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First, some thank yous
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The material in this presentation 

is drawn from my book

 

Beyond Everywhere
How Wi-Fi Became the World’s 

Most Beloved Technology

By Greg Ennis

               from

  

available at 

//amzn.to/3XZYQXS

and at   

//bit.ly/3sELmoZ

 

www.gregennis.net

https://amzn.to/3XZYQXS
https://bit.ly/3sELmoZ


Someone needed to 
write this book – why 
me?

 I was privileged to have a front row seat at the 
center of the Wi-Fi industry for over 25 years

 Author of 1993 “DFWMAC” technical proposal 
(along with two co-authors) that was adopted 
by IEEE 802.11 as the foundation for the standard

 Chief Technical Editor of original 1997 802.11 
standard

 Along with a handful of colleagues founded Wi-
Fi Alliance in 1999

 Served in that organization’s lead technical 
position for sixteen years

 Retired in 2016 as Vice President, Technology for 
the Wi-Fi Alliance
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Over 18 billion Wi-Fi devices in operation         

worldwide

 4 billion additional devices sold each year

 Supports over half of all internet traffic





French greeting card

“Which do you prefer?
Having gold or wifi?”



In every environment

In every country

In every type of device

Wi-Fi is not just a wireless LAN

It’s the wireless LAN

There’s a universality to Wi-Fi 



So the Wi-Fi story is not just about a 

technology

It’s a story about how a technology 

became a universal language

It’s a story about people and their 

organizations



It’s a story about people and their 

organizations

 Regulatory agencies

 Individual companies

 Standards organizations

 Ad hoc alliances of companies

 Trade associations



PAST
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The invention 

of Wi-Fi?







According to the US 

Government’s 

National Archives, 

Hedy Lamarr was the 
inventor







Spread Spectrum: 

Frequency Hopping

 Frequency Hopping is a spread spectrum technique

 By hopping around a predetermined sequence of frequency 

channels the signal is spread over a wider frequency range



Commanding 

frequency hops 

via a player 

piano roll



Spread Spectrum: Direct Sequence

 The other major spread spectrum technique is known as Direct 
Sequence

 Direct sequence encodes each data bit into a codeword consisting 

of multiple “chips”



Direct Sequence Example



Wi-Fi originated as a Direct Sequence 

technology, not Frequency Hopping



No, Hedy Lamarr did not 

invent Wi-Fi

 Frequency hopping was incorporated as an optional transmission 

technique in the original IEEE 802.11 standard

 But in 1999 it was the direct sequence version of spread spectrum, 

not frequency hopping, that got incorporated into Wi-Fi

 The necessity of supporting frequency hopping did influence the 

design of the 802.11 MAC protocol





FCC 1985 

Report and 

Order



Elements of the 1985 ruling

 Allowed devices to transmit without a license in certain 
frequency bands

 2.4 and 5 GHz

 Low power levels

 Must use one of two spread spectrum transmission 
techniques

 Frequency hopping

 Direct sequence



First FCC approval

Telesystems SLW “ARLAN”

$1500

Telesystems later bought by 

Telxon 



Another Wireless LAN pioneer



Most famous for this invention …



Most famous for this invention …

the “O’Neill Cylinder”



Princeton physicist 

Gerard O’Neill wrote 

a popular book in 

1976



Gerard O’Neill started 

“O’Neill Communications” in 

the late 80s, with a product 

called “LAWN” (Local Area 

Wireless Network)



By the early 1990s various products were FCC 

approved and on the market



Mergers and 
acquisitions make it 

tricky to follow the 

story



Two specific 

acquisitions are 

particularly 

noteworthy



By the early 1990s various products were FCC 

approved and on the market

Note that Symbol, NCR, and Telxon were all very 

focused on a specific application



Handheld barcode 

scanners were the 

center of attention 

for the wireless LANs 

of the early 1990s

Symbol, NCR, and 

Telxon were all 

major players in this 

market



Vertical versus Horizontal Markets

 By 2000, the WLAN industry was focused on the horizontal market of 
general purpose computers 

