
.( 

THE INSIDER'S GUIDE TO AN OPEN SPECIFICATION 
FOR GLOBAL WIRELESS COMMUNICATIONS 

BRENT A. MILLER • (HATSCHIK BISDIKIAN 

IPR2020-00202 
Apple Inc. EX1057 Page 1



IPR2020-00202 
Apple Inc. EX1057 Page 2

|PR2020-00202

Apple Inc. EX1057 Page 2

 



'r,·. 
' 
• 

\ 

--

, 

•• 

., . ---,... .. 
I 

• . 
• 
' 

I 
I . . ,,. • 

• 
• • ,. 

•• 

- -._ . __ ,,., 

,.,, 
• 

-' 

t 

I 

C Oh ll t 

• 

-.,. 

j 

. 

. 

-~-=j 

/1""1.' • 

l I 

,,- ! 

1 · 

I 
• 

BRENT A. MILLER • (HATSCHIK 8 ISDIKIAN 

" 

-
I 

t 
I 
• 

I 

• r:-,; . 
• l,. . ..... ----- i·r ·=·· .... , 

r.J.,,,]· ·'1' I . 
- ' l ' .-, - I j I 

I • 

I 
(') 

I (' -., I ' , - -, _/ •. . \ r<· / ,,,.. ~-' ./. ~r .,,.,. r,.::_ _ _ / lj.1 . \ 
f_ ..-. / ,,,. ........ !,. • ' • 

, -\,lo ... -- J • • 

. / A ·. ' 

jQHNSON CONT1{01.S IN1"'ER10RS 
LIBRARY SYSTEM 

• 

HOLIAND,MI 
/ 

, - -... , / -....... ..,,. / Jr'·· \\ ...... 
. "'.' . '"' .... . 
• / ,,> 

• . 
' ' • . \ ' • . ' 

• \ 

• • 

• •, • ' · . ''-, 
' ... ' • • 

I • • ' • ... • l 
\ I • • •• ( fl l 

• • • • 
' 

. 

. 
• 

' • • ' ' 

• ' ' , . 
\ • 

• . 

l 
I 

I 
t 

• 
' • . 

• 

.. ,,__ 

• • 

II . ., . ' ' • ., . 
I • ,. ,. . . ., •, 
• 

,. 
• 

' ' 

• 

' 

• 

iyJID-~ .. --
1' ... .... ( • \ .-'~ . ' . ' . ~-• I I 
- I . I I . ,. 

-"'~. - / i _j ..... 

, 
• . . -· 

. • I • • 

• 

i I , l 
• I ~/ ·• J • • • 

-... . :".""" . \ ~ .. . · . ' . _., -~ '.-......• ...... \' 
"--., =-: ·-~-!. ... 

'\. - . .. ,...... .. .. 

.... 
,· 

• 
·J 

I 

I . ! I ' . . \ 
•) 

• 

' 

0 

• 

.. 

t 

I 
I 
1 

IPR2020-00202 
Apple Inc. EX1057 Page 3



Librru") ' of Congress Cataloging-Publication Data 
:r..1iller, Brent A. 

Bluetooth revealed / Brent A. Miller , Chatschik Bisdikian. 
p . cm . 

Includes bibliographical references and index. 
ISBN 0-13-090294-2 

1. Bluetooth technology . 2. Telecommunication-Equipment and supplies . 
3. Computer Nehvork protocols . I. Bisdikian, Chatschik. II. Title. 
TK5103 .3 .l\155 2000 
004 .6'20 - dc2I 

Editorial/production supervision : Kathleen Iv!. Caren 
Acqusition Editor : Mary' Fran?. 
Editorial Assistant: Noreen Regina 
:r..1arketing r..if anager : Bryan Gambrel 
Manufacturing Manager : Iv/aura Zald£var 
Cover Design : Nina Scuderi 
Cover Illustration ; Tom Post 
Cover Design Director : Jeny Votta 
Series Design : Gail Cocker-Bogusz 

© 2001 Prentice Hall PTR 
Prentice -Hall , Inc . 
Upper Saddle Ri\rer, NJ 07458 

All rights reserved . No part pf this book ma}' be 
reproduced, in an y form or b)' any mean s, \vithout 
permis sio n in \vriting from the publisher 

The publisher offers discounts on this book \vhen ordered in bulk quantities . 
For more information , contact 
Corporate Sales Department, Prentice Hall PTR 
One I ake Street 
Upper Saddle River, NJ 07458 
Phone : 800-382-3419; FAX: 201-236-7141 
Email (Internet ): corpsales @prenhall .com 

All products or services mentioned in this book are the trademarks or service marks of their respective 
companies or organizations. 

Printed in the United States of America 

10 9 8 7 6 5 4 3 2 I 

ISBN 0-13-090294-2 

Prentice -Hall International (UK) Limited, London 
Prentice -Hall of Australia Pty. Limited , Sydney 
Prentice- Hall Canada Inc., Toronto 
Prentice-H .all Hispanoamericana, S.A., Mexico 
Prentice-Hall of India Private Limited, New Delhi 
Prentice-Hall of Japan, Inc., Tokyo 
Pearson Education Asia Pte. Ltd. 
Editora Prentice -Hall do Brasil, Ltda., Rio dejaneiro 

• 

' 

• 

• 

• 

• 

• 

• 

• 

• 

• • 

• 

• 

• • 
• • 

• . . 
• • 

- I ., 
• 
, 

-
• 
• 

• • • . 
• 

I 

r ' • 
I:, ' 
I f ' .. 

·' ' ' •• •• • 

IPR2020-00202 
Apple Inc. EX1057 Page 4



To Laurje, Benjamjn and Andrew; 
Teresa, Eugene and Theodore: 

and Kjng 1-farald Bluetooth 

IPR2020-00202 
Apple Inc. EX1057 Page 5



• 

• 

IPR2020-00202 
Apple Inc. EX1057 Page 6

|PR2020-00202

Apple Inc. EX1057 Page 6



• Foreword 
Preface 

xz 
• • • xzzz 

Acknowledgements xv 
Trademark List xvi 

Part 1 
INTRODUCTION TO BLUETOOTH 
WIRELESS COMMUNICATION 1 

Chapter 1 
What Is Bluetooth? 3 

The Bluetooth Special Interest Group 5 
The Bluetooth Name and History 9 
Reader's Guide to This Book 10 

Chapter 2 
Technology Basics 1 5 

Wired and Wireless Communications 1 5 
Radio Frequency Wireless Communications 1 6 

V 

Contents 

IPR2020-00202 
Apple Inc. EX1057 Page 7



• 
VI (ON TENTS 

Infrared Wireless Communication 1 9 
The Bluetooth RF Communications Solution 20 

Chapter 3 
Bluetooth Usage Models 29 

The Cordless Computer 3 0 
The Ultimate Headset 32 
The Three-in-One Phone 3 4 
The Interactive Conference (File Transfer) 3 5 
The Internet Bridge 3 7 
The Speaking Laptop 40 
The Automatic Synchronizer 41 
The Instant Postcard 43 
Ad Hoc Networking 44 
Hidden Computing 44 

Chapter 4 
Introduction to the Bl uetooth Specification 4 7 

Purpose of the Specification 48 
Scope 49 
The Specification's Structure 50 
Relationships 52 
Guide to Understanding the Specification 5 3 

Part 2 
THE BLUEToo 

TH SPECIFICATION EXAMINED 57 
Chapter 5 

The Bluetooth p 
Th rotocol Stack 59 e Proto I Th co Stack C 

e Transport P ornponents 5 9 
rotoc I o Group 61 

IPR2020-00202 
Apple Inc. EX1057 Page 8



The Middleware Protocol Group 66 
The Application Group 7 2 

Chapter 6 

CONTENTS 

The Lower Protocols of the Transport Group 77 
The Bluetooth Radio 79 
The Link Controller and Baseband 83 
The Link Manager and Link Manager Protocol 1 08 
Summary 121 

Chapter 7 
The Upper Protocols of the Transport Group 123 

The L2CAP Layer 125 
The Host Controller Interface {HCI) 140 
Summary 153 

Chapter 8 
The RFCOMM and SOP Middl eware Protocols 155 

The RFCOMM Protocol 1 56 
The Service Discovery Protocol (SDP) 1 64 

Chapter 9 
lrDA Interoperability Middleware Protocols 177 

lrDA and Bluetooth Wireless Communication Compared 179 
The lrDA Interoperability Protocols 1 82 

Chapter 10 
Audio and Telephony Control 189 

Audio and Telephony Control Operation 190 

•• 
V 11 

IPR2020-00202 
Apple Inc. EX1057 Page 9



• 
VI CONTENTS 

Infrared Wireless Communication 19 
The Bluetooth RF Communications Solution 20 

Chapter 3 
Bluetooth Usage Models 29 

The Cordless Computer 30 
The Ultimate Headset 32 
The Three-in-One Phone 34 
The Interactive Conference (File Transfer} 3 5 
The Internet Bridge 37 
The Speaking Laptop 40 
The Automatic Synchronizer 41 
The Instant Postcard 43 
Ad Hoc Networking 44 
Hidden Computing 44 

Chapter 4 
Introduction to the Bluetooth Specification 4 7 

Purpose of the Specification 48 
Scope 49 
The Specification's Structure 50 
Relationships 52 
Guide to Understanding the Specification 53 

Part 2 
THE BLUETOOTH SPECIFICATION EXAMINED 57 

Chapter 5 
The Bluetooth Protocol Stack 59 

The Protocol Stack Components 59 
The Transport Protocol Group 61 

IPR2020-00202 
Apple Inc. EX1057 Page 10



The Middleware Protocol Group 66 
The Application Group 7 2 

Chapter 6 

CONTENTS 

The Lower Protocols of the Transport Group 77 
The Bluetooth Radio 79 
The Link Controller and Baseband 83 
The Linl< Manager and Link Manager Protocol 108 
Summary 121 

Chapter 7 
The Upper Protocols of the Transport Group 123 

The L2 CAP Layer 1 2 5 
The Host Controller Interface (HCI) 140 
Summary 153 

Chapter 8 
The RFCOMM and SDP Middleware Protocols 155 

The RFCOMM Protocol 156 
The Service Discovery Protocol (SOP) 164 

Chapter 9 
lrDA Interoperability Middleware Protocols 177 

lrDA and Bluetooth Wireless Communication Compared 179 
The lrDA Interoperability Protocols 1 82 

Chapter 10 
Audio and Telephony Control 189 

Audio and Telephony Control Operation 1 90 

•• 
V I I 

IPR2020-00202 
Apple Inc. EX1057 Page 11



. ' . 
VIII CONTENTS 

Part 3 
THE BLUETOOTH PROFILES EXAMINED 201 

Chapter 11 
The Bluetooth Profiles 203 

The Version 1 .0 Profiles 203 

Chapter 12 
The Generic Profiles 209 

Relationships 21 0 
The Generic Access Profile 211 
The Service Discovery Application Profile 21 7 
Summary 222 

Chapter 13 
The Telephony Profiles 223 

Relationships 224 
The Cordless Telephony Profile 225 
The Intercom Profile 2 31 
The Headset Profile 234 

