, profiles describe how
implementations of user models are to be
accomplished. The user models describe a number of
user scenarios where Bluetooth performs the radio
transmission. A profile can be thought as “a vertical
slice through the protocol stack”(AU-System,
Bluetooth White paper, January 2000). It defines
protocols for the air interface for any type of user case
and parameter ranges for each protocol.
There are four general profiles defined, on which the
highest prioritized user models are directly based on.
These four models and their descriptions are:
Exhibit 8: General Bluetooth Profiles
Profile
Generic Access
Profile (GAP)

Service Discovery
Application
Profile (SDAP)
Serial Port Profile

Generic Object
Exchange Profile
(GOEP )

Description
Defines how two Bluetooth units can
discover and establish a connection with
each other and exchange information via
Bluetooth.
Defines the invest igation of services
available to a Bluetooth unit. Handles
searches for specific and generic
services.
Defines how to set up virtual serial ports
on two devices and connecting them with
Bluetooth.
Defines a set of protocols and procedures
to be used by applications handling
object exchanges.

SIG has identified a number of user models as
fundamental Bluetooth applications. Every user model
has one or more corresponding profiles. The
following is an illustration of the Bluetooth profiles
and how they are related.
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TCS Binary Profiles
Cordless Telephony
Profile

Service Discovery
Profile

Intercom
Profile

Serial Port Profile
Dial Up Networking
Profile

Generic Object
Exchange Profile

Fax Profile

File Transfer
Profile

Headset Profile

Object Push
Profile
Synchronization
Profile

LAN Access
Profile

To communicate between devices, the two or more
Bluetooth enabled devices must have the same profiles
and user models. A number of representative user
models and their descriptions are:
Exhibit 10: Bluetooth User Models
User Model

Description

File Transfer

Offers the capability to transfer data objects
from one Bluetooth device to another.
Describes how a mobile phone or cordless
modem provides a PC with dial-up networking
capabilities without the need for physical
connection to the PC.
Similar to the Internet Bridge model.
Describes how data terminals use a LAN
access point as a wireless connection to a
Local Area Network.
Provides the means for automatic
synchronization between multiple devices (i.e.
a desktop PC, a portable PC, and a notebook).
Describes how a telephone handset may
connect to three different service providers,
acting as a cordless phone at home, a “walkietalkie,” and a cellular phone via the cellular
infrastructure.
Defines how a Bluetooth equipped wireless
headset can be connected, to act as a remote
unit’s audio input and output interface.

Internet Bridge

LAN Access

Synchronization

Three-in-One
Phone

Ultimate
Headset

Major Bluetooth Applications
There are four common functions seen in various
Bluetooth-enabled applications: 1) Cable
Replacement; 2) Automated Synchronization; 3) Adhoc Connectivity; and 4) Wireless Personal Area
Network (WPAN).

Cable Replacement
Bluetooth enables users to connect a wide range of
computing and telecommunications devices easily and
simply, without the need to buy, carry or connect
cables. Thus, it eliminates the need to purchase
Bluetooth: Unleashing the Bite

additional or proprietary cabling to connect individual
devices. Because Bluetooth can be used for a variety
of purposes, it will also potentially replace multiple
cable connections via a single radio link.

Automated Synchronization
The proliferation of different devices makes data
synchronization and aggregation services extremely
complex yet very important. There are three types of
synchronization. Point-to-point synchronization
involves data exchanges between two devices.
Multipoint synchronization involves data updating of
connected devices through a central data repository.
Multi-device synchronization involves data exchanges
between multiple devices via a central data repository.
With connectivity between any two devices enabled by
Bluetooth, users can automatically synchronize any
type of information among any computing device (e.g.
contact and calendar information among desktop,
notebook, and palmtop computers).

Ad-hoc Connectivity
When two Bluetooth devices come close together, they
automatically detect each other and establish a
network connection. This delivers opportunities for
rapid ad-hoc connections, and the possibility of
automatic, unconscious, connections between devices
and creates a new form of networking, that of
unmanaged, dynamic networks of devices that
spontaneously and unpredictably join and leave the
network.

Wireless Personal Area Networks (WPAN)
This Ad-hoc connectivity can be extended to more
than two devices within a user’s Personal Operating
Space (POS). This multipoint connectivity among
wireless devices creates a network called a Wireless
Personal Area Network (WPAN).

Major Bluetooth Market Segments
These unique components that makeup a Bluetooth
communication creates a huge potential for
applications in at least four key segments: 1) Home
Networking; 2) Interactive Office; 3) Mobile eBusiness; and 4) Automotive and Industry
Applications. These are explored further, including
some scenarios illustrating potential for Bluetooth
applications:
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Home Networking
Bluetooth provides an opportunity for all information
appliances in the home (entertainment systems,
refrigerators, washers, dryers, security systems and
control systems) and mobile electronic devices (such
as smart-phones, PDAs, notebook and desktop
computers) to interact and communicate wirelessly.
Specific scenarios are as follows:
The Three-in-one Phone – At home, your phone
functions as a portable phone. When you are on the
move, it functions as a mobile phone. And when your
phone comes within range of another mobile phone
with built-in Bluetooth wireless technology it
functions as a walkie -talkie. Benefits include user
based optimal pricing (fixed charge when it functions
as a portable phone, mobile charge if mobile phone, no
charge as a walkie -talkie) and “one telephone, one
number” regardless of location.
The Universal Remote – As more and more home
appliances are equipped with Bluetooth technology,
any personal Bluetooth device, such as PDA or smartphone, could be used to query and control other
devices. Thus, one could receive an alert from the
dryer that the clothes are dry, arm the security system,
and change channels on the television.