 But the industry focus in early 1990s was on wireless LANs tailored to 
a specific application: vertical markets

 This was before the internet was pervasive

 Before DSL

 Example vertical market: wireless barcode scanners (Symbol, 
Telxon, NCR, …)

 Another example: wireless financial trading terminals



Chicago Board of Trade

Major commodity 

trading floor – 

soybeans, pork bellies, 

cotton, but also 

financial securities 



CBOT Trading Floor

1989: hand-signals and lots of shouting



Let’s focus 

on this guy …



Dietrich Volk, alias Peter Vogel



Undercover FBI Agent



New York Times, January 30, 1989





Operation Sourmash

 FBI Sting Operation in 1989 targeting corrupt commodity traders at 

the Chicago Board of Trade and the Chicago Mercantile Exchange

 Resulted in indictments, convictions, financial penalties
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Operation Sourmash

 FBI Sting Operation in 1989 targeting corrupt commodity traders at 

the Chicago Board of Trade and the Chicago Mercantile Exchange

 Resulted in indictments, convictions, financial penalties

 But the most important long term impact: 

This CBOT wireless system was a major progenitor of 

Wi-Fi and involved several of the primary players in 

the subsequent development of the protocol



Concurrently with CBOT network, 

NCR was doing some development

 Like Symbol and Telxon, NCR focused on retail/barcode/warehouse 

 But not exclusively

 Development team in Netherlands created “WaveLAN” 

 Direct sequence, 2 megabits per second

 NCR was instrumental in the creation of IEEE’s 802.11 Working Group 

 NCR’s Vic Hayes served as the chair from 1990 to 2000



IEEE 802.11 

Working Group
 Formed in early 1990s to develop a 

wireless LAN standard

 Single Medium Access Control (MAC) 
protocol over multiple Physical Layer 
(PHY) protocols

 Two spread-spectrum radio PHYs 
(frequency hopping and direct 
sequence) and one infrared

 Major initial goal: determination of the 
MAC foundation protocol



Centralized MAC versus Distributed

Is there a central controller which assigns transmit 
opportunities to stations?

Or do stations decide among themselves, in a 
distributed fashion, who gets to transmit when



Centralized MAC versus Distributed

Centralized proponents: IBM, National 
Semiconductor, Spectrix

Distributed proponents: Symbol, NCR, Xircom



A joint proposal was 

developed by Symbol, 
NCR, and Xircom called 

“DFWMAC”



DFWMAC – Adopted as foundation for 

802.11 on November 11, 1993

 Distributed Foundation Wireless MAC

 Joint proposal from Symbol Technologies, NCR, and 
Xircom

 Key elements:

 Carrier Sense Multiple Access with Collision Avoidance

 with acknowledgment plus optional RTS/CTS

 Time synchronization via periodic beacons

 Power conservation mechanisms

 Scanning for AP – passive and active (via probes)

 Management exchanges for establishing connection



CSMA/CA



2 megabit direct sequence via 

Barker code



Original (1997) 

802.11 Standard

 MAC based on DFWMAC

 Three PHY layers

 2 megabit/sec Direct 
Sequence data rate

 Speed increase was 
seen as necessary to 
compete with 
Ethernet



1998: Competition for “Wireless 

Ethernet” -- Task Group b

 Holy grail was to achieve 10 megabits, while still being approvable 

by FCC

 IEEE 802.11 TGb proposals: Micrilor, Harris, Lucent

 Harris and Lucent were backwards compatible with 2 megabit 

standard – Micrilor was not



Founded 1979 by Bob Metcalfe and others

Focused, not surprisingly, on Ethernet 

What’s not so well known is their role in the 

Wi-Fi story



Bob Metcalfe was not a fan of wireless LANs





“This isn’t to say there won’t be any wireless computing.
Wireless mobile computers will eventually be
as common as today’s pipeless mobile bathrooms.
Porta-potties are found on planes and boats, on
construction sites, at rock concerts, and other
places where it is very inconvenient to run pipes.
But bathrooms are still predominantly plumbed.
For more or less the same reasons, computers will
stay wired”.