Chapter 14 
The Serial and Object Exchange Profiles 2 39 

Relationships 2 40 
The Serial Port Profile 240 
The Generic Object Exchange Profile 243 
The Object Push Profile 245 
The File Transfer Profile 2 50 

• 

The Synchronization Profile 2 53 

IPR2020-00202 
Apple Inc. EX1057 Page 12



Chapter 15 
The Networking Profiles 2 59 

Relationships 2 60 
The Dial-Up Networking Profile 261 
The LAN Access Profile 265 
OUNP and LAP Compared 271 
The Fax Profile 2 7 3 

Part 4 

CONTENTS 

THE FUTURE OF BLUETOOTH TECHNOLOGY 277 

Chapter 16 
Beyond the Version 1.0 Specification 279 

The SIG Reconstituted 280 
Bluetooth Products 285 

Chapter 17 
Concluding Thoughts 291 

Interoperability 2 91 
Opportunities 292 

Bibliography 
Cited References 2 9 5 

Index 297 

• 
IX 

IPR2020-00202 
Apple Inc. EX1057 Page 13



IPR2020-00202 
Apple Inc. EX1057 Page 14

 
|PR2020-00202

Apple Inc. EX1057 Page 14



Forewor 1
~ 

M y work with the Bluetooth wireless technology , which began long 
before it became Bluetooth, has been a privilege and an extremely 
rewarding expe1-ience . In 1997, when a few major players in the tele-
communications and portable computing industries engaged in some 
initial discussion s, no one could even dream of the unprecedented suc-
cess the program was to enjoy a few years down the road. We all knew 
that there was a great need for a low-power, low-cost, short-range cable 
replacem ent , but from there to tl1e overwhelmingly favorable industr y 
and media response was a quantum leap. 

The Bluetooth SIG managed from the beginning to focus on con-
sumer requirements rather than just designing the technicall y best possi -
ble radio. A zero -cost license , good marketing (of course ) and a bit of 
luck with the timing are al\vays useful, too, when you want to establish a 
worldwide de facto standard. 

Prediction s from many independent sow·ces, such as Frost & Sulli-
van, Cahners In -Stat, Merrill Lynch and man y other research institute s, 
indicate that indeed the Bluetooth wireless technology will become a 
smashing succe ss, with as many as 1.5 billion or more devices being 
equipped with Bluetooth wirele ss technology in the year 2005. 

With tens of tl1ousands of engineers around the world working on 
implementations and perhaps even hundred s of thousand s of other peo-
ple such as students and professionals becoming interested in this tech -
nology , it is easy to understand the need for the publication you have in 
your hand s. 

• 
XI 
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• • 
XI I FORE\YJORD 

Written by people involved fi·om the beginning in key rol es to 
develop the Bluetooth specification, you will find th e bo ok to b e m ost 
authoritative. Perhaps eve11 more importantly , it is written in an eas y-to-
understand way, explaining a lot of the thinking b ehind the de velop -
ment of many chapters in the specification. 

In short, Blztetooth Revealed: Tlze Insider's Guide to an Open Specifica-
tion fo1· Global Wireless Co1n11iunications pro vides an imp ortant so ur ce of 
easy-to-access info1·111ation about this new and excitin g te chn ology . 

I look forward to seeing you in my ''pic onet'' soo n ! 

Anders Edlund 
Marketing Director , Blu e toot h Product Unit 

Ericsson Mobile Communicati on 

IPR2020-00202 
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Pre ace 

T he convergence of computing and communications has been pre-
dicted for many years. Today's explosion of a myriad of new types of 
per sonal computing and communications devices-notebook computers, 
personal digital assistants, ''smart'' phones, two-way pagers, digital cam-
eras and so on - has resulted in new ways for people to communicate and 
gain access to data . The advent of this pervasive computing, especially 
via wireless communications, enables these devices to be used in new 
settings: not only can people make voice calls from their automobile 
using a mobile phone, but also they can access the World Wide Web 
from a wireless notebook or handheld computer while at the airport or a 
shopping mall. We are rapidly moving· toward a world where computing 
and communications become ubiquitous - not only at work but also in 
the home, in public places and in personal surroundings. 

Unti l recently, enabling all of these devices to communicate with 
each other has been cumbersome, often involving the use of special 
cables to connect the devices together along with device-specific soft-
wa1·e that might use proprietary protocols. To exchange information 
among all of her personal devices, a person might need to carry as 
many cables as devices and still lack assurance that all the devices could 
interconnect. The inability to share information among devices or the 
difficulty in doing so limits their usefulness. 

The Blztetooth™ technology enables devices to communicate seam-
lessly without wires. While Bluetooth wireless communication is fi1·st 
and foremost a means for cable replacement, it also enables many new 
applications-the use of a single mobile telephone as a cellular phone, 

••• 
XI 11 
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• 
XIV PREFACE 

cordless phone or intercom and the use of a notebook computer as a 
speakerphone, ju st to name h, 10. The Bluetoo! h Spe cial In ter!s t Group 
(SIG ) ,,,as fo1-111ed in earl; ' 1998 by Ericsson :&, Intel .&, IBM ii , Nokia .& 
and Toshiba :& to de,,elop an open specification for glob ail .1 a\1 ailabl e 
short -range ,virele ss racuo frequenc y communi cations. Th e SIG h as 
publi shed a sp ecilication for the Bluetooth radio and base band al o n g 
,, rith a set of communication prot ocols compri sing a so fh\'are stack u s ed 
\vith the Bluetooth radio hard\, ;are . The Bluetooth radi o m odule de sign 
is optimized for ' 'ef)' lo\,, po\ ver consumpti on, lo\,, cost, small foot print 
and use an) 1\\'here in the \\'Orld. In additi on to the cor e sp ecificat ion th e 
SIG has also published Bluetootb pr ofiles tha t describe ho,,, to use th e 
sofu, ,are protocols such that interoperabili !:)1 among all kind s of de, ,ices 
can be ach.ie,·ed, regardle ss of \,'ho manufa ctur es th ese device s. Ver sion 
1.0 of the specification ,vas publi shed in July 1999 . Tod ay th e Blue to o th 
Special Int erest Group con sists of nin e pr omo ter compani es Qoinin g th e 
fi,,e founding companies noted above in the SIG s co re gro up ar e 
3Co m %, Lucen ti, ~1icrosoft :R and Mot orola :&) and ,,,ell o,1 er l 800 
adopt er companie s from around the ,,:orld , repr ese ntin g a di, ·er se set o f 
indu stries. 

The sp ecification and profile s continu e to evo lve as th e SIG de" ~e l-
ops ne,, · \\'a) ·s to use the Bluetooth technology . The first pr odu cts \vith 
Bluetooth \vireless communication s arriv ed in 2000 led b)' de,rel o p -
men t tools, mobile telephone s, auclio head sets, noteb oo k comput e r s 
hand.held com pu ters an d net\vork access points . 

A great deal of intere st, talent and energy ha s mar shal ed ar ound 
thi.s exciting ne\,, technology. Until no\, , most of the infor1r1ation a v ail -
able about Bluetooth \virele ss communications has been fr om the SIG s 
official \\'eb site (http: // \VvV\,,.bJueto oth.com ) or from bri ef pr ess arti c le s 
or ne\v sJetter s. This book aims to be at once authoritati ve and ac ce ss i-
ble. Beside s di scu ssing ba ckground, history and potential futu_re dev e l-
opments , Bluetooth Revealed: The l nsider)s Guide to an Open Specification for 
Global Wireless Communications delivers pra ctical explanati on s of the 
specification by people \\'ho helped to deve lop it. It is a broad di scus -
sion of the topic, containing info1111ation tha t should be of value to 
industry practitioner s, profe ssional s, stu dent s and an y other s who are 
interested in this topi c. No matter what your particular intere st is, Blu e-
tooth Revealed is intended to give you the infor1nation you need to 
become a "Bluetooth Insider .'' 

IPR2020-00202 
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INTRODUCTION TO 
BLUETOOTH 

IRELESS 
COMMUNICATION 

, !-~~. his book begi11s with backgTound informa~ion about Blue-
L ... • tooth wireless communication. The technology is described 

at the highest level and its 01·igins and history are explored, 
.__ __ __. including the story of how this technology came to be 
named Bluetooth . The Bluetootl1 Special Interest Group is described 
from the authors' own perspective as pa1·ticipaling members . Chapter 1 
contains a reader 's guide fo1· the 1·emainder of the book. In Chapter 2 
the basics of wireless communications are covered, including spread 
spectrum radio frequency co·mn1unications in the 2.4 gigahertz spec-
trum and infrared com1nunications, both of wl1icl1 influence the Blue-
tooth specification. The fundamental principles of Bluetooth 
communication, including maste1· and slave roles, baseband modes and 
communication topology are presented. Chapter 3 describes most of 
tl1e well-known t1sage models in which Bluetooth wi1·eless communica -
tio11 can be employed. In tl1ese usage scenarios the end user's viewpoint 
and derived benefits a1·e emphasized. Finally Chapter 4 provides an 
introduction to the Bluetooth core specification and profiles that are 
explored in detail in Parts 2 and 3 of the book, respectively. 

j 
• 

Part 1 is designed to aid readers who are not already familia1· with Blue -
tooth wireless communication in understanding the fundamentals o·f the 
technology and how that technology came to be. At the same time, 
readers al1·eady familiar· with Bluetootl1 wireless communication may 
discover new information or pe1·spectives that will further· their under-
standing of this important new technology. 

1 
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INTRODUCTION TO 
BLUETOOTH 

IRELESS 
COMMUNICATION 

his book begins witl1 backgi·ound inf or rnation about Blue-
toot h wireless communi catio n. Th e technol ogy is described 

;, at the high est level and its origins and history are explor ed, 
.......... ___ ____, includin g the story of how this technol ogy cam e to be 
named BJuetoot h. The Bluetoot h Special In terest Group is desc1ibed 
from th e authors' own perspective as par ticipa ting memb ers. Chap ter l 
contain s a reader's guide for the rema ind er of the book. In Ch apter 2 
the basics of wireless communicati ons are cover ed, including sp1·ead 
spectrum radio frequency com mun icat ions in the 2.4 gigahertz spec-
trum and infrar ed communi catio11s, both of which influenc e the Blue-
tooth specificatio n. The funda1nental prin ciple s of Bluetooth 
communi cation , including ma ster and slave roles, ba seband mod es and 
communi cation topology are pre sente d. Chapter 3 describes most of 
the well-knowi1 usage models in which Bluetooth wire less communica-
tion can be empl oyed . In tl1ese usage scenarios the end use1·'s viewpoint 
and derive d benefits are emph asized. Finally Chapte1· 4 provide s an 
i11h·oduction to the Blueto oth core specification and profile s that are 
explored in deta il in Pa1·ts 2 and 3 of the book , r·espectively. 

Pa1·t 1 is designed to aid read ers who are not already famili ar with Blue -
tooth wireless com munic ation in und e1·standing the fundamental s of the 
technol ogy and l1ow that technology came to be. At the sam e time , 
1·eader s ah·eady familiar with Bluetooth wi1·eless communication ma y 
discover new infor·mati on 01· perspectives that will furthe1· their under -
standing of this important new tecl1nology. 