Interactive Office
A Bluetooth network in the office enables users to
connect to the network from virtually any location.
Furthermore, each Bluetooth device could be
connected to 200 other devices making the connection
between every other device possible. Since it supports
both point to point and point to multipoint it will
virtually make the maximum number of
simultaneously linked devices unlimited.
The Ultimate LAN – The Bluetooth technology
connects all office peripherals wirelessly. Connect
notebooks to printers, scanners and faxes. Even the
mouse or the keyboard need not be connected to the
computer.
The Interactive Conferences – In meetings and
conferences documents can be transferred instantly
among participants. Notes from Bluetooth enabled
whiteboards could be sent directly to participants’
computer or palmtops. Electronic business cards can
be exchanged automatically, without any wired
connections.
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Mobile e-business
Bluetooth is well suited for mobile e-business since it
could be used in applications where transactions might
be completed locally between two communicating
peer-to-peer devices. Its built-in security mechanisms
enable secure transactions.
Walkup Kiosks – Walkup kiosks could provide local
information in many venues such as shopping malls
(maps, coupons, special offers, and so on), airports
(maps, coupons, special offers, and so on), team or
exhibitor data, contest entries, and so on), airports
(maps, flights, parking and so on). Bluetooth-capable
kiosks could allow multiple users to access the kiosks
simultaneously. They also enable mobility, in that the
information could be transferred to a personal device
and is thus available even when the user is not near a
kiosk.
Ultimate “Queue-killer” – Peer-to-peer transactions
enable local e-commerce transactions without having
to stand in line for access to a resource (machine
and/or person). Consumers can make purchases, get
discount authorizations, and do other transactions
wirelessly at the point of presence.

Automotive and Industry Applications
Industry observers have raised their expectations on
the penetration rate of Bluetooth in cars and industrial
applications. They have seen scenarios where five
Bluetooth radios are installed in one car. The majority
of these applications will be application specific
(designed to do only one function and to interact with
only one other Bluetooth module). At a 2% growth
rate, the Bluetooth penetration rate for cars is projected
to increase from 5% in 2002 to 60% in 2006 with a
total of 34 million Bluetooth chipsets installed. The
total Bluetooth chipsets in industrial applications will
be over 57 million in 2006 (Merrill Lynch, February 8,
2001).

Company Profiles and
Product Rollout
Bluetooth technology has moved fast in terms of
standards adoption, early release of chips and a few
demo products. This was fueled mainly by the
formation of Bluetooth SIG, led by the Promoter
Group of Bluetooth SIG comprising of Ericsson,
Nokia, IBM, Toshiba, Intel, 3Com, Motorola, Lucent
14

Product Profile #1 – Wireless
Headsets: GN Netcom 9000 Series
In September 2000, Copenhagen-based GN
Netcom, with U.S. offices in Nashua, New
Hampshire, introduced one of the world's first
Bluetooth certified products, the GN 9000, a
Bluetooth wireless technology headset for the
professional office market. GN Netcom headset
was the first of its kind to receive official
certification by a Bluetooth Qualification Body. In
less than a year, the company is expected to present
its second-generation Bluetooth product, this one
targeted to meet the needs of the expanding wireless
mobile communications market.
Weighing less than one ounce and 28 grams and
two inches/five centimeters in diameter, the headset
can be comfortably worn on either ear and contains
both a microphone and speaker in a single unit. The
short boom microphone (less than two inches/four
centimeters) folds neatly into the circular body of
the headset, and can be customized with different
outer shell shapes and colors. Other unique
functionalities include a volume and mute control,
press-to-talk button and adjustable ear-hooks. As
soon as the headset comes within 30 feet (10
meters) of another Bluetooth product, the
connection is automatically established. Battery life
and recharge time is similar to those of standard
mobile phones.
GN Netcom showcased the new headset at the
CTIA show, March 20-22, in Las Vegas. The
company also reached agreement with Motorola to
market the headset as an accessory of Motorola’s
Bluetooth products. The first headset products are
expected to ship in the second half of 2001 closely
following the introduction of the Motorola Timeport
270 wireless phone. Separately, GN Netcom will
market its own headset with Bluetooth wireless
technology under the JABRA name, the company's
brand for mobile telephony products, starting in Fall
2001.

Technologies and Microsoft. Currently Bluetooth SIG
has more than 1600 members and is one of the fastest
growing SIG. This is the first big effort by all the
major companies of the world to come out with a

Bluetooth: Unleashing the Bite

So far, Bluetooth has seen only very little progress in
reaching the mass market. Recently, Bluetooth was
dealt a major setback, when Microsoft announced that
the next version of Windows operating system (XP)
will not be supporting Bluetooth. The software giant
blamed a lack of Bluetooth enabled hardware for its
decision. Nevertheless, supporters note that other
standards such as Ethernet as well as many of the cell
phone protocols took much longer to develop. In fact,
some of Bluetooth’s promise is already visible. Last
March, manufacturers such as Hewlett-Packard,
Ercisson and Psion were showing off Bluetooth
devices. This summer, the Mitac Cat PDA, which
features Bluetooth connectivity, will go into mass
production with a view to selling on the Taiwanese
consumer market. Hewlett-Packard has just
unwrapped the DeskJet 995C, the first integrated
Bluetooth printer.
Aside from products, there has also been promising
progress with respect to industry applications.
Registry Magic just launched the world’s first
consumer payment network during January of this
year. This network leverages Registry Magic’s
patented Biometric Access Security System (BASS)
authentication and authorization services and
Bluetooth technology, to enable a customer’s cell
phone to be a “one-stop” device with which to perform
everyday consumer transactions such as making
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Exhibit 12: Product and Application Rollout
COMPANIES*

But adoption was stunted by the high cost of these
devices. Key chipmakers that have started full
production of these add-on devices are: Broadcom,
Lucent Technologies and Motorola along with startups
like Cambridge Silicon Radio and Silicon Wave.
Aside from the high cost, there is also a problem of the
size of the current generation of chips. Companies
such as Palm, who have pledged to adopt the
technology, are counting on the reduction in cost and
size of these chips.

