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newly minted PhD with some industry experience

brought me to start-up networking
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MSR was intimidating (bell, thacker, lampson,, gray,…) & exciting

Turner handed me the Hamming article
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Feb. 11, 1915 – Jan. 7, 1998

Richard Wesley Hamming

“You and Your Research”

Bell Communications Research Colloquium Seminar
7 March 1986

“A characteristic of great scientist is that they have courage. They will go 
forward under incredible circumstances”
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this talk is about a systems researcher’s desire

 to be courageous 

 to have positive impact &

 to help others by sharing some lessons learned

pardon me for dropping a bit of modesty

it’s necessary for some points I want to make 
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research at scale

enterprise Wireless 



state of wireless in 1997

 IEEE 802.11 had not been standardized

 very few companies sold wireless APs 

 dominant WNIC was WaveLAN and Orinoco

Cost $297. 50 

NCR WaveLAN
Lucent’s Orinoco Digital’s RoamAbout



state of wireless in 1997

 IEEE 802.11 had not been standardized

 very few companies sold wireless APs 

 dominant WNIC was WaveLAN and Orinoco

Cost $297. 50 

state of wireless community

 we had just formed SIGMOBILE 

NCR WaveLAN
Lucent’s Orinoco Digital’s RoamAbout
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new guy in town…..wanted to make an 

impression…what to do?

bold idea: turn bldg. 31 (MSR’s home) into a giant .11 

lab and pursue research at scale

how? where to get resources from?

for me that individual was Dan Ling

find a forward looking individual in an influential position and 
convince him/her to support you

Dan Ling 
Managing Director, MSR



settled on Aironet Wireless Inc.

the ability to program wireless NIC was critical for 

my research

Windows didn’t understand wireless LANs



NDIS programming model was inadequate
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if you want people to spend their currency (time) on your ideas, 
show them the money 

NDIS programming model was inadequate



idea: implement a location determination system
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had worked seven years in image processing 
idea: apply pattern recognition techniques to wireless LAN 
worked with a great new-hire (Venkat) & Radar was born…..

1998 – 99
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had worked seven years in image processing 
idea: apply pattern recognition techniques to wireless LAN 
worked with a great new-hire (Venkat) & Radar was born…..

1998 – 99

some of the best work gets done when you apply techniques from 
one field to another

RADAR Animation and Performance v1_1.htm
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lessons from RADAR

 research success does not always translate to 

commercial success 

 for commercial success, be hard on yourself, have a 

convincing value proposition

– didn’t have it so didn’t do additional research on this topic

 persevere market conditions may not be optimum 

for your technology 

 market will adopt (intellectually) simpler solutions



Radar then and now

MobiCom 1999 14 years later, MobiCom  2013



….back to NDIS extensions

success!



…about the bldg. 31 lab



…about the bldg. 31 lab



more success … building-wide deployment 

led to campus-wide deployment

Microsoft plans to "unwire" all 45 buildings on its campus within a year,
linking the company's 16,000 workers wirelessly to the software giant's
computer system. The announcement, to be made Wednesday by CEO Bill
Gates, is aimed at spurring other companies to take steps to use
technology to free what Gates calls "knowledge workers" to spend more
time thinking and less time fumbling with wires.

Aug. 1999



more success … building-wide deployment 

led to campus-wide deployment

Microsoft plans to "unwire" all 45 buildings on its campus within a year,
linking the company's 16,000 workers wirelessly to the software giant's
computer system. The announcement, to be made Wednesday by CEO Bill
Gates, is aimed at spurring other companies to take steps to use
technology to free what Gates calls "knowledge workers" to spend more
time thinking and less time fumbling with wires.

it is difficult to predict what your small project will lead to, so go 
with your instincts