1 
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at Is B uetoot 

-U-he term Bluetoothr"' 1 refers to an open specification for a technology 
to enable short-range wirele ss voice and data communications any -
where in the world. This simple and straightforward description of the 
Bluetooth technology 2 includes several points that are key to its under -
standing: 

Open specification: The Bluetooth Special Inte1·est G1·oup (SIG ) 
has produced a specification for Bluetooth wireless communication 
that is publicly available and royalty free . To help foster widespread 
acceptance of the technology, a truly open specification has been a 
fundamental objective of the SIG since its formation. 
Short-range wireless: The1·e are many instances of short-range 
digital communication among computing and communications 
devices; today much of that communication takes place over cables. 
These cables connect to a multitude of devices using a wide variety of 
connectors with many combinations of shapes, sizes and number of 
pins; this plethora of cables can become quite burdensome to users . 
With Bluetooth tecl1nology, these devices can communicate without 
wires over a single air-interface, using radio waves to transmit and 
receive data. Bluetooth wireless technology is specifically desigr1ed 
for short -range (nominally 10 ft)_eters) communications; one result of 

l . Bluetootl1 is a trade mark owned by fel~ronaktiebolaget L M Ericsson, S\veden and licensed to 
promoters and ado pters of tl1e Blueto 0 ~ Special Int erest Group . 

2. Tlze BL11etootlz Brand Book contains gv-id~li11es for tl1e use of the term Bluetooth. To be consis tent 
witl1 t11ose guidelines , ,ve \vill he11cefort~ 11se the term as an adjective, not as a standalone noun . 

3 
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this design is very lo\v powe1· consumptio11, 1naking tl1e technology 
well suited for use with small, portabl e pe1·sonal devices that typically 
a.re powered by batt e1ies. 
Voice and data: T1·aditional lines bet:vveen computing and commu-
nications environments are continually becoming less distinct. Voice is 
now commonly transmitted and stored in digital fo1·1nats. Voice appli -
ances such as mobile telephones a1·e also used for data app lications 
such as info11r1ation access or browsing. Through voice recognition , 
computers can be cont1·olled by voice, and throu gh voice synth esis, 
computers can produce audio output in addition to visual output. 
Some wireless communication technologie s ai·e designed to can·y on ly 
voice while others handle only data traffic. Bluetooth wirele ss commu -
nication make s provi sions for both voice and data, and thu s .it is an 
ideal technology for unif)ring these wor lds by enabling all sorts of 
de,rices to communicat e using either 01· both of these content type s. 
Anywhere in the world: The telecommunication s indu stry is 
highly regulated in man y part s of the world. Telephon e system s, for 
example, must comply "vith man y gove rnm ental 1·estri ction s, and 
telephony standards vary by country. Man y forn1s of wireless com -
munications are also regulated ; radio frequenc y spectrum usage ofte n 
requires a license with strict tran smission power obligations. H ow-
ever, some portions of the available radio frequency spect rum ma y 
be used without license , and Blueto oth wireles s comm uni cat ions 
operate within a chosen frequency spectrum tl1at is unlicen sed 
throughout the world (with certain limitation s and restri ction s tha.t 
are discussed later in the book ). Thu s devices that employ Bluet oot h 
wireless communication can be used unmodified , no mat ter whe1·e a 
person might be. 

The Bluetooth short-range wirele ss technology is ideall y suited for 
replacing the many cables that are associated with today 's pervasive 
devices. The Bluetooth specification ([BTSIG99] , hereafter referred to 
as the specification ) explicitly defines a mean s for wireless transports to 
replace serial cables, such as those used with modems, digital cameras 
and personal digital assistants; the technology could also be used to 
replace other cables, such as those associated with computer peripherals 
(including printers, scanners, keyboards, mice and others ). Moreover , 
wireless connectivity among a plethora of fixed and mobile devices can 
enable many other new and exciting usage scenarios beyond simple 
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cabl e replac ement . In this book we exp lore various applications of the 
technology. 

Important characteristics and app lications of Bluetooth wireless 
communications are examined in detail in this book. The Bluetooth 
specification is exp lained in easy -to-understand terms with the benefit 
of tl1e authors' experiences gained while parti cipating in its develop -
ment . If Bluetoot h wireless tecl1nology succeed s in the marketpla ce to 
the extent predicted by many anal ysts, it I1as the potential to change 
people's lives and the way that peopl e think about and inte1·act with 
comp uting and communication devices . Understanding this emerging 
techno logy can benefit not only industry profe ssional s but also consum-
ers who can use and obtain value from it. 

The Bluetooth Special Interest Group 
As described above, Bluetoot h wireless communication is embodied as 
a technology specification . This specificat ion is a result of the coopera-
tion of many companies within an organization called the Bluetooth Spe-
cial Interest Group, or SIG. There is no ''Bluetooth headquarters'' nor is 
there any ''Bluetoo th corpo1·ation '' nor any sort of legally incorporated 
enti ty. The SIG is governed by lega l agr·eements among the member· 
parties but it is not a company unto itself. The SIG should not be con-
strued as a fo1·mal standard s bod y; rather it is an organizatio11 chartered 
to define and promote the technology. In fulfilling this charter the SIG 
is depe ndent upon the cont ribu tion s a.nd participation of its member 
companies. Clear·ly a major task of the SIG has been to develop the 
spe cificat ion , but other SIG activities include joint wo1·k with other con-
sortia and standard s and regulatory bodie s, educational and promo -
tional events such as dev eloper·s conferences and the definition of a 
testing and certification pr ocess. 

Technology and SIG Origins 
Bluetooth wireless technology was conceived by engineers at Swedish 
telecommunications ma11ufacturer Telefonaktiebolaget LM Eric sson 
(hereafter, Ericsson) who realized the potential of globa l short-range 
wireless communications. In 1994 Er·icsson had begun a p1·oject to 
study the feasibi lity of a low-power· and low-cost r·adio interface to elim-
inate cab les between mobile phones and tl1eir accessories. 
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In toda y's compt1ting and communications indu sti·ies, pr oprietary 
ne\.\' technologie s rarel y succeed ; custo1ner s clear·ly pr efer to purcha se 
and deplo y technologies based upon industr y stand ards. By c1·eating a 
level playing field, standar·ds give custome1·s greate r freedom to cl1oose 
from among competil1g platforms and solution s, to pr otect their invest -
ments as technologi es evol,,e and to leverage (and in some cases, also 
influence ) multicompan y skills a.nd 01·ganizations devoted to develo pin g 
the standards. 

In this indush ; ' envir·onrnent, the E1icsson invento1·s under stood 
that the technolog} ' was more likely to be widely accepted , and thus 
could be more powerful , if it was adopted and refined by an industry 
group that could produce an open, comm on specification. In early 
1998, leading companies in the compu ting and telecommunication 
industries for111ed the Bluetoo th SIG to focus on developi 11g exactl y 
such an open specification. The founding comp anies of the SI G are 
Ericsson, Intel Corporation , Intern ational Business Machine s Corpora -
tion (IBM), Nokia Corporation and Toshiba Corporation. The se com -
panies fo1111ed the original core gToup (known as promoter companies ) of 
the SIG. The SIG was publicl y announced in May 1998 with a charte1· 
to produce an open spe cification for hardwar e and software that would 
promote interoperable , cross-platfor111 implementation s for all kir1ds of 
devices. 

v\'hile open standards can be quit e advantageou s, one potentia l 
disadvantage of standards bodie s, consortia, special interest groups and 
similar organization s is that they tend toward inherent inefficiencies as 
compared to single -compan y efforts. Within a single compan y there is 
often one overriding objective for developing new technol ogy; in a 
multi-company effort each participant may have different , perhap s eve n 
competing goals . Even with modem ways to exchang e information , 
such as electronic mail, group interactions are still likely to be mor e effi-
cient \vithin a single organization than throughout a group composed of 
many organizations (especially when those organizations are geogTaphi -
cally diverse, as is the case for the members of the SIG-telephone calls, 
for example, have to take into account the fact that the people involved 
reside in time zones with little or no overlap of typical working [or even 
waking] hours ). To overcome some of these potential drawba cks, the 
SIG intentionally was created with a small number of companie s com -
mitted to the rapid development of the specification who were willing 
to expend the resources necessary to accomplish this. 
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SIG Progression 
As tl1e specification . evolved and awareness of the technology and the 
SIG increased, many other companies joined the SIG as adopters; 
adopters are entitled to a royalty -free license to produce products with 
Bluetooth wireless com1nunication based upon the specification and 
can 1·eceive and comment upon ea1·ly versions of SIG publications. 
Today the1·e are over 1,800 adopter membe1·s of the SIG, representing 
academia and industries such as consu1ner electronics, automotive, sili-
con manufacturing, consulting, telecommunications and many others . 
The original SIG 's objective was to develop, as rapidly as possible , an 
open specification that was sufficiently complete to enable implementa -
tions . By carefull y organizing the SIG and making use of frequent in-
person meetings supplemented by even more frequent confe1·ence calls 
and e-mail exchanges, the SIG produced a tl1orough specification 
(together, the volume 1 co1·e specification and volume 2 profiles num -
ber over· 1,500 pages ) in about one and one-l1alf years (version 1.0 of the 
specification , including profiles , was published injuly 1999). 

The SIG organized itself into several working groups, each with a 
focus on a specific part of the technology or on some supporting ser-
vice . These working groups included : 

• the air interface wo.rking gi·oup, which focused on the radio and 
baseband layers; 

• the software wo1·king g1·oup, which developed the specification 
for the pr·otocol stack ; 

• the interoperability working group, which focused on p1·ofiles; 
• the compliance working group, which defined the testing, com -

pliance and certification process; 
• the legal working gToup, which managed the legal affairs of the 

SIG such as membership and intellech1al properly agreements; 
and 

• the n1arketing wo1·king group, which promoted the technology 
and helped to generate the ma1·keting 1·equi1·ements that the 
specification was to address. 

Some of the la1·ger working groups, such as the softwa1·e wo1·king 
group, were further divided into task forces focusing on a particular 
laye1· of the Bluetooth protocol stack . Coordinating all of these working 
groups and governing the ove1·all SIG was a program management 
committee composed of voting 1·epresentatives from each of the pro -
moter companies. 
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During the one and one -half yea rs tl1at the SIG was deve lopi ng 
the specification, working groups and task forces met a11d condu cted 
their business botl1 togethe1· and sepa1·ately. Full working gro up (and 
sometimes complete SIG ) meetings \.ve1·e held every few week s, often 
hosted by promoter companie s in loca tions vvhere man y of their 
i11vol\1ed pe1·sonnel wo1·ked-these includ ed Ericsson's Lund, Sweden 
facility; Int el's Chandl er, Ai_·izona software laboratory; IBM 's sites in 
Research Triangle Park , No1·th Carolina and H awtho1·ne, New Yo1·k ; 
and Nokia 's Tampe1·e, Finland location . Most vlorkin g gi·oups an d task 
forces also l1e1d weekly conference calls. In additi on , e-m ail distribut ion 
lists v\rere used liberall y and in fact wer·e a p1·ima1;1 method for conduct -
ing working group bu siness. Because of the geograp hic dive rsity of the 
people involv ed , it was difficult to find mutu ally convenient tim es for 
frequent voice con, ,ersation s;3 thus elecb:onic mail quickly became a 
convenient and heavil y used means of communi cation (in man y 
respects it allo\.\1ed specifi cation development aro und the clock). 
Indeed , the official ratificati on of the final versions of the specificatio n , 
profile s and errata was conducted using the e-mail reflector s. 