At this point Bluetooth technology is in a period where
first release of specifications have been deve loped and
adopted by the core members. Chipsets have been
developed by several vendors and have been released
to systems integrators. Major vendors have also
released software development kits (See Exhibit 12).
A number of developers’ conferences have been held
in Europe and North America. Now, the second level
of developers like 3COM and Extended Systems have
gotten into the act to create systems development tools
that business application programmers can use.

PRODUCTS

Nonetheless, Bluetooth is in early stages of
development from the point of view of end-user
application. Many of the first Bluetooth products are
add-on devices for existing laptop and personal
computers.

purchases, inter-person communication and identity
validation.

Intel

Ericsson

Broadcomm
Lucent
• Adapters and PC cards
• High end BT
communication- enabled
phones, PDA’s and PC’s
• BT headsets

MARKET APPS

global standard for wireless connectivity in home-like
environment after previous mess of first and second
generation in cellular communication.

IBM
3COM
Toshiba
Palm
Mitac
• Lower cost mobile
• BT- enabled printers,
phones, lower cost
fax machines, digital
cameras,
portable devices and
PC’s

HP

• Industrial/vertical industry solutions
• Hands-free mobile phones
HOME NET WORKING
INTERACTIVE E-BUSINESS
MOBILE E-BUSINESS
AUTOMOTIVE AND INDUSTRIAL

2000

2001
2002
For a detailed list of companies and products,
please refer to Appendix A.

The highlighted product profiles give a closer look at
existing and upcoming Bluetooth applications, their
underlying technologies, as well as the values they
create in wireless communication.
The majority of market forecasting for Bluetooth
applications remain in mobile phones, headsets, PDAs,
and PCs, accounting for over 80% of units by 2006.
Even though it is still too early to tell how quickly and
by how much price competition will erode profits,
many industry watchers still prefer to err on the side of
optimism. Many applications such as toys, consumer
appliances, and electronics empowered by Bluetooth
could emerge following the robust launch of Bluetooth
followed by widespread consumer adoption of the
technology.
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Product Profile #2 – Integrated PC
Cards: Xircom’s RealPort Families
Recently becoming available to the market,
Xircom’s wireless product families include a
CreditCard Bluetooth Adapter, a RealPort
Bluetooth Adapter designed for notebook
computers, and a SpringPort Bluetooth Module
that fits into the Springboard slot on Handspring
Visor devices. The RealPort Integrted PC Card
family has all the features needed to connect to
information in the office or on the road.
The following Form Factor Evolution diagram
illustrates the evolving design and
functionalities of several generations of
Xircom’s RealPort PC adaptor products.
Xircom has evolved from its patented external

to smaller, less cumbersome internal PC Card
adapter with custom cables, to today’s single
integrated wireless PC Card.
Exhibit 13: Form Factor Evolution
(1998 to present)

2001 Integrated
PC Card
• Fully Internal

1994 PC Card
• Internal Card
• External Cable
Connectors

1998 Pocket Adapter
• Fully External

pocket Ethernet Adapter,

Summary
Without question, Bluetooth has the potential for
revolutionizing the computing landscape. Bluetooth
provides a world free from the arsenal of cables,
thus, releasing computer users from the confines of a
workstation or wired network environment. And
that’s just the beginning. This technology frees an
assortment of scanners, printers, visual projection
equipment and other peripheral devices from cables,
and immediately provides the end user with a new
sense of mobility, functionality and heightened
productivity.
But Bluetooth goes far beyond cable replacement
and proposes to offer something more – a complete
Personal Area Networking solution. Thus,
computers, mobile phones, laptops, and PDAs will
use intelligent software to detect, communicate and
transfer relevant information with each other on a
continuous, automatic and unencumbered basis.
Given the right security clearance, these devices will
automatically transfer and synchronize emails, files,
news, credit card information, and a host of other
electronic information enhancing not only user
mobility, but also user productivity.

But are all of Bluetooth’s plucky claims too late?
The computing industry as a whole has speculated
about, hyped, and promoted Bluetooth since 1998.
What has come since is the Bluetooth Special
Interest Group (SIG), a consortium with 11
promoting companies and more than 1600
developing companies that are supposedly working
together to develop a Bluetooth standard where all
Bluetooth enabled products will function seamlessly
with one another. Unfortunately, products have
been slow to come to market and the few that have
are stymied by the same standardization and
interoperability problems that the SIG was supposed
to fix.
As a result, today it appears that dominant
companies such as Microsoft, are saying enough is
enough. Citing a lack of stable Bluetooth hardware
for testing, Microsoft recently pulled support for the
Bluetooth standard in the release of its newest
operating system, adding relevance to the question
will Bluetooth survive, before it really gets started.
And so, Bluetooth is entering a pivotal stage as it
struggles to gain traction. Will it succeed in light of
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Microsoft’s criticism of the technology? Intel has
countered with claims that Bluetooth “was never a
race.” That instead, Bluetooth is about creating a
standard and delivering a platform in which all users
will find satisfaction.
In fact, HP has only recently introduced new
Bluetooth enabled printers, computers and PDAs
into the market. Toshiba, IBM, and a few other
computer manufactures are only now beginning to
offer Bluetooth PC cards for their laptop computers,
and plan on offering a fully integrated laptop
solution by end of 2001.
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Indeed, Bluetooth remains a network externality
story – a chicken or egg game – where the benefits
of Bluetooth only begin to reach their zenith as
function of manufacturers’ willingness to introduce
new products and make Bluetooth a persistent
element in the industry.
Thus far, Bluetooth has stumbled to create its
market, and next few months will be very telling as
to whether this sleeping giant will arise and take
form, or whether it will become just another good
idea that no one could capitalize on. T/V
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Appendix A
Company