Aug. 1999
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what works in the enterprise

enterprise wireless public wireless



time of 3G networks…expected everywhere

telecoms feared public WLANs will eat into their existing business



time of 3G networks…expected everywhere

telecoms feared public WLANs will eat into their existing business

think independently, media often gets swayed by marketing 



the world’s first free public area 

Wi-Fi hotspot with location services

http://choice

1999 - 2001

//brutus/C$/Bahl/MS/Bahl/DOCUME~1/ChoiceDemo/The CHOICE network - Beta 3.htm


Lots of innovations

 (dumb AP) smart wireless switch arch.
 global authentication
 IP address management 
 packet level accounting
 policy based differentiated services
 mobility between networks

 secure for both users and network operators
 improved battery/device lifetime
 location-aware services
 local content provider
 Hardware & OS agnostic



…and then made the case



…and then made the case



major uptake

 100,000+ hotspots in the US alone

 telecos embraced hotspots for offloading traffic

 we expect them everywhere



 product groups too busy to see the opportunity

 embraced fat AP architecture (IEEE 802.1X)

 dejected….decided to move on 

me…not so successful



 product groups too busy to see the opportunity

 embraced fat AP architecture (IEEE 802.1X)

 dejected….decided to move on 

if you believe in it…persevere

me…not so successful



seven years later…



2002 - interviewed a charming young PhD 

candidate from Cornell

– loved him….took him on

– worked on MultiNet with my brother & I

– built the real thing

– ignored by business groups

– persevered & “shipped” it to the world

2009 – victory! PGs shipped MultiNet as VirtualWiFi in 
Windows (the world’s first wireless virtualization product)

ranveer

….one more thing about enterprise wireless
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2002 - interviewed a charming young PhD 

candidate from Cornell

– loved him….took him on

– worked on MultiNet with my brother & I

– built the real thing

– ignored by business groups

– persevered & “shipped” it to the world

2009 – victory! PGs shipped MultiNet as VirtualWiFi in 
Windows (the world’s first wireless virtualization product)

ranveer

lessons applied: (1) build the real thing (2) 
show them the money (3) persevere 

….one more thing about enterprise wireless

applying the lessons
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the last mile problem

enterprise wireless public wireless last-mile wireless



&

it started with a chinese dinner

Craig Mundie



&

it started with a chinese dinner

-----Original Message-----

From: Pierre De Vries  
Sent: Tuesday, March 26, 2002 2:33 PM
To: Alexis Chandler; Victor Bahl
Subject: craigmu/bahl/pierredv meeting

Victor, Craig would like to get your input on what would be a feasible MAC proposal 
for an ad hoc multi-hop network. 

Perhaps the three of us can meet at the Chinese Restaurant in Redmond?  Craig wants 
to meet with you before the big meeting at the end of April, so I think that means 
tomorrow night… 

Craig Mundie



over dinner, I learned about

o lack of broadband internet access in rural areas

o the cable & DSL duopoly

o network neutrality

o why our field needs lobbyist in Washington DC



over dinner, I learned about

o lack of broadband internet access in rural areas

o the cable & DSL duopoly

o network neutrality

o why our field needs lobbyist in Washington DC

problem: how to get cable & DSL to speed up the 

spread of broadband Internet access?

constraint: don’t break the bank



VSAT for kiosk in Kodia, Madhya Pradesh corDECT wireless tower

Thirst for Connection...…

“All over the developing world, as antennas and satellite dishes 
sprout across the landscape - we can see the immense thirst 
for connection. Let us show that we are listening.”

Secretary General Kofi Annan (Dec 9, 2003)

“The power of ideas and opportunities, fueled by local 
entrepreneurial energy, is the  most important resource 
available in the resource-scarce part of our world.”

Richard Newton, Dean UC Berkeley (Jul. 2005)  



Organic – Participants own the equipment and the network

idea: mesh networking
2002 - 05



20 years of research on multi-hop ad hoc networks, 

this should be an easy engineering job, right?…….



20 years of research on multi-hop ad hoc networks, 

this should be an easy engineering job, right?…….