In December 1999, four ne\.v promot er comp anies (3Com Corpo -
ration, Lucent Technologie s Inc ., Microsoft Corporation and Motorol a, 
Inc ., some of whom had made contributions to the original specifica tion 
as adopter compani es) joined the SIG . Th e group remain s very active 
today in maintaining the existing documentation and in crea ting 
enhancements to the specification , along with new profil es. Thi s work is 
discussed in further detail in Part 4 of this book. 

It easily can be seen that it took an enormou s effort to deve lop 
over 1,500 pages of complex and detailed information in ju st ove r a 
year's time . Fo1· many in the SIG this became their full-time job or at 
least a primary responsibility. Issues, both technical and non -technical , 
inevitably arose and were handled through discussion and voting when 
necessary, but in general the development and refinement of specifi ca-
tions and profiles progressed in an exemplary manner. A spirit of coop -
eration, fostered by the common objective of producing an open 
specification for this important new technology, usually carried the da y 
( at least in the authors' experience in the software and interoperability 
working groups). 

3. \i\Then iL \Vas 9:00 a.m . on the \vest coast of the United Slates, where man y involved parties 
\Vorked and lived, il often (depending upon da ylight-saving lime obse rvanc e) was 7:00 p .m . in 
FinJand and 2:00 a.m. the follo,ving morning injapan. 
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The Bluetooth Name and History 
Bluetooth is notable in lhe high-technology indu stry in seve ral respect s, 
bu t in parlicular its name ga rner s much at tenti on. Most new indu stry 
initiatives are kno wn by a name whic h de sc1ibes th eir assoc iated tech-
nolo gy or its appli cat ion a11d o·ften they quickly become kn own by an 
ac1·onym de sc1ibing th e full name. Wh y wasn't the techno logy calle d, 
for example, ''Shor t-R ange Wire less Rad io," or SRWR, or some otl1er 
descriptive name? The an swer lies in the l1eritage (and perhaps the 
whimsy ) of th e origina l invento1 ·s. There are numerou s histories an d 
acco unt s of the Blt1etoot h namesake and ho w that nam e came to b e 
chosen; th e gener ally accepte d sto1·y and facts are cited h ere. 

Harald Bldtand was Kin g of Denm ark from app1·oximately A.D. 
940 to 985. Du ring hi s 1·eign Kin g Har ald is report ed to have unit ed 
Denm ark and No1·way an d lo ha ve brought Chri stiani ty to Scandinavia. 
Appare11tly ''Blata nd '' t1·anslates, at least loo sely, to ''Blue Tooth ." The 
origi ns of th is nam e a1·e unce1·tain , altho ugh it was relatively comm on 
durin g this time for kings to have a distinguis hin g nam e (some histor ies 
say that the name is attributed to H ara ld's dar·k complexion; some 
acco un ts even indi cate that King H a1·ald was kn own for teeth of a blui sh 
hue resulting from his fondn ess for· blu eberrie s, although thi s is pr·oba-
bly folklore ). For a technology with its 01igin s in Scandinavia , it seeme d 
appr opri ate to the SIG founder s to name the organization that was 
inte nd ed to un ify multinati ona l com panies afte r a Scandinavian king 
who uni ted countri es. Thu s was born the Bluetoot h name , which ini-
tially was a11 unoffi cia l cod e name fo1~ tl1e p1·oject but today h as be come 
the trademark nam e (see footnote 1 on page 3) of the technology an d 
the special int erest gro up . Figure 1.1 shows tl1e Bluetoot h logo , inspi1·ed 
by the initia ls ''H B '' for H arald Bluetoot l1. 

TM 

Figure 1 .1 
The 8/uetooth logo, a trademark owned by Telefonaktiebolaget L M Ericsson, Sweden 
and licensed to promoters and adopters of the Bluetooth Special Interest Group. 

Bluetootl1 wireless communication has engend e1·ed t1·emendous 
inter est sinc e the SIG's formation was announced. Articles in m any 
leading compute1·-indust1·y t1·ade pre ss pt1blications and in quite a few of 
the m ains t1·eam media ha ve appear ·ed with son1e frequency. Man y ana-
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10 Chapter l t WHAT IS BLUETOOTH? 

lysts such as the Cahner s In -Stat G1·oup and the Gartner Group 
DataQuest now includ e Bluetooth wireless communi cation s in their 
studies and forecast s . Between November 1998 and Jun e 2000 at least 
nine n1ajor Bluetooth de velop ers conferences were held in cities inc lud -
ing· Atlanta , Tokyo, London , Amsterdam, Gen eva, Los Angel es an d 
Monte Carlo . The SIG-sponsored conferenc e in De cemb er 1999 in Los 
Angeles attra cted o,,er 2,000 develop e1·s from djve rse geograprues and 
industrie s. 

Reader's Guide to This Book 
This chapter has introduced the Bluetoo th Special In terest Group , th e 
technology , its chief cha1·acteristics and the history of its dev elopment . 
The remaining chapter s o·f Part l pr ovide additional backg1.·ound 
intended to aid in under stanilin g the techn ology and what it can do. 

Chapter 2 iliscusses wire less communication technologi es in gen-
eral and the Bluetooth railio frequen cy wi1·eless soluti on in particu la1·, 
including requirements and de sign choices for use of the 2.4 -gigahertz 
spectrum, radio power consumption, ''master/ slave'' radio relati on ship , 
adaptive audio range , ''piconet '' and ''sc attemet '' topo logies and glob al 
radio use. 

Chapter 3 describes the significance of develo pin g usage mod els 
for Bluetooth 'Nireless comm uni cation and how these usage mod els 
relate to Bluetooth profile s. Each of the usage model s is descri bed, 
focusing on the benefits a.nd value for a product' s end user. Di stinction s 
are drawn between those usage models enabled with ve rsion 1.0 of the 
specification and those intended fo1· future use . 

Chapter 4 briefly exp lain s the purpose , scope, structure and rela -
tionships of the Bluetooth specification and profiles , serving as an intr o-
duction to Parts 2 and 3 where the se topic s are covered in detail . 

''Part 2: 'The Bluetooth Specification Examined'' intr o-
duces the Bluetooth protocol stack in Chapter 5, partitioning the stack 
into transport, middleware and application protocol group s. In Chap-
ter 5 the relationships among the various layers of the stack are exam -
ined , and each of the remaining chapters in Part 2 then covers one or 
more of these layers in detail. The intent is not just to reiterate informa -
tion already available in the specification but rather to pr ovide infor111a-
tion that supplements the specification and aids in its understanding . 
Wherever possible we include inforrnation about the history, rationale 

IPR2020-00202 
Apple Inc. EX1057 Page 32



Reader's Guide to This Book 11 

and justification of the techni cal content s of the specification based 
upon our pa1·ticipation in its development . 

Chapter 6 describes the radio hardware , link controller, base -
band , and link manage1· layer s of tl1e p1·otocol stack. Togetl1er the se lay-
ers compri se the lower layers of the tran sport group of the protocol 
stack. Topic s cover·ed include the motivation and design tradeoff s 
behind the radio and baseband specification s, including the choice of 
the 2.4 gigahertz ISM frequency band; the rea sons behind some of the 
radio and baseband paramete1 ·s; the choice of the master / slave base -
band model ; tl1e ba sis for the picon et and scattemet topologies ; and the 
motivation and design tradeoff s for secu1·ity features such as pairing and 
encr yption. 

Chapter 7 de scribes the logical link cont1·ol and adaptation pro -
tocol (L2CAP ) and ho st controller interface (HCI ) layers of the protocol 
stack. We call the se the upper laye rs of the tran sport group of the proto -
col stack, and they form the ba sis for the remainder of tl1e software 
stack, in cluding any new protocol s that may be introduced in the future . 
Topic s covered include tl1e motivatio11 and design tradeoffs leading to 
tl1e development of the HCI and the situation s in which this layer is rel -
evant ; issue s with flow control and its architectural placement within the 
stack; and how higher -layer elements of the stack can use and benefit 
from L2CAP . 

Chapter 8 presents the RFCO MM and service discove1y proto-
col (SDP ) layer s of the p1·otocol stack. These are middlewar·e layers that 
provide ab straction s in the form of logical interfaces and mes sage trans -
action s that can be used by application layer·s. Topics covered include 
the motivation and design tradeoffs for specifying · a logical serial inter -
face and its 1·esulting benefits; how leg·acy applications could use Blue-
tooth wire less communication via RFCOMM; the motivation and 
design tradeo ·ffs for specifying a new discovery protocol; and how SDP 
maps to other· discovery protocols. 

Chapter 9 descr·ibes the IrDA ® Interoper ·ability layers of the 
protocol stack. These ar·e layers of the protocol stack that inco1-porate 
protocol s and object formats specified by the Infrared Data Association 
(IrDA ) into the Bluetooth specification. Topics cov ered include the 
motivation and design tradeoffs for· reusing existing IrDA p1·otocols and 
object formats ; how existing IrDA applications could use Bluetooth 
wireless communications; and similarities and differences between 
IrDA and Bluetooth wireless commt1nications. 

Chapter 10 discusses the telephony contro l specification (TCS ) 
layer· of the p1·otocol stack and also describes how voice and audio com-
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munications are n1anaged. Togethe1· audio and TCS provide full tele-
phon y suppor·t fo1· both voice and data c~lls: Topic s cove1·e~ includ e the 
motivation and design tradeoffs for spe c1fy1ng sepa1·ate voice and data 
channel s; rea sons fo1· the selection of voice encodin g techniqu es, i11clud -
ing tradeoff s of qua}jty and efficiency; and alternative forms of te le-
phon y control protocols and why TCS ,,vas chosen . 

In ''Pa.rt 3. The Bluetooth Profiles Exa111ined'' we loo k into 
volume 2 of the Bluetootl1 specificat ion, commo nly known as the Blu e-
tooth profile s, in the same manne1· in vvhich we cove1·ed the co re specifi -
cation in Part 2. Chapter 11 examine s the moti va tion for , 
development of and relation ships among the various profile s, which 
define ho,v to use the p1·otocol stack to achi eve interoper abl e soluti on s. 
Each of the remaining chapters in Par t 3 then covers one or n1ore of 
these profile s in detail . Ju st as in Part 2, the int ent of these chapt ers is 
not simply to reit erate information alr·eady availabl e in th e profil e spe c-
ification but rathe1· to pro, ,ide informati on to supp lement the sp ecifica -
tion and aid in its under stan iling . 