3com

Adamya
ALPS Electric Co
LTd
AmbiCom

Bluetooth Product List

Product/ Device/
Description
Status
Application
Surfblue Bluetooth software
Qualified
stack
Bluetooth Suite
Partnership with Extended Systems to co-develop Announced
Bluetooth solutions for the Microsoft Windows
platforms. The companies will cooperate to deliver a
complete suite of Bluetooth data management
applications, protocol stacks and hardware adapters
to consumers, manufacturers, businesses and OEM
customers
RS232 dongle
Bluetooth protocol stack
Announced
Bluetooth Module
Contains radio, BB, and LMP with USB, UART
Qualified

Anoto

Air2Net Bluetooth Solutions
Adapter
Air2Net Bluetooth Solutions
Compact Flash Card
Air2Net Bluetooth Solutions
HomeGateway
Air2Net Bluetooth Solutions
PC Card
Anoto Pen

Arca Technologies

WaveCatcher

Axis
Communications

Axis 9010

Bluelinx

Q-Zone

Bluesocket

Bluetooth Networking
Products

Brainboxes

Bluetooth Ethernet Point

Brainboxes

Compact Flash Bluetooth

Brainboxes

PCMCIA Bluetooth Card

AmbiCom
AmbiCom
AmbiCom
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Interdevice connectivity

Announced

Interdevice connectivity

Announced

Interdevice connectivity

Announced

Interdevice connectivity

Announced

Enables to transmit, store and transfer business
communiqués, personal thoughts, basically anything
you want to write with a pen to anywhere in the
world
Bluetooth Protocol Analyzer, allows messages being
sent between Bluetooth devices in a single piconet
to be captured and provides a detailed decode of
this information. The level of detail presented can
be selected for each protocol layer
The AXIS 9010, Bluetooth Access Point ca service
providers to build and manage local wireless
networks to be used today to provide wireless local
network and Internet access. The AXIS Mobile
Internet Server allows
Allow people and organization to control
interruptions to their environment from cell phones,
pagers and other portable electronic devices
Hierarchical network design allows the construction
of large wireless networks supporting hundreds of
users across multiple locations, while our ability to
provide seamless hand-offs between access points
ensures that quality of service is maintained even
when users are mobile or when they suddenly need
more bandwidth. (Wireless kiosks)
Ethernet access point. Enables laptop to receive
emails and trans fer file without LAN cable
Enables smaller palmtop devices that do not have
PCMCIA slots to connect with Bluetooth devices
Enables any laptop or handheld running Windows
2000, Windows CE, Window 98 and 95 to connect
with Bluetooth devices

Available

Qualified

Announced

Available

Announced

Available
Available
Available
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Company
Brainboxes

Product/ Device/
Application
USB Bluetooth Dongle

BrightCom
BrightCom

BIC 2201
BIC 2301

BrightCom

BIC2000

BrightCom

BIC2101

BrightCom

Intelliblue Single Chip
Bluetooth Processors
Casira Development Kit

Cambridge Silicon
Radio
Canon Information
Technologies, Phil
CATC
Classwave

Classwave
Commil

DCM Technologies
DigiAnswer

DigiAnswer

DigiAnswer
DigiAnswer
DigiAnswer
DigiAnswer
DigiAnswer
DigiAnswer
DigiAnswer
DigiAnswer
DigiAnswer

Description

Status

Allow users to quickly and easily use RS232 and a
wire to communicate. Gives freedom to connect
legacy devices with Bluetooth
Bluetooth hi-fi audio/ mp3 application processor
Bluetooth LAN Access Point targeted for LAN
access point converging Voice, voice and data
services over the Bluetooth media
Bluetooth Protocol Processor for Bluetooth
evaluation, testing systems and "getting hands-on"
technology
Bluetooth USB Application Processor for cost
effective USB, serial (UART) and PCM/CVSD
appliances
Silicon & Software Solutions For Personal Are
Networking over Bluetooth

Available

Smart Network Access
Points
innovative solution

Announced

Announced

Announced
Qualified

ci-tech BT protocol stack
Merlin Analyzer
Bluetooth Network
Infrastructure provider

Announced
Announced

Qualified

Turnkey m-commerce and Bluetooth ISP solutions
transform the way personalized content can be
exchanged with mobile phones or dynamically
accessed via the Internet through wireless
Mobile Bluetooth devices

Qualified
Announced

Announced

Private "cellular-like" network for buildings (such as Announced
airports, office building, campuses, or shopping
malls) that allows users to get transparent
connection to corporate or telephony and data
infrastructure and services using standard, off-theshelf handheld devices
Bluetooth modem
Announced
Bluetooth PCMCIA Card
Enables any laptop or handheld running Windows Available
2000, Windows CE, Window 98 and 95 to connect
with Bluetooth devices
Bluetooth USB Dongle
Allow users to quickly and easily use RS232 and a Available
wire to communicate. Gives freedom to connect
legacy devices with Bluetooth
Bluetooth VDA Car-kit
Bluetooth headset for PC and mobile market
Available
0dBm DigiAnswer Bluetooth
Qualified
Radio-generation I
20dBm DigiAnswer
Qualified
Bluetooth radio-generation
Bluetooth Baseband
Qualified
Bluetooth Embedded
Qualified
Software Stack
Bluetooth Headset
Qualified
Bluetooth Phone Module
Qualified
Bluetooth Protocol Analyzer
Qualified
Bluetooth Software Site
Qualified
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Company
Eagle Wireless
ELSA