 Bob Metcalfe, August 16, 1993





1998: 
3Com’s 
Wireless LAN 
Initiative

But by 1998, Metcalfe was not involved 

in 3Com’s management, and 3Com 

plays a major role in the Wi-Fi story



1998: 
3Com’s 
Wireless LAN 
Initiative

Symbol Technologies to 

develop a family of 

high-speed wireless LAN 

products …



1998: 
3Com’s 
Wireless LAN 
Initiative

using source technology 

incorporated in a chip 

from Harris …



1998: 
3Com’s 
Wireless LAN 
Initiative

to be marketed under 

the 3Com brand and 

sold through 3Com’s 

distribution.



“Trilogy”



This was the 
beginning of 
what was to 
become the 
Wi-Fi Alliance



Competition for “Wireless Ethernet”:

Task Group b

 Holy grail was to achieve 10 megabits, while still being approvable 

by FCC

 IEEE 802.11 TGb proposals: Micrilor, Harris, Lucent

 Harris and Lucent were backwards compatible with 2 megabit 

standard – Micrilor was not



But a parliamentary procedure 

objection during the IEEE deliberations 

was to have an impact on the story. 



Competition for “Wireless Ethernet”:

Task Group b

 Micrilor was on the cusp of winning when an accusation 

of voting irregularities was brought forward

 Process was restarted – Harris and Lucent subsequently 

developed a merged proposal called “Complementary 

Code Keying” 

 11 megabits/sec direct sequence



On July 9, 1998, the 

Harris/Lucent CCK proposal 

was adopted.

The combination of the 

DFWMAC-based foundation 

plus CCK yielded a full 

blueprint for Wi-Fi



At this same time, an 

organization was formed 

promoting an alternative 

wireless LAN approach. 



Wireless LAN consortium founded 

in 1998, focused on home market

Proxim, Intel, Siemens, Motorola, 

IBM, Microsoft, …

1.6 megabit/sec frequency 

hopping

Competitive with IEEE 802.11



In late 1998 and early 1999, the Trilogy team 
tried and failed to convince HomeRF to adopt 
802.11b as the multimedia enhancement to 
HomeRF



This led to the decision to form a consortium 

similar to HomeRF but focused on 802.11b
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This led to the decision to form a consortium 

similar to HomeRF but focused on 802.11b

Symbol, Harris, and 3Com invited Lucent, 

Aironet, and Nokia to join with the Trilogy 

team to form WECA

Wireless Ethernet Compatibility Alliance

 



This slide is from the 

very first analyst 

briefing by WECA



Interbrand was hired to come up 

with a name and logo to replace 

“IEEE 802.11b High Rate Wireless 

LAN”

Possibilities that they offered 

included TorchLight, Trapeze, and 

DragonFly



Something like this 

might have become 

the new brand 

identity for 802.11b



Once the name Wi-Fi was picked, 

Interbrand proposed various graphic logos



Wi-Fi was launched on September 15, 1999 at the 

Networld/Interop trade show in Atlanta

At an event for invited press and analysts, the Wi-Fi 

name and logo were unveiled, and plans revealed for 

the Wi-Fi interoperability certification program

The now-familiar 

“yin-yang” Wi-Fi logo 

was chosen



WECA would 

subsequently rename 

itself the Wi-Fi 

Alliance



Interoperability Certification

Figure taken from an early Wi-Fi Alliance Certification Test Plan

Device under test (either 

station or AP) would be 

tested for interoperability 

against multiple vendors



Over 60,000 products 

have now achieved 

Wi-Fi certification



HomeRF attempted to get the 

FCC to approve a higher speed 

version of Frequency Hopping 

(“Wideband FH”) to compete with 

802.11b

This approval did not arrive in time 

to stem the growing popularity of 

802.11b



HomeRF proponents abandoned 
the organization, moved over to 

join the Wi-Fi Alliance, and 

HomeRF was dissolved



Wi-Fi Alliance 

today has over 

800 Member 

Companies

Wi-Fi Alliance 

Sponsor 

Companies

2023



Video screen snapshot of Steve Jobs 

demonstrating wireless connectivity

July 21, 1999



Significance of Apple/Lucent deal

 Choice of IEEE 802.11 rather than HomeRF or Proxim

 $99 price point was a major step, and would have to be matched by 
competitors

 The “Airport” branding – not calling it Wi-Fi – was potentially an 
impediment to the successful launch of the Wi-Fi name

 Would Apple tweak this into an Apple-specific version of 802.11?