Chapter 12 de scribe s the generic access pr ofile ( GAP ) and the 
service discovery application profile (SDAP ). The se pr ofiles define fun -
damental principles used to establish connection s among devices with 
Bluetooth wireles s communication capability and provid e a basis upon 
which the remaining profiles are bwlt. Topic s covered includ e th e moti -
vation a.nd design tradeoffs ·for security features such as pairin g and 
encryption; the various pos sibilitie s for device s to be discovered ; and 
ho\v applications could acce ss and make use of the service discovery 
protocol for service location and browsing . 

Chapter 13 discusses the telephony class of profiles, including 
cordless telephony, intercom and headset. The se profile s define vario u s 
ways to use voice communication and call control for telephony appli -
cations. Topics covered include the motivation and design tradeoffs for 
selection of the version 1.0 telephony profile s; IO-meter versus 100-
meter radio range ,,vith respect to the intercom profil e; and current and 
future applications for voice headsets developed accoriling to the head -
set profile. 

Chapter 14 presents the serial port -based class of profiles , includ -
ing generic object exchange, object push, file transfer and synchroniza -
tion in addition to the common serial port profile itself. These profile s 
all define ways to use the RFCOMM virtual serial port to exchange and 
synchronize data between two peer devices. Topics covered include the 
serial port profile ''family tree''; configuration of the serial port profile 
and the relevance of typical serial parameters in Bluetooth wireless 
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commu ·nications; why the distin ction between object exchange, object 
push and file tran sfe1· is impo1·tant; a11d ct1r1·ent and future possibilities 
for data synchronization. 

Chapter 15 describe s the networking class of profiles that 
include s dial-up netwo rking, LAN access and fax. The se profile s all dea l 
with some variation on data networking between Lwo or more peer 
devices. Topics covered include limitation s of Bluetooth wireless com-
munications relative to some fax 1·equiremenls; the relevance and value 
of audio feedback for dial -up netwo 1·king; a11d the many possibilitie s for 
networking with Bluetooth wireless communications and why LAN 
Access using PPP was chosen for version 1.0. 

''Part 4. 'The Future of Bluetooth Wireless Conununica-
tions '' look s at where the technology is headed. Chapter 16 discusses 
futw·e pos sibilities for the techno logy, including those that the SIG is 
currently developing: automotive, imaging, printing , extended service 
discovery, association with the IEEE 802.15 standards organization and 
others. Thi s chapter· discusses how new usage cases might be rea lized 
using Bluetooth wire less communication and how industry innovators 
might go about developing new Bluetooth wi1·eless commun ication 
solutions. In addition, the product landscape for Bluetooth wireless 
technology is explored, inc luding the current and projected market -
place. Chapter 17 sumn1arizes the boo k and offers conc luding remarks 
abo ut the future of Bluetoot l1 wireless communication, including a short 
discussion of interoperab ility and the opportunit ies that the techno logy 
pr esents. 
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Basics 

C ommunication can take many for1ns-audio , visual, written, elec-
tronic and so on. In the realm of electronics , analog and digital commu-
nications are so pervasive in modern society that they are largely taken 
for granted. The exchange o·f data using these forms of communication 
has led to the use of te1 ms such as ''the information industry'' and ''the 
information age.'' From telephones to computers to televisions, commu-
nication in many respects ''makes the world go around.'' Bluetooth 
wireless technology is one form of electronic communication , and in 
this chapter we examine some of its fundamental and specific character -
istics, including relationships to other forms of communication. We 
begin with a brief general discussion of wireless communications and 
then progress through more specific forms relevant to the Bluetooth 
technology. There are many other types of wireless communication; 
ou1· intent here is to touch upon those that provide background for the 
Bluetooth technology rather than to provide a primer on wireless tech-
nologies in general. 

Wired and Wireless Communications 
A great deal of data is car 1ied over wired networks-many telephones, 
coaxial cable systems, local area networks and parts of the Internet 
communicate via wires and cables. Many televisions are connected to 
cable systems, most networked computers are connected to telephone 
lines or wired networks such as Ethernet networks, and even cordless 

15 
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16 Chapter 2 t TECHNOLOGY BASICS 

and n1obile telepho11es rely on wired ''land line'' telep hone syste m s to 
carry and route calls betwee n e11dpoints. 

Communicatino- without \.\rires is 11ot a new concept. Broadcast b ' 
radio and television are two common examples of wireless communica -
tions ; others include satellites, cordle ss and ce llu lar te lephon es an d 
ren1otel y controlled televisions , garage door opene1·s and auto111obil e 
door locks. vVhile most of thes e examp les emplo y co mmuni cat ion via 
radio ,.vaves, the use of infrar ed, a nonvisib le spect rum of light , is also 
1·elatively common . Bluetoot h wire less communication empl oys radio 
freq1tency (or RF) technology , using rad io vvaves to communi cate 
through the air in a manner fundam entall y similar lo b1·oadca st radi o or 
televi sion . 

Radio Frequency Wireless Communications 

• 

RF technologies emplo y transmitters and rec eiver s lun ed to p1-odu ce 
and consume, respectivel y, radio waves of a given frequen cy range. The 
transmitter's po\ .ver and the receiver 's sensitivity h elp to dete rmine the 
distance over \.vhich they can communicate. High tran smi ssion p owe r 
output is used for long-range communication s such as broadc ast televi -
sion while short -rang e communications genera lly require much less 
power; thus technologies that a1·e designed to communi cate across on ly 
a fe,v meters could be employed in small , m obile batt ery powered 
devices. Another characteri stic that is releva nt for communication 
applications is the ability of radio waves to penetrat e man y objects. 
Obstacles reflect light waves used in technologies such as infrared , but 
radio waves used in RF technologie s in general can (with certa in lin1ita -
tions ) penetrate many obstacles (although in some cases radio waves 
can diffract or go around objects too). Thus RF technologi es ca n perme -
ate many obstacles such as clothing, bodies, walls, door s and the like . 
This means that there is no requirement for a '' line of sight '' betw een the 
transmitter and the receiver. 

RF technologies use frequency modulation to generate radio 
waves within a certain frequency spectrum, which encode infor111ation 
and can be intercepted by receivers tuned to the corresponding fre -
quency. FM radio broadcasts , for example, operate in the 88 megah ertz 
(MHz) to 108 MHz frequency spectrum; some cordless telephones 
operate in the 900 MHz frequency spectrum; Bluetooth wireless com-
munications and other technologies operate in the 2.4 gigahertz ( or 
GHz; one gigahertz equals one billion cycles per second ) spectrum . 
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Because the usable radio frequency space is finite, most governments 
regulate its use , partitioning frequency ranges and granting licenses to 
transmit at those frequencies at specified power levels. In the United 
States, for exa1nple, a federal license is required to transmit in the FM 
radio frequency spectrum except at extremely low power levels that 
limit the range to no more than about 30 meters. Some frequencies are 
reserved fo1· use without a license under certain conditions. For exam-
ple , in the United States unlicensed operation is permitted, with some 
restrictions, in the 900 MHz and 2.4 GHz frequency ranges ( the latter 
being whe1·e Bluetooth wireless communication operates ). In fact, 
th1·ough multinational agreement, tl1e 2.4 GHz spectrum requires no 
licen se for its use anywhere in the world. 1 The SIG together with other 
organizations such as the IEEE 802.11 standards body is working with 
regu latory authorities in some countries to pursue har1nonization of the 
frequency assignments for unlicensed use within the 2.4 GHz spectrum 
and of the app1·oval process for wireless communications. In general the 
chosen frequency spectrum can be used globally without license so long 
as the rules for operating within this spectrum are fallowed. 

RF Communications in the 2.4 GHz Frequency 
Spectrum 
While the 2.4 GHz spectrum is globally unlicensed, there are regulatory 
requirements and other considerations for its use. These include: 

• The spectrum is divided into 79 channels (although in some 
countries, notably Spain and France, only 23 channels were 
available fo1· use in the year 2000. Japan began using all 79 
channels in 2000). 

• Bandwidth is limited to 1 MHz per channel. 
• Frequency hopping spread spectrum communications 

(described below) must be employed. 
• Interference must be anticipated and appropriately handled. 
Other RF communications technologies also use this spectrum; 

notable among them are HomeRFT~f (an open industry specification for 
RF communications in home environments; see l1ttp://www.hon1erf.org) 
and the Institute of Electrical and Electronics Engineers (IEEE) 802.11 
specification for wireless local area networks (see http://www.ieee.org). 
Microwave ovens also operate within this frequency range. Because this 

I. In some countries there are restrictions and only part of this spectrum is available for unli-
censed use; these restrictions are discussed else,vhere in the book, notably in Chapter 6. 

IPR2020-00202 
Apple Inc. EX1057 Page 39



18 Chapter 2 ,. TECHNOLOGY BASICS 

spectrum is unJjcens ed, new uses fo1· it a1-e to be expect ed (fo1- examp le, 
a new generation of cordless telephone s also t1ses the 2. 4 GHz fre-
quency ) and as tl1e spectrun1 be comes more ,,vide ly t1sed , radi o int erfer-
ence is mor e likel y. TJ1us the requiren1ent to an ticipat e and address 
inte1·ference in the 2.4 GHz 1·ange is i1npo1·tant fo1-all technolo gie s tl1at 
operate in it. 

Each technolog) ' using· this spect 1·um has mad .e de sign choi ces 
,1rithin the spectrum 's constraints tha t op timize that techno logy for par -
ticular applications or domain s. Blu etoot h wi1·eless comn1uni ca tion is 
designed to take m~xin1um advantage of the avai lab le ch ann el band -
width and to minimize RF inte1-ference and its effects vl hil e o p er·atin g at 
very Io,v power. 

Spread Spectrum RF Communications 
Within RF communications, sp1·ead spectrum refer s to dividing th e ava il-
able spectrum based upon frequ ency , time, a cod ing sch em e or som e 
other method. Me ssages to be sent are then divided into various parts 
(packets ) that are transmitted across the divided spectrum . Fr equ en cy 
division spread spectrum (or frequency hoppini) , whic h is th e method 
employed with Bluetooth wireless commun icatio n, divide s the spec -
trum into different frequencies , or channels. 2 A sing le me ssage packet is 
transmitted on a selected channel, then the radio selects a new channel 
(a process called hopping to a new frequency ) to tran smit the next 
packet, and the process repeats , thereby spreadin g the message acros s 
the available frequency spectrum. Each technology spec ifies its ow11 
meth .od for establishing the frequency hopping pattern. Obviously th e 
receiver (s) of the ·message must know the hopping pattern to tune to the 
correct channels in succession to receive each packet and assemble the 
complete message. This process is called frequency hopping spread spec-
trum, or FHSS. 