Ensure

Product/ Device/
Application
USB adapters for
computers with Windows
operating systems and
analog modem, ISDN
modem
Enhance Bluetooth
products with Xyloc

Ericsson

Bluetooth Headset

Ericsson
Ericsson

Bluetooth HOST Stack
Bluetooth phone adaptor

Extended Systems

Bluetooth Suite

Extended Systems
GigaAnt

XTND Access Blue SDK
Swivel sanp-in SMD
Antennas

GN Netcom
HCV Enterprises

GN 9000
BlueMod

IBM

09N9812 PCMCIA card

IBM
IBM
idata

Bluetooth PC Card
New ThinkPad laptops
PlusCom Xpress Pro
10/100 BT Print server

Idmicro
Impulse Software

20

ImpulseSoft Blue PC
Software Suite

Description

Status

Bluetooth enable set top boxes
Announced
Bluetooth automotive, home control and networking Announced
products.

Development of real world applications to take
Announced
advantage of this new standard. Xyloc is a wireless
pc security solution that will allow Bluetooth devices
to positively recognize and identify authorized users
and make Bluetooth phones and PDAs more
convenient to use
Connects mobile phone by radio link instead of
Mid-2000
cable
Qualified
Attaches to the system connector of mobile phone.
Makes up the invisible link between the Bluetooth tm
headset and your phone. Can also be used for
wireless data transmission between phone and any
other mobile or stationary Bluetooth device such as
laptop, PDA or desktop
Partnership with 3com to co-develop Bluetooth
Announced
solutions for the Microsoft Windows platforms. The
companies will cooperate to deliver a complete suite
of Bluetooth data management applications, protocol
stacks and hardware adapters to consumers,
manufacturers, businesses and OEM customers
Qualified
GigaAnt™ develops, manufactures and supplies
Announced
internal, external, embedded and customized
antennas dedicated to short-range wireless devices
used in, e.g. Bluetooth™, HomeRF and Wireless
LAN applications. In addition, we offer a full range
of antenna development support and RF testing.
Bluetooth telephone headsets
Qualified
Miniature stand alone Bluetooth module
Early 2001
incorporating a router and introduces a common
language for interoperability between disparate
devices
PCMCIA – Bluetooth enabled laptops ThinkPad A, Announced
T, X and the I series 1620
Qualified
Qualified
Designed for instant wireless connection with other Announced
Bluetooth-enabled devices such as mobile phones,
PDAs and laptops. The pluscom Xpress PRO
10/100 BT is Internet ready with a complete Fast
Ethernet connection and full support for the Internet
Printing Protocol (IPP)
Integrating smart chip automation into industry
Announced
Qualified
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Company
Infineon

Product/ Device/
Application
BlueMoon I chipset.

Description

Status

Complete solution including the baseband integrated Qualified
circuit (IC) the radio frequency transceiver as well as
the link manager (LM) and host controller interface
(HCI) firmware. The qualified BlueMoon solution
supports both voice and data
Intel
Announced
Intel
Personal Wireless Software
Qualified
Lesswire
LocalNavigator
Integrated platform of software and hardware
Announced
components that provide the infrastructure for
mobile, personalized, topical, and location-aware
services
Motah
Bluetooth LAN Access
Provides you with an easy fast inexpensive wireless Announced
Point
network connections to PDA’s laptops PCS cell
phones and other client devices
Motorola
Handsfree Car Kit
Interdevice connectivity
Announced
Motorola
PC card Adapter
Interdevice connectivity
Announced
Motorola
Timport Bluetooth enabled Interdevice connectivity
Announced
phones
Motorola
USB adapter
Interdevice connectivity
Announced
Motorola
Bluetooth 0dBm PC-Card
Qualified
Motorola
Bluetooth PC-Card
Qualified
Motorola
Bluetooth Phone Module
Qualified
NEC Corporation
Bluetooth Printer Adaptor
Qualified
Nokia
LRB-1 Components
Qualified
PC-Card
BT-PAD-I
Qualified
PC-Card
Troy XCD
Qualified
Plantronics
Bluetooth headsets
Interdevice connectivity
Announced
Primax
PCMCIA card
Interdevice connectivity
Announced
Primax
USB Adapter
Interdevice connectivity
Announced
Primax
USB Dongle
Interdevice connectivity
Announced
Red-M
1000 AP
Access points can be connected to the 3000 As
Announced
access server over a standard LAN connection
Red-M
3000 AS
Wireless internet server product solutions based on Announced
Linux operating system and Bluetooth technology.
Integrates Bluetooth technology with Internet access
capabilities for rapid and low cost deployment in a
wide range of environments. The 3000As
incorporates Wan and LAN interfaces plus web page
caching secure firewall and VPN functions
Registry Magic
Pos solutions
Announced
RTX
Tailored turnkey solutions
Announced
Siemens
Bluetooth Radio
Qualified
Signia Technologies Bluetooth Compact Flash
Qualified
Card
Silicon Magic
Transceiver module
Same small size as a compact flash memory
Announced
storage card and it can be used to exchange data
with any computer, regardless of the make
Silicon Wave
Odyssey Link Manager
Qualified
Software
Silicon Wave
Odyssey SiW 1601 Linke
Qualified
Controller IC and Software
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Company
Socket
Communications
Sphynx Elektronik
Sphynx Elektronik
Sphynx Elektronik
Sphynx Elektronik
Sphynx Elektronik
Stonestreet One