 The answer came back just seven weeks later: Apple joined WECA, with 
a commitment to Wi-Fi certify their products



April 17, 2000 – First Wi-Fi Certs

Press Release: 

“The Wireless Ethernet Compatibility Alliance (WECA) announced 
today that it has awarded the first Wi-Fi certifications for wireless LAN 
product interoperability”.

Testbed incorporated products from Symbol, Lucent, Aironet, and 
3Com



April 17, 2000 – First Wi-Fi Certs

Sixteen products from eight different manufacturers, nine 
PC cards, seven access points, all interoperable.



Early example of a Wi-Fi certified 
laptop adapter card



Crisis



January 29, 2001



Title slide from presentation announcing 

the breaking of Wi-Fi’s original 

encryption scheme



WEP

 “Wired Equivalent Privacy” was the name for the original 1997 

encryption scheme in the 802.11 specification

 The cryptic naming (forgive the pun) stemmed from its goal: to 

provide the same level of privacy protection as Ethernet

 Note that Ethernet had no encryption – its privacy protection 

depended on the fact that it was wired and hence hard to tap into



The intent of WEP was to 
provide the same level of 
privacy protection as a 
wired LAN



Cracked! 

Borisov, Goldberg, and Wagner had demonstrated that WEP was 

susceptible to attacks (man-in-the-middle and others)

Presented at “The Second Millennium Mac Crypto-Conference on 

Macintosh Cryptography and Internet Commerce” in January 2001.

IEEE 802.11 was working on an enhancement: not ready for over a year



Cracked! 

This ended up having a more 

significant impact on the future of 

Wi-Fi than you might think



IEEE 802.11 and Wi-Fi Alliance decided to collaborate on the solution

Portions of 802.11’s WEP enhancement were designated, and the Wi-Fi Alliance 

developed a certification program called “Wi-Fi Protected Access”

+



The WPA certification program was launched before 

the ratification of the IEEE standard

+



This was the prototype of a working relationship 

between the two organizations that has resulted 

in 18 billion devices around the globe

+



IoT

China

Phones

TVs

Some topics not addressed today

Internet of Things

China’s attempt to replace Wi-Fi with a 

national technology

Drama of putting Wi-Fi into cellphones

Why Netflix is an entertainment behemoth 

today (hint: Wi-Fi Smart TVs)

These topics (and others) are all in the book



PAST

PRESENT

FUTURE



Wi-Fi Generations



Wi-Fi Generations

Point Number One:

Don’t trust Wikipedia
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Wi-Fi Generations
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Increasing Speeds



Wi-Fi Generations

Point Number Two:

Increasing Speeds

Increasing Capacity



Wi-Fi Generations

Point Number Three:

Increasing Bandwidth



Wi-Fi Generations

Point Number Three:

Increasing Bandwidth

Increasing Capacity



New generations of Wi-Fi are 

being used to support massive, 

dense environments



Increasing Availability of 6GHz



6GHz band will also be 

available here



Wi-Fi Generations

Point Number Four:

Backwards 

Interoperability



Already working on Wi-Fi 8

 IEEE 802.11bn

10 gigabits



Metcalfe’s Law

 

The value of a network is 

proportional to the square of 

the number of 

interconnected devices



18 Billion Squared

324,000,000,000,000,000,000



18 Billion Squared

324,000,000,000,000,000,000

Product developers will continue to 

see Wi-Fi as the most attractive 

connectivity option



Thank You!



The material in this presentation 

is drawn from my book
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