FHSS introduces additional complexity as compared to u sing a 
single statically selected frequency, yet it also supplies som e benefits . 
First, RF interference can be reduced since all radios hop (often ran -
domly or at least pseudorandomly, and often rapidly ) from one fre-
quency to another. When all of the participants in the spectrum employ 
FHSS, interference caused by colliding transmissions on the same fre-
quency is less likely than it would be if each radio used a single channel 

2. Contrast frequency hopping spread spectrum with direct sequence spread spectrum, which is 
not examined here . Direct sequence is another form of spread spectrum RF communication 
employed in other technologies such as ,vireless LANs and is outside the scope of this book. 
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for a long duration . In addition, when collisions do occur, their effects 
a1·e lessened, since only a single packet is lost and that packet could be 
retransmitted at a new frequency, where again it is less likely to encoun -
ter interference. Second, FHSS can provide a degree of security for 
communications in tl1at only a receiver that knows the frequency hop-
ping pattern can receive and assemble all the packets of a message. 
Because the hopping pattern for a given spectrum could be constructed 
in a number of ways, it could be clifficult to deduce and follow an 
unknown l1opping pattern, especially when the spectrum is heavily uti-
lized with many radios. Thus FHSS can be employed to hinder eaves -
dropping. In fact, this latter characteristic led to the invention of FHSS, 
usually attributed to George Antheil and Hedy Lamarr (the latter is 
more famous as an American actress ). Their 1942 patent of the fre-
quency hopping concept was motivated by an attempt to find a ''secret 
communication system '' using radio waves to control torpedoes during 
World War II. 3 

As previously noted, the use o·f spread spectrum is required in the 
2.4 GHz range, largely to minimize interference problems because the 
spectrum is unlicensed. The design for Bluetooth wireless communica-
tion employs relatively rapid frequency hopping (nominally 1,600 times 
per second ) and is described more fully below and in Chapter 6. 

Infrared Wireless Communication 
RF is not the only form of wireless communication. Infrared technology 
is used with devices such as notebook computers, personal digital assis-
tants and electronic remote controls. Infrared wireless communication 
makes use of the invisible spectrum of light just beyond red in the visi-
ble spectrum. 

In particular, one standard method for infrared communication is 
specified by the Infrared Data Association (IrDA; see http:// 
www.irda.org); this method is commonly used with mobile phones and 
notebook and handheld computers. IrDA technology is relevant when 
discussing Bluetooth technology because IrDA is also designed for 
short-range, low-power unlicensed communications. IrDA also defines 

3. The complete story of thjs invention is fascinating but is outside the scope of this book . Inter-
ested readers are referred lo, for example, [IAL.99) or other accounts easily found via vVorld 
Wide Web search engines . Furthermore, any rationale or implications of the choice of naming 
the Bluetooth technology after a Danish kjng rather than an American actress are not e>..l)lored 
here . 
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a physical layer and a software p1-otocol stack design ed to promote 
interoperable comn1unications , as do es the Bltietooth spec ificat ion . 

Despite the differences betwee n IrDA and Bluetoot h wireless co m-
munications , such as data transmission spe eds ai1d signal path s (infrared 
largely 1-equit-es line -of-sight path s while RF can penetrate man y 
objects ), the similarities ai-e such that the SIG wo 1-ked witl1 the IrDA in 
developing tJ1e specification. Becau se ther e is ove1-lap in the ap pli catio n 
spaces of IrDA and Bluetooth \\Tireless communi cat ion s, tl1e sp ec ifica-
tion includes ai1 IrDA interoperabili ty laye 1-in whi ch some pro tocols 
defined by I1-DA are inco1-po1-ated . Thi s help s to pr om ote in teroperabil -
ity among ,virel ess application s no mat ter ,,vhi ch commun ica tion s t1-ans-
port is being used . IrDA interoperabili ty in the Bluetoot h spe cification 
is further detailed in Chapter - 9. 

The Bluetooth RF Communications Solution 
The preceding discussion forrr1s th e ba sis for und erstanding th e Blu e-
tooth design , which: 

• in the lower layers center s around wirel ess RF communi cation s 
in the 2.4 GHz spectrum; 

• is optimized for short-1-ange communication, low powe r con-
sumption and low cost; and 

• in the higher layers reuses transport and application protocols 
already developed for similar domain s such as tho se used with 
infrared wireless communication. 

The result is a wireless communication technology that is espe -
cially appropriate for cable replacement and for use with portable 
devices in pervasive computing applications. Some o·f the fundamental 
principles for Bluetooth RF communication are described here; details 
of the radio and baseband operation are given in Chapter 6. 

Master and Slave Roles 
At the baseband level, when two devices establish a Bluetooth link , one 
acts in the role of master and the other in the role of slave. The specifica -
tion per111its any Bluetooth radio to assume either role, and a device 
may act as a master for one communication link and as a slave for 
another link.

4 
The role of master does not imply special privileges or 

authority; instead it governs the synchronization of the FHSS commu-
nications between the devices. The master device determines the fre-
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quency hopping pattern (based upon its Bluetooth device address) and 
the phase for the hopping sequence (based upon its clock). All slaves 
communicating witl1 a given maste1· hop together in unison with the 
maste1·. The master role generally is assumed by the device that initiates 
the communication .5 Part 2 of this book provides more details about 
establishing communications links. 

A given master may communicate with multiple slaves-up to 7 
active slaves and up to 255 parked slaves 6 (active and parked slaves are 
described more fully below ); all slaves communicating with a single 
master form what the specification calls a piconet (also described mo1·e 
fully below ). There can be only one master in a single piconet. 

The master-slave relationship is necessary in Bluetooth low level 
communications but in general devices o_perate as peers. When one 
device establishes a point-to-point link with another device, the role that 
each device assumes (master or slave) is often unimportant and is irrele -
vant to higher -level protocols and to the user of the device. In some 
usage scenarios it may be advantageous or even necessary for a given 
device to assume a particular role, but in many cases it is not critical to 
establish a single specific role for each device; some scenarios work 
equally well with device roles reversed. It is important to understand the 
master -slave relationship for low-level communications while at the 
same time understanding that in general devices operate as peers to each 
other. Figure 2.1 shows the master and slave roles in a simple piconet. 

4. Some device s might be configured to act in only one role, but most Bluetooth devices are 
expected to include radios that can assume eitl1er role, depending upon the usage case being 
performed . 

5. The device initiating con1munication assumes the master role at the outset, although the master 
and slave roles can be S\vitched, as detailed in Chapter 6. 

6. Actually more than 255 park ed slaves are possible. The Bluetooth specification defines "direct" 
addressing for up to 255 parked slaves via a parked slave address but also permits "indirect " 
addressing of parked slaves by their specific Bluetooth device address, thus effectively allo\ving 
any number of parked slaves, although from a practical perspective it \Vould be unusual to have 
more than 256 devices in a single piconet. This topic is ex-plored more fully in Chapter 6. 
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• •• ••••• ••••••••• • ••••• •• • •• • • • • • • •• •• •• • • • • • • • • • • • • • 
•• •• ••• ••• 

•• .. • ·· .. 
• • • • • •• • 

• • • • • • • • • • • • • • • • • • • • • • ..... S1ave1 ·· ... 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • , I • • • • • • • • • • 

= . Master 1 l • • • • • • • • • • • • • • • • • • • • • • • : : • • • • • • • . . : \ Slave 2 :· 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ·•... S1ave3 .... · 

• • .. • • • • '• .• • •• •••• •• • 
•• •• • ••• '•, ,• •• •• •• • •• •• •• •• •• •• ••• • ••• •••• • •• ••••• ••• •• •• • •••••••••••• 

Figure 2.1 
Master and slave roles in a simple piconet . 

Baseband Modes and Energy-Conserving Features 
As noted above, a piconet can include up to seven active slaves and 
many more parked slaves. The specification includes a definition for this 
parked baseband mode, as well as for other modes called sniff and hold. 
The various baseband modes facilitate energy conservation by allowing 
the radios to enter low-power states. These low-power modes are reall y 
just three different methods for entering and exiting a low-power state , 
and the mode applies to a given Bluetooth connection (rather than to 
the device as a whole). These baseband modes also per1nit a greater 
number of devices to be co-located in the same proximity sphere, since 
not all devices need to have active communication links at the same 
time. All four of these baseband modes (active, sniff, hold and park ) 
apply when the baseband is in a connection state; when not connected, 
the baseband is in a standby state, which should not be confused with 
any of the connected state modes. That is, the baseband states are con-
nected and standby; within the connected state there are four modes 
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(active, sniff, hold and parked). These states and modes are described in 
more detail in Chapte1· 6. 

In active mode a slave essentially always listens fo1· transmissions 
from the master. Active slaves receive packets that enable them to 
1·emai11 synchronized with the master and that infor1n them when they 
can t1·ans1nit packets back to the maste1·. An active slave must listen for 
all packets con1ing from the master, although one optimization is per-
mitted in which active slaves need not listen for enti1·e packets (rather, 
jt1st tl1e packet headers ) coming from the master when it is known that 
some other active slave is con1municating with the master during that 
time. The active state typically provides the fastest response time but 
also typically consumes the most power, since it is always receiving 
packets and is always prepared to transmit packets. 

Sniff mode is one method for reducing power consumption. In 
sniff mode a slave essentially becomes active pe1·iodically. The master 
agrees to transmit packets destined for a particular slave only at certain 
regular intervals (although it may not transmit packets at every inter-
val). The slave tl1en needs to listen for packets f1·om the master only at 
the start of each interval (subject to some timing tolerances). If the slave 
receives packets at the start of the interval it continues to listen and · 
r·eceive packets; otherwise it can ''sleep'' until the next interval. Sniff 
mode could per·mit reduced power consumption by reducing the aver-
age duty cycle of the radio but is likely to be less responsive than active 
mode. The powe1· consumption and responsiveness in sniff mode 
depend upon the lengtl1 of the sniff inte1·val. 

In hold mode a slave may stop listening fo1· packets entirely for a 
specified time interval. 7 The master and slave agi·ee upon a hold time, 
and the communication link is quiesced for that amou _nt of time. During 
the hold time tl1e slave need not listen fo1· packets from the master and 
could be doing other things such as establishing links to other devices, 
or the slave could just sleep during the hold time. At the end of the hold 
period the slave resumes listening for packets from the master. Hold 
mode may be less responsive than sniff mode and could permit greater 
powe1· savings tha11 sniff mode, although this depends upon the hold 
time duration and upon what the slave does during the hold time 
(sleeps versus communicates on other links). 

7. Or at least certain types of packets. Since packet types have not yet been u1troduced, this sec-
tion describes the fundan1ental concept of hold mode. A more complete description ca11 be 
found in Cl1apter 6. 
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In parked mode a slave maintains synch1·onization with th e ma ster 
but is no longer considered active (slaves in active, sniff and hold m odes 
are considered active). Since ther e can be only seve n active slave s in a 

iconet at one time , the use of park ed mode allow s the m aste r to 
~rcI1estrate communications \.\rithin a piconet of more than seve n 
devices by exchanging active and parked slaves to maintain up to seve n 
active connections while the remaining slaves in the piconet are parked . 
A parked slave still needs to maintain synchroni zation with the m ast.er 
and does so by listening to the master pe1·iodicall y, using a beaconing 
scheme described in Chapt er 6. Park ed mode is typi cally th e least 
responsive of the connected mod es, since the slave mu st m ake th e tra n-
sition to become an active member of the piconet befo1·e resumin g gen-
eral communications , but parked mod e may permit g,.·eater pow er 
conservation. 