Stonestreet One
Tactel
Tadlys
Taiyo Yuden
International
Texas Instruments
Toshiba
Toshiba
Troy XCD
WDS Wireless
Development
System
Widcomm
Widcomm

Product/ Device/
Application
Personal Network Card
Centronics
PCMCIA PC card
PICO card
PICO Plug
RS 232
OEM Module

Bluetooth Software Stack
Bluetooth for PalmPilot
Bluetooth access point,
solutions
Bluetooth RM Module
Components
TI Bluetooth Baseband
Wireless Modem Station
Bluetooth stack

Johnson Controls
Motorola

Handsfree car-kit

Motorola

PC card adapter

Motorola
Widcomm

USB adapter
Blue-connect

Xircomm

Springport Bluetooth

ZebraPass
ZebraPass
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Status

Enables smaller palmtop devices that do not have
PCMCIA slots to connect with Bluetooth devices
Interdevice connectivity
Interdevice connectivity
Interdevice connectivity
Interdevice connectivity
Interdevice connectivity
Provides simple Bluetooth interface for products.
The OEM Module has the Ericsson module already
mounted onto circuit board and includes an
integrated antenna

Qualified

Serial cable replacement and security products

Announced
Announced
Announced
Announced
Announced
Announced

Qualified
Announced
Announced
Qualified

World's first product for printing from pcs across
Bluetooth Widcomm

Radio Modem Evaluation
System
Blue-connect Visor
Blue-Share desktop or
notebook
Bluetooth protocol stack
Bluestack
Wireless products and
services
Wireless solutions
Wireless ticketing and
mobile commerce
TravelNote Connect

Widcomm
Widcomm
ZebraPass

Description

Qualified
Announced
Qualified
Announced
Qualified

Blue tooth enabler
Bluetooth enabler in a single dongle package

Announced
Announced
Announced
Qualified
Announced
Announced
Announced

Establish wireless link with a cellular phone to play
back reminder messages
General-purpose professional installation enabling
hands-free use of cell phones in the car
Enables cable-free method of moving data between
devices
Handspring Visor Bluetooth enabler in a single
dongle package
Transparently synchronize your schedule and
address book information between your handspring
Visor and your PC or connect to the internet and
access e-mail via mobile phone without the need for
wires or cables

Bluetooth: Unleashing the Bite
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Appendix B

Ericsson’s Bluetooth Beginner’s Guide

Bluetooth Summary
A global standard that:
• eliminates wires and cables between
both stationary and mobile devices
• facilitates both data and voice
communication
• offers the possibility of ad hoc networks
and delivers the ultimate synchronicity
between all your personal devices.
The Bluetooth wireless technology comprises
hardware, software and interoperability
requirements. It has been adopted not only
by all major players in the telecom, computer
and home entertainment industry, but also in
such diverse areas as the automotive industry
and health care, automation and toys, etc. almost all sectors of the economy.

Harald Bluetooth
Harald Bluetooth was a Viking and king of
Denmark between 940 and 981. One of his
skills was to make people talk to each other,
and during his rule Denmark and Norway
were Christianized and united.
Today Bluetooth wireless technology enables
people to talk to each other, but this time by
means of a low-cost short-range radio link.
In the Danish town of Jelling Harald Bluetooth
raised an enormous rune stone, which still
stands in its original position. It has the
following runic inscription, adorned with an
image of Christ: “King Harald raised this
monument to the memory of Gorm his father
and Thyre his mother, that (same) Harald
which won all Denmark and Norway and
made the Danes Christian.” Originally the
stone was painted.
In September 1999 a new stone was raised
outside of Ericsson Mobile Communications in
Lund, this time to the memory of Harald
Bluetooth.
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The First Steps
The idea that resulted in the Bluetooth
wireless technology was born in 1994 when
Ericsson Mobile Communic ations decided to
investigate the feasibility of a low-power, lowcost radio interface between mobile phones
and their accessories. The idea was that a
small radio built into both the cellular
telephone and the laptop would replace the
cumbersome cable used today to connect the
two devices.
A year later the engineering work began and
the true potential of the technology began to
crystallize. But beyond unleashing devices by
replacing cables, the radio technology showed
possibilities to become a universal bridge to
existing data networks, a peripheral interface,
and a mechanism to form small private ad
hoc groupings of connected devices away
from fixed network infrastructures.

The SIG
In February 1998 the Special Interest Group
(SIG) was formed. Today the Bluetooth SIG
includes promoter companies: 3Com,
Ericsson, IBM, Intel, Lucent, Microsoft,
Motorola, Nokia and Toshiba, and thousands
of Adopter/Associate member companies.
The assignment of the SIG originally was to
monitor the technical development of shortrange radio and to create an open global
standard, thus preventing the technology
from becoming the property of a single
company. This work resulted in the release of
the first Bluetooth Specific ation in July 1999.
The further development of the Specification
still is one of the main tasks for the SIG,
other important ones being interoperability
requirements, frequency band harmonization
and promotion of the technology.
Learn more about the Bluetooth SIG at
http://www.bluetooth.com/
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Interoperability
From the very start one of the main goals for
the SIG has been to include a regulatory
framework in the Specific ation that will
guarantee full interoperability between
different devic es from various manufacturers
- as long as they share the same profile.
While the usage models describe applications
and intended devices, the profiles specify how
to use the Bluetooth protocol stack for an
interoperable solution. In each profile it is
stated how to reduce options and set
parameters in the base standard and how to
use procedures from several base standards.
A common user experience is also defined.
For example, a computer mouse doesn’t need
to communicate with a headset, and so they
are built to comply with different profiles.
The profiles are a part of the Bluetooth
Specification, and all devices must be tested
against one or more of the profiles in order to
fulfill the Bluetooth certification requirements.
The number of profiles will continue to grow
as new Bluetooth applications arise.
Compliance
The Bluetooth Qualification Program
guarantees global interoperability between
devices regardless of the vendor and
regardless of the country in which they are
used. During the test procedure, which all
devices must pass, it must be verified that
they meet all requirements regarding: radio
link quality, lower layer protocols, profiles and
information to end-users. All qualified
devices are listed at the SIG official website.