Figure 2.2 shows a typical relation ship of the conn ecte d sta te 
modes in te11ns of their relativ e 1·esponsivene ss versus power cons ump -
tion. However , both power consumption and respon sive ne ss in the se 
modes is highly dependent upon factors such as the amount of commu -
nications traffic and the hold and sniff period s, which can affect the du ty 
cycle of the radios. As a general rule, active slave s will consume th e 
most power but will be the most responsive , while parked slaves will 
typically be the least responsive . The figure illustrat es the general trend, 
although these relationships may vary in specific cases. 

Fastest Responsiveness Slowest 

Active Sniff/Hold Park 

Highest Power Consumption Lowest 

Figure 2.2 
Typical relative responsiveness versus power consumption for connected state baseband 
modes (generalized; may not apply in all cases). 

In addition to the baseband modes which permit energy conserva-
tion, another power-saving feature is adaptive transmission power. This 
feature allows slaves to infor1n the master when the master's transmis-
sion power is not appropriate, so that the master can adjust its transmis-
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sion power. This is accomplished through the use of a received signal 
strength indicator (RSSI). When the RSSI value is outside some deter-
mined boundar·ies, the slave can ask the master to adjust the power. 
This is especially useful when two devices are in close proximity and 
maximum transmission power· is not required (analogous to two people 
standing next to each other, with one person shouting and the second 
person asking the shouter to speak more quietly). Of course the con-
verse is also true: transmission power increases also could be requested 
when the RSSI value indicates too weak a signal but the primary moti-
vation for adaptive transmission power is to reduce power consumption 
when a lower transmission power is sufficient. The master maintains 
transmission power settings for each slave so that a change in transmis-
sion power· for one slave does not affect other slaves in the piconet. Like 
oth er energy-conservation features, adaptive transmission power could 
also allow a gr·eater number of devices to be co-located in the same 
proximity sphere, since it could further r·educe the possibility of RF 
interference with other devices. 

Communications Topology 
The Bluetooth network model is one of peer-to -peer communications 
based upon proximity networking. When two devices come within 
range of each other, 8 they could automatically establish a communica-
tions link. Devices will not necessarily begin to communicate spontane-
ously when they encounter each other, as the baseband could be 
configured to accept only certain connections, or even none at all. The 
pr·ocess of initiating communications links is explored in detail in Chap-
ters 6 and 7. 

Proximity networking without wires enables the formation of per-
sonal area networks, 01· federations of personal devices such as mobile 
telephones, page1·s, notebook computers and personal digital assistants. 
When these devices can communicate seamlessly, their overall utility is 
enhanced. Another application for proximity networking is the interac-
tion of mobile devices with fixed devices such as kiosks, printers, net-
work access points and vending machines-a person could establish 
communication between his personal device and a fixed device just by 

8. Nominal range for the standard O dBm Bluetooth radio is approximately 10 meters; po\ver· 
amplified 20 dBm radjos \vith a range of about 100 meters are also possible. The Bluetooth ver· 
sion 1.0 specification focuses primarily on the standard radio and thus deals mostly \vith com· 
munication \vithin a 10-meter range. 
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ASi 

PSi 

S8i 

approaching it. Thi s topology enabl es oth er usage m odels, too· th ese 
ru:e explored more fully in Chapt e1· 3. 

Piconet topology, introduced eai·lier, can now be furth er expl o red 
given the foregoing discussion of n1aster and slave rol es and b ase band 
modes. A piconet consists of a singl e ma ste1· and all slave s in pr oxi mi ty 
that are connected to (in communi cation with ) th at n1aste r. T h e slaves 
may be in active , sniff, hold or park m odes at an y give n tim e . A ll of the 
de,rices in the piconet ar e synchroni zed , all hoppin g toget h er. Th ere 
ma) ' be other devices in proximi ty that ar e not co 11necte d to (no t in 
communication ,vith ) the ma ster and thu s are not par t of the pi conet, 
including devices in standby stat e. Figur e 2.3 shows thi s m ore ge neral 
view of a piconet ; note that the1·e could be up to seven act ive slave s and 
any number of parked slave s and standb y devices (alth ougl1 m ost typi -
cal piconets , especiall y those tl1at ar e form ed to supp ort the ve rsion 1.0 
profiles, a1·e exp ected to have onl y a few devices). 

Active Slave 
(includes sniff. 
hold modes) 

Parked Slave 

•••• • • • ••• •• • • ••• •• • • 
• • • • • • • • •• • • 

•• • • • •• . . . . •• • • •• • • • • • • •• •• • . · .. .. · AS 1 · .. •• •• • • ~· · .. A . ··.~ 
/ .: PS1 ·· .. • • • • . - . • ,,,, "Y • . , . . , . . , . . , . . , . . , . . , . . ,,,,,. , .. . , . . , . . , . . , . . , . . , . 

• ,A.. ,,,,,. • . ... . . ... . • • • • 

' AS2 l l Master 'l---------~ ; 
• • • • 

• ~-- : - . -- . . - . . - . . -- . . - . . - . . - . . -.... . . - . -- : . - . . -- . . - . ··.. - • PS2 .... 
• • • • • • • • • • 

' AS3 / •• •• • • • • 

········.... AS4 ....... ····· 
••• •• •• •• •• •• •• •• •• • ••• •• • • • ••• • •• •••• • ••• •••••••••••••• •• 

Device in Standby State-
Nol part of piconel 

S82 

Figure 2.3 

SB1 

Gen~ral Bl~et?oth piconet including active and parked slaves. Standby devices which 
are 1n prox1m1ty but are not part of the piconet are also illustrated. 
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As desc1;bed and illustrated above, a device may be an active or 
parked participant in a piconet or it may not be part of any piconet. In 
additio11, it is possible for a device to take part in more than one pico-
net. When two or more piconets at least partially overlap in time and 
space a scatternet is forn1ed. All of the same principles of piconets also 
apply for scatternets; each piconet has a single master and a set of slaves 
which ma y be active or parked. Each piconet has its own hopping pat-
tern determined by its master. A slave could participate in multiple 
piconet s by in turn establishing connections with and synchronizing to 
different mast ers in proximity. In fact, a single device might act as a 
slave in 011e piconet but assume the master role in another piconet. The 
scatternet topology provides a flexible method by which devices could 
maintain multiple connections. This could be especially useful for 
mobile device s whicl1 frequently move into and out of proximity to 
other devices. Figure 2.4 shows one example of a scatternet using the 
same repr esentations as in Figure 2.3; other examples of scattemets are 
pos sible. In this example slave A2/B3 is a member of both piconet A 
and piconet B as an active slave. 

Piconet A Pico net 8 
• • • • • • • • • •• • ••••••••• . . . . . . . . . . . . . . . . . . . . . . . . .. 

• • • • • • • • • • • • • • • •• . . . . . . . . . . .... . . . . . . . . . .. ... . . . . . . .. . • • • • • • • • • • • • • • • • • • • •• 
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Figure 2.4 
Scatternet example. Slave A2/83 participates as an active slave in both piconet A and 
piconet B. 
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Bluetoot Usage 
0 es 

W hile much of the focus of Bluetooth wireless communication is on 
the specification of the technology - which is explored in depth in Part 2 
of this book-the specification is actually rooted in a set of usage models 
(sometimes also called usage scenarios or usage cases). Long before 
there was a specification, the official Bluetooth web site included descrip-
tions of several of these usage models that the technology makes possi-
ble. The specification itself was p1·eceded by a marketing requirements 
document (inte1nal to the SIG); included in those marketing require-
ments were usage scenarios tl1at we1·e an integral part of the objectives 
that the initial specification was to address. These scena1ios were not 
intended to cove1· all possible functions achievable with the technology 
but ·rathe1· to set tl1e initial focus for the version 1.0 specification. 

Bluetooth usage models are formally specified in profiles, which are 
examined in Part 3. This chapter focuses on describing the usage mod-
els in a general fashion, emphasizing an end user's view of the scenarios 
and the benefits that Bluetooth wireless comn1unication offers in those 
scenarios. Not all of the t1sag·e cases described in this chapter have a cor-
responding profile , although all of the scenarios have at one time or 
another been discussed, presented or published by the SIG, and they 
are rep1·esentative of those usage cases that drove the development of 
the specification. If a usage model described he1·e has no corresponding 
p1·ofile, it simply means that the SIG has not formally specified that sce-
nario with version 1.0 of the specification. In many instances such usage 
scenarios could be realized with Bluetooth technology as defined in the 
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' 

current specification , but the SIG has not (yet) fo1malized an in teroper-
able definition for doing so. 

The usage models described her e are ju st an initial set of scenarios 
that could be accomplished with Blt1etooth wireless communi cation. 1 

Ne,.v applications of the technology will undoubtedl y continue to be 
invented, and it is expected that new scenarios and new pr ofiles will 
emerge from the SIG ove1· time (Part 4 discusses some futur e po ssibilities). 

The Cordless Computer 
At its heart, Bluetooth wireless communication is all about repla cing 
cab les. One place where many cables exist, and where the se cab les are 
sometimes unwieldy , is the typical desktop computer. Th e co rdle ss com-
puter usage model is not specifically addre ssed in version 1.0 of the spec-
ification, but it is expected that this scenario could be reali zed in a 
straightforward manner in the future. As depicted in Figure 3.1, man y of 
the cables associated with computer peripheral s could be replaced by 
wireless links. Keyboards , mice, joysticks, speakers, print ers, scanners 
and the like might all employ Bluetooth wireless communications. While 
not shown in the figure, other computer-re lated wires such as personal 
digital assistant cradles, digital camera cables and network connection 
cables could also be replaced by wireless connections ( these three exam -
ples are discussed below in ''The Automatic Synchronizer," ''The Instant 
Postcard'' and ''The Internet Bridge'' usage models , respectively ). 

l. Some scenarios could also be accomplished with other technologies, and the usage models are 
not necessarily unique to Bluetooth wireless communication . 
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Figure 3.1 
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The Bluetooth cordless computer usage model. 
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In addition to the directly evident benefits of not having to deal 
with cables during installation and operation of the computer·, wireless 
devices offer more freedom in placement and use. Speakers, printers 
and scanners, for example, could be placed in the most appropriate 
location ·for the environment, unrestricted by connectors and cable 
length. User inter·face devices such as keyboards, mice and joysticks 
could be used wherever it is convenient to do so a.nd could move with 
the user rather than being fixed i.I1 a certain location wher·e they would 
be constrained by a cable. 

Device sharing is much easier in this configu1·ation than in a cabled 
environment. A joystick, for example, need not be used exclusively with 
the computer but might also be used with a video game. Even more 
important for many people, though, is the capability to shar·e peripherals 
such as printer·s or scanners. Today shar·ing these devices often requires a 
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networked environment where the comput er· that ho sts the peripheral 
acts as a server; if other devices need to use the pe1·iph eral th ey do so via 
the hosting computer which is cabled to tl1e pe1·iph e1·al. With the cord-
less computer, othe1· devices using Bluetooth wireless communicati on 
could directly access peripherals in pee1·-to-pee1· fashion . 