Usage Models
The profiles defined in version 1 of the
Bluetooth Specification mainly address usage
models concerning the telecom and
computing industries.
Three examples are Internet Bridge, the
Ultimate Headset and the Automatic
Synchronizer.
An Internet bridge giving constant access to
the Internet is a useful and time-saving
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feature, especially when the bandwidth of
mobile phones is increasing rapidly.
Bluetooth wireless technology lets you surf
the Internet without any c able connections
wherever you are, either by using a computer
or by using the phone itself. When close to a
wire-bound connection point, your mobile
computer or handheld device can also
connect directly to the landline, but still
without cables.
The Ultimate Headset allows you to use
your mobile phone even if it’s placed in a
briefcase, thereby always keeping your hands
free for more important tasks when you are
at the office or in your car.
Automatic synchronization of calendars,
address books, etc. is a feature long awaited
for many of us. Simply by entering your
office, the calendar in your phone or PDA will
be automatically updated to agree with the
one in your desktop PC, or vice versa. Phone
numbers and addresses will always be correct
in all your portable devices without docking
through cables or infrared.

Bluetooth Products
Many companies have declared that Bluetooth
wireless technology will be incorporated into
their products, especially when components
become cheaper. In a forecast made by
Cahners In-Stat Group (July 2000), the
product availability during the next couple of
years are defined in three waves.
The first wave is believed to occur around
the turn of the year 2000/2001 and will
include products like:
• Adapters for mobile phones and adapters
(dongles) and PC Cards for notebooks
and PCs.
• High-end mobile phones and notebook
PCs with integrated Bluetooth
communication for the business users.
• Bluetooth headsets are expected to enter
the market by the first half of 2001.
• Cordless phones, handheld PCs, and
PDAs will also be included in this first
wave. The first handheld PCs and PDAs
are expected to enter the market during
2001.
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The second wave will in many respects
overlap the first. What we will see here is:
• PCs with Bluetooth circuitry on the
motherboard.
• Printers, fax machines, digital still
cameras, and products for
industrial/medical and vertical industries
will also begin to move in the second
wave.
• Some industrial solutions may become
available as soon as the end of 2000 or
1Q2001.
• In the automotive sector the first
Bluetooth options are expected to appear
for the 2002 model year (hands-free
mobile phone usage with your regular
mobile phone).
The third wave will include:
• Low-cost mobile phones and lower-cost
portable devices and desktop PCs.

Why Bluetooth Wireless
Technologies?
In phase with the IT boom, the mobility
among people has constantly grown and
wireless technologies for voice and data have
evolved rapidly during the past years.
Countless electronic devices for home ,
personal and business use have been
presented to the market during recent years
but no widespread technology to address the
needs of connecting personal devices in
Personal Area Networks (PANs). The demand
for a system that could easily connect devices
for transfer of data and voice over short
distances without cables grew stronger.
Bluetooth wireless technology fills this
important communication need, with its
ability to communicate both voice and data
wirelessly, using a standard low-power, lowcost technology, which can be integrated in
all devices to enable total mobility. The price
will be low and result in mass production.
The more units around, the more benefits for
the customer.
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The Technology
The Bluetooth Specification defines a short
(around 10 m) or optionally a medium range
(around 100 m) radio link capable of voice or
data transmission up to a maximum capacity
of 720 Kb/s per channel.
Radio frequency operation is in the unlicensed
industrial, scientific and medical (ISM) band
at 2.4 to 2.48 GHz, using a spread spectrum,
frequency hopping, and full-duplex signal at
up to 1600 hops/sec. The signal hops among
79 frequencies at 1 MHz intervals to give a
high degree of interference immunity. RF
output is specified as 0 dBm (1 mW) in the
10m- range version and -30 to +20 dBm (100
mW) in the longer range version
When producing the radio specification, high
emphasis was put on making a design
enabling single-chip implementation in CMOS
circuits, thereby reducing cost, power
consumption and the chip size required for
impleme ntation in mobile devices.
Voice
Up to three simultaneous synchronous voice
channels are used, or a channel, which
simultaneously supports asynchronous data,
and synchronous voice. Each voice channel
supports a 64 kb/s synchronous (voice)
channel in each direction.
Data
The asynchronous data channel can support
maximal 723.2 kb/s asymmetric (and still up
to 57.6 kb/s in the return direction), or 433.9
kb/s symmetric.
• a Master can share an asynchronous
channel with up to 7 simultaneously
active Slaves in a Piconet.
• by swapping active and parked slaves
out respectively in the piconet, 255
slaves can be virtually connected using
the PM_ADDR (a device can participate
again within 2 ms).
• to park even more slaves the BD_ADDR
can be used. There is no limitation to
the number of slaves that can be parked.
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Slaves can participate in different piconets
and a master of one piconet can be the slave
in another, this is known as a scatternet. Up
to 10 piconets within range can form a
scatternet, with a minimum of collisions.

Network Topology
Bluetooth units that come within range of
each other can set up ad hoc point-to-point
and/or point-to-multipoint connections. Units
can dynamically be added or disconnected to
the network. Two or more Bluetooth units
that share a channel form a piconet.
Several piconets can be established and
linked together in ad hoc scatter-nets to allow
communication and data exchange in flexible

configurations. If several other piconets are
within range they each work independently
and each have access to full bandwidth. Each
piconet is established by a different
frequency-hopping channel. All users
participating on the same piconet are
synchronized to this channel. Unlike infrared
devices, Bluetooth units are not limited to
line-of-sight communication.
To regulate traffic on the channel, one of the
participating units becomes a master of the
piconet, while all other units become slaves.
With the current Bluetooth Specification up to
seven slaves can actively communicate with
one master. However, there can be almost
an unlimited number of units virtually
attached to a master being able to start
communication instantly.

Scatter-net, ad-hoc combinations in a point-to-multipoint and point-to-point piconet.

Security
As radio signals can be easily intercepted,
Bluetooth devices have built-in security to
prevent eavesdropping or falsifying the origin
of messages (spoofing).
The main security features are:
• a challenge-response routine - for
authentication, which prevents spoofing
and unwanted access to critical data and
functions.
• stream cipher - for encryption, which
prevents eavesdropping and maintains
link privacy.

•

session key generation - session keys
can be changed at any time during a
connection.

Three entities are used in the security
algorithms:
The Bluetooth device address (BD_ADDR/ 48
bits), which is a public entity unique for each
device. The address can be obtained through
the inquiry procedure.
A private user key (128 bits), which is a
secret entity. The private key is derived
during initialization and is never disclosed.
A random number (128 bits), which is
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different for each new transaction. The
random number is derived from a pseudorandom process in the Bluetooth unit.
In addition to these link-level functions,
frequency hopping and the limited
transmission range also help to prevent
eavesdropping.

Hardware Architecture

includes Asynchronous transfers,
Synchronous transfers, Audio coding and
Encryption.
The CPU core allows the Bluetooth module to
handle Inquiries and filter Page requests
without involving the host device. The Host
Controller can be programmed to answer
certain Page messages and authenticate
remote links.

The Bluetooth hardware consists of an analog
radio part and a digital part - the Host
Controller. The Host Controller has a
hardware digital signal processing part called
the Link Controller (LC), a CPU core and
interfaces to the host environment.

The Link Manager (LM) software runs on the
CPU core. The LM discovers other LMs and
communicates with them via the Link
Manager Protocol (LMP) to perform its service
provider role and to use the services of the
underlying Link Controller.

The Link Controller consists of hardware that
performs baseband processing and physical
layer protocols such as ARQ protocol and FEC
coding. The function of the Link Controller

Ericsson offers complete packages of
intellectual property (IP) that support both
Bluetooth core and Bluetooth radio chip
development.

Software Architecture

Logical Link Control and Adaptation Protocol
(L2CAP). Among the issues L2CAP takes care
of, is segmentation and reassembly to allow
larger data packets to be carried over a
Bluetooth baseband connection.

The Bluetooth protocols are marked with blue
color in the illustration below. In order to
make different hardware implementations
compatible, Bluetooth devices use the Host
Controller Interface (HCI) as a common
interface between the Bluetooth host (e.g. a
portable PC) and the Bluetooth core.
Higher-level protocols like the Service
Discovery Protocol (SDP), RFCOMM
(emulating a serial port connection) and the
Telephony Control protocol (TCS) are
interfaced to baseband services via the
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The servic e discovery protocol allows
applications to find out about available
services and their characteristics when e.g.
devices are moved or switched off.
Ericsson offers a generic software stack that
includes HCI Driver, L2CAP, RFCOMM and
SDP to be integrated in a host environment.
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Competing Technologies
There is no single competitor covering the
entire concept of the Bluetooth wireless
technology but in certain market segments
other technologies exist.
For cable replacement the infrared standard
IrDA has been around for some years and is
quite well known and widespread. IrDA is
faster than the Bluetooth wireless technology
but is limited to point-to-point connections
and above all it requires a clear line-of-sight.
In the past IrDA has had its problems with
incompatible standard implementations, a
lesson that the Bluetooth SIG has learnt.
Two other short-range radio technologies
using frequency-hopping technique reside in
the 2.4 GHz band:
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Wireless LANs based on the IEEE 802.11
standard. The technology is used to replace a
wired LAN throughout a building. The
transmission capacity is high and so is the
number of simultaneous users. On the other
hand, compared to Bluetooth wireless
technology, it is more expensive and power
consuming, and the hardware requires more
space. It is therefore not suitable for small
mobile devices.
The other 2.4 GHz radio is Home RF , which
has many similarities to the Bluetooth
wireless technology. Home RF can operate ad
hoc networks (data only) or be under the
control of a connection point coordinating the
system and providing a gateway to the
telephone network (data & voice). The hop
frequency is 8 Hz while a Bluetooth link hops
at 1600 Hz.
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Appendix D

Interviews

Nigel Ballard
V.P. Product Strategies
Cerulic
Philip Cookson
Senior Director
Market Research & Analysis
Apple Computer
Ron Dennis
Vice President
European Semiconductor Analyst
Merrill Lynch
Christopher Celmer
Sales and Marketing
Dell Computer
Lee Wheless
Systems Engineer
Gateway Computer
Rick Ulrich
Account Development Executive
Computer Systems Division
Toshiba America Information Systems
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Appendix E

Websites

www.bluetooth.com
www.bluetooth.net
www.bluetoothnewsreel.com
www.csr.com
www.ericsson.com/bluetooth
www.gnnetcom.com
www.motorola.com/bluetooth
www.nokia.com/bluetooth
www.xircom.com
www.zdnet.co.uk/news/specials/1999/04/bluetooth/
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Appendix F

Presentations

Ed Benforado
Business Development Manager
Smart Products – Personal Communications Sector
Motorola
Gregory Myers
Product Marketing Engineer Manager
Intel Corporation
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