The Ultimate Headset 

- -•= awiill · 

Support for voice in Bluetooth wireless communi cation foste rs this 
usage model. Telephone headse ts are increa singly comm on for use with 
both fixed and mobile telephone s. In en vironm ents such as call cent ers 
(help desks, centralized reservati ons offices, and so on ) hea dsets might 
be used with standard telephones to keep a pe1·son 's hand s free to use a 
computer. Headsets are also availabl e for use with m any mobile tele-
phones, also for hands-free operation for situation s such as dri ving or 
walking while carrying items. Bluet ooth wirele ss co mmuni ca tion 
removes the cable between the head set and the teleph one. A call could 
be placed using the telephone keypad, with the audio por tion of the call 
being car1ied through the headset ' s microphone and speak er. Figur e 3.2 
illustrates various instances of the ultimate head set usa ge model , includ -
ing the use of the headset with nont elephon y devi ces, described mor e 
fully below . 
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Figure 3 .2 
The Bluetooth ultimate headset usage model. 

The Ultimate Headset 3 3 

Fixed Voice 
Access Point 

Mobile 
Telephone 

One advantage of the ultimate headset is that it supports mobility. 
The user of the headset is not physically tied to the audio device and 
thus is free to roam about the area while keeping the connection intact. 
Another advantage is the ability to use the same headset with multiple 
devices. Because the specification offers a standard interface, the same 
headset used with a telephone might also be used with a fixed voice access 
point, such as a cordless telephone base station, and could also be used 
for audio interaction with computers. In the future it also may be possi-
ble to use such a headset with stereos, portable CD players and record-
ing devices. As with th.e cordless computer, the ultimate headset allows 
devices to be placed wherever it may be convenient, which for mobile 
devices might be in a pocket or briefcase. With appropriate speech tech-
nologies it indeed may be possible, through the use of voice recogni-
tion, to place telephone calls using only the headset as the user 
interface. 
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The Three-in-One Phone 
Today man)' people use multiple telephone s: a phon e in the office, one 
01· mo1·e telephones at home (some wi1·ed, so1ne cor dles s), a m ob ile (cel-
lular) telepl1one , public telephones, and so on. A single ph o11e using 
Bluetootl1 ,-vi1·eless communi cation cot1ld be used in place of many of 
these other teleph ones. The tl11·ee-in-one phone usage model a.llov.,s a 
mobile telephone to be used as a ce11t1lar phone in the standard man -
ner, as a cordless pl1one connecting to a voice access point (co1·dless 
phone base station), and as an intercon1 or ''wa lkie-ta lkie '' for direct 
phone-to -phone commwucations with anotl1e1· device i11 proximity. Fig-
ure 3.3 shows all three t1ses of the thre e-in-one pl1one . 
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Figure 3.3 
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The Bluetooth three-in-one phone usage model. 
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A key benefit of the three-in-one phone is that a sing le telephone 
could become the only one that a person need s. If multiple voice access 
points using Bluetooth wireless communication become available in 
environments such as the home, office and public areas, a single per -
sonal telephone that is usable almost anywhere becomes realistic. The 
need for separate telephones and separate telephone numbers in the 
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office, at home and while traveling could be reduced. Another benefit 
that derives f1·om the use of such voice access points is the possibility for 
reduced cellular airtime charges. When the handset is used as a cordless 
phone , communicating with a standard ''landline'' telephone service via 
an access point, no cellular airtime charges need be incurred. 

The direct telephone-to -telephone, or ''walkie-talkie'' function of 
the three -in-one phone usage model is most useful with the 20 dBm 
power amplified 1·adio, with its range of 100 meters. When two parties 
are within range of each other using standard Bluetooth radios ( 10 
meters ), it is likely that they could shout at each other rather than use 
telephone radio communication (aside from situations where a physical 
obstacle might separate the parties ). Because a direct phone-to -phone 
communication scenario across only a 10-meter range might have lim-
ited utility, the SIG indeed debated whether or not this walkie -talkie 
function should be included in the usage model, since the focus of the 
version 1.0 specification is on a standard O dBm Bluetooth radio (there 
was some discussion of removing this use of the telephone and calling 
this usage model the two-in-one phone). However, even with the stan-
dard radio with its 10-meter range there are situations where the direct 
phone -to-phone communication might be useful. These might include 
cases such as people communicating across different floors of a build-
ing , from witllin confined spaces or when nonintrusive communication 
is desired even when both parties might be able to see each other (for 
example, video and sound control workers in a crowded auditorium). 

The Interactive Conference (File Transfer) 
One of the most fundamental and useful applications for any type of 
data netwo1·king, including simple point -to-point links (like those of 
Bluetooth wireless communication), is to exchange files and other data 
objects. File transfer using floppy disks or cables is common; wireless 
communication 1·emoves the need for cables, making it much easier to 
form temporary links between devices to quickly exchange files and 
other data objects. For example, as infrared data ports become more 
widely used with notebook computers, mobile telephones and personal 
digital assistants, it is not uncommon for users to establish a temporary 
infrared link to exchange electronic business cards and other data. This 
same sort of file and object transfer is possible with Bluetooth wireless 
communication. In an interactive conference room scenario, business 
cards and files could be exchanged among the participants of the meet-
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- -

ing. Figur e 3.4 illustrates the Bluetoo tl1 file transfer usage case; as 
sho,.vn, not only could files be tran sferred betwee n two compu ters but 
objects also could be ti·ansfen·ed betwee n any two devices using Blue-
tooth wirele ss communi cations. Chapter 14 discusses the details of the 
various mode s and types of file and object transf e1·. 

Figure 3.4 

l 
f 
I 

The Bluetooth inte ractive conference (nle and object t ransfer) usage case. 

A primary benefit of wireless file transfer is the convenience that it 
offers. Data could be exchanged easily between two or mor e devices 
without the use of cables (which, as pointed out in the intr oduction , are 
likely to be cumbersome, proprietary and incompatible betw een two 
given devices ) and without the need to set up and configure a full-blown 
network among the devices. Files and other objects could be exchanged 
immediately in a conference room setting , rather than deferring the 
transmission of the files until after a meeting is over when a computer or 
other device can be connected to a network. 

• 
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The Internet Bridge 
There are two similar yet different methods for using Bluetooth com -
munication as a wireless ''b1idge'' 2 to established networks like the 
Internet or campus or corporate intranets . The first method is dial-up 
netwo1·king using a telep .hon e as a wireless data modem; the second is 
direct local area network (LAN ) access using a data access point. 

Dial-Up Networking 
This form of the Internet bridge is no different from the method many 
people use to access the Internet today. A conventional arrangement 
involves connecting a computer to the Internet using a telephone to dial 
an Internet service provider through a modem. What Bluetooth com-
munication adds to this scenario is the ability to accomplish this usage 
model entirely without wires. Today's usage models for dial-up net-
working typically requi1·e a cable between the computer and the tele-
phone ; even when a mobile telephone is used, a cable between the 
comput er and the mobile telephone is usually required. With a com -
puter and a telephone that both support the dial-up networking profile, 
the end-to -end connection to the Internet ( or othe1· network) could be 
wireless, as illustrated in Figure 3.5. 

2. The term bridge is used here since it is consistent ,vith the nomenclature used by the SIG. The 
function described here is similar to a traditional net,vork bridge , ,vhich is distinct from a 
router. While no Bluetooth "Internet router" usage case exists in version 1.0, such a function is 
not beyond the realm of possibility. 
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Internet 

Figure 3.5 
The internet br idge usage case 1: wireless dial-up network ing. 

Direct Network Access 
While dial-up networking is a popular way to access the Int ernet, espe -
cially from homes or other environments where telephone line s ( or in 
some cases, cable or high-speed data connections ) are th e primar y co m-
munications bridge, direct access to LAN s is common in enterprises, on 
campuses, and in other similar environments. Th e dire ctly accessed 
local area network often provides a gateway to the Internet , enabling 
the Internet to be accessed from the LAN without a dial -up connection. 

Direct network access via Bluetooth wireless communication is 
possible using data access points. A data access point allow s device s to 
connect to it wirelessly; the data access point in turn connects to the 
local area network. Once again this is not functionally different from 
the same sort of connection in a wired environment, such as a tradi-
tional Ethernet network where computers connect to network access 
points using cables. A data access point with Bluetooth wireless commu-
nication simply provides a ''wireless plug'' to connect to the network as 
illustrated in Figure 3.6. 
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The Bluetooth internet bridge usage case 2: direct local area network access through a 
data access point. 

The Internet bridg e is one case where Bluetooth wireless commu-
nication can be used to 1·eplace cables, making a common task easier 
and more con venient. Dial -up networking , ·for example, is common 
toda y with wi1·ed mod ems and telephones. Many business travele1·s 
have experienced sea1·ching a h.otel room for the telephone jack so as to 
plug in their notebook computer 's modem for dial-up networking. With 
Bluetoo th wireless communication, no cable connection is required; a 
hot el room telephone or a person's O\VIl mobile phone could be used as 
a wireless data modem. The use of a mobile telephone as a wireless data 
mod em is not uncommon today , but in most cases the mobile phone 
still 11eeds to be cabled to the notebook computer; Bluetooth wi1·eless 
communications could further improve upon this scenario by removing 
the cable between the computer · and the phone. 

Dire ct netwo1·k access using Bluetooth wireless communication 
offers advantages over the equivalent wi1·ed scenario. In addition to 
obviating the need to provide an in-building wired infrastructu1·e with 
endpoint connections at every access point, a wi1·eless data access point 
also offers the possibility for devices to share the access point. Multiple 
devices in proximity of a single data access point could access the net-
work wirelessly rather than requi1·ing each device to have a separate 
cabled connectio11 to its own access point. Moreover, data access points 
could be designed such that they could plug into existing network wir-
ing infrastructure and thus allow ''the last hop '' to be wireless , with its 
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associated conve11iences, wltile making use of and prot ec ting th e invest -
ment in the existing vvi1·ed netwo rk . 

The Speaking Laptop 

z www &4 •-.Ji' C *;41 I > ii • 

--

The speaking laptop is one of the usage model s that is not advert ised in 
version 1.0 of the specification, perl1ap s becau se it cou ld be conside red 
a straightfon.vai·d extension of tl1e he adset profil e already d es cribed. 3 

Tl1e concept behind it is that a laptop (or notebook ) co mput er's mi cro -
phone and speaker could be used as the audio input and out pu t for a 
voice call placed on a mobile telephone. As an exa mpl e, supp ose so me -
one places a call on a mobile phon e durin g a m eeting . As th e co nve rsa -
tion progresses, it become s evi dent that othe1·s in th e m ee ti11g wo uld 
benefit from taking part in the ca ll. Blu etooth vvireless co mmuni ca tion 
could be used to route the vo ice h·affic to a note bo ok com put e1· i11 th e 
conference room, allowing the computer to be used as a spea ke1·ph one. 
The call is still being carried over the mobil e phon e s wide a rea vo ice 
nehvork but the audio source a11d sink are novv at th e notebook co m -
puter. Figure 3. 7 illustrate s the speaki ng lap top sce na rio. 

0 

' 

Audio Input/Output 

Figure 3.7 
The Bluetooth speaking laptop usage model . 

3. The technical underpinnings of routing voice traffic between a telephone and another de vice 
are similar, although the speaking laptop has some distinct end-user considerations that merit 
its independent discussion here . 
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