……….wrong!



many, many unicast multi-hop routing 

protocols



many, many unicast multi-hop routing 

protocols

which one to use? 
different performance for different setting



 didn’t get a good sense of what works … had to 

take care of it ourselves

 lost some faith in the academic networking 

research community

 MobiCom was becoming too academic 

– needed a home for systems researchers  

founded MobiSys



 didn’t get a good sense of what works … had to 

take care of it ourselves

 lost some faith in the academic networking 

research community

 MobiCom was becoming too academic 

– needed a home for systems researchers  

as systems researchers it is our responsibility to 
take our ideas to the point of irrefutability

founded MobiSys
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for us project was successful…

 published software

 organized summits & workshops

 invigorated the academic community, 100s of papers published



Over 1200 schools world-wide used our kits

for us project was successful…

 published software

 organized summits & workshops

 invigorated the academic community, 100s of papers published

 VC $$ flowed into startups



Over 1200 schools world-wide used our kits

for us project was successful…

 published software

 organized summits & workshops

 invigorated the academic community, 100s of papers published

we lighted a fire under the duopoly

 VC $$ flowed into startups

technically: introduced multi-radio wireless networks to the community



 VC’s got it wrong

 saw quick money, jumped on the bandwagon

 spent lots of $$ on hearsay

… but not so successful for others



 VC’s got it wrong

 saw quick money, jumped on the bandwagon

 spent lots of $$ on hearsay

… but not so successful for others

business models based on incorrect understanding of the 
technology will lead to disaster.
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licensed versus unlicensed

enterprise wireless public wireless last-mile wireless rural wireless 



in 2003, I had got first exposure to the breadth & 

complexity of the issues involved

everyone wanted more spectrum

debate was licensed or unlicensed



in 2003, I had got first exposure to the breadth & 

complexity of the issues involved

everyone wanted more spectrum

debate was licensed or unlicensed

I learned about:

29 Dec. 1910 – 2 Sept. 2013

Ronald Harry Coase

noble laureate & "father" of reform in spectrum allocation policies



Lawrence Lessig Thomas Hazlett David Farber Judge Alex Kozinski Gerald R. Faulhaber Stuart Benjamin Tom Freeburg
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Lawrence Lessig Thomas Hazlett David Farber Judge Alex Kozinski Gerald R. Faulhaber Stuart Benjamin Tom Freeburg



… at stake were TV white spaces

in 1996, US Congress had set June 12, 2009 as the 

deadline for full power television stations to stop 

broadcasting analog signal

the idea of dynamic spectrum access was in the air 

but someone needed to step up and prove that the 

DSA concept works



the first urban white space network in the world

White Space Network Setup in Bldg. 99

Data packets over UHF

Oct. 16, 2009

WS Antenna on Bldg 42

Shuttle Setup
WS Antenna on MS Shuttle

3-13-2

4-1
6-1
5-3

5-25-1
1-2

1-1
6-2

4-2

Campus-Wide  Deployment



Chairman Genachowski and FCC Managing 
Director Steven VanRoekel Climb aboard the 
MS Shuttle to look at our WhiteFi Network

Chairman Genachowski & Microsoft’s CTO Craig 
Mundie, August 14, 2010

Aug 14, 2010
success!



world-wide influence on spectrum policy

Standards

Federal Communications Commission
April 28, 2010

India
October 22, 2009

Fisher Communications Inc.
January 14, 2010

US Research Funding
November 9 2009

Brazil
Feb. 2, 2010

China
January 11, 2010

Office of Communications (UK)
June 10, 2010 

Singapore
Apr. 8, 2010

http://en.wikipedia.org/wiki/File:Komotv.svg
http://en.wikipedia.org/wiki/File:Komotv.svg
http://images.google.com/imgres?imgurl=http://www.businesspundit.com/wp-content/uploads/2009/09/zzFCC.png&imgrefurl=http://www.businesspundit.com/fcc-proposes-new-net-neutrality-rules/&usg=__HtI8ndPFT389a_CDudMnvxK0pO4=&h=600&w=600&sz=214&hl=en&start=2&um=1&itbs=1&tbnid=3rZgfw96hGw03M:&tbnh=135&tbnw=135&prev=/images?q=FCC&hl=en&sa=N&um=1
http://images.google.com/imgres?imgurl=http://www.businesspundit.com/wp-content/uploads/2009/09/zzFCC.png&imgrefurl=http://www.businesspundit.com/fcc-proposes-new-net-neutrality-rules/&usg=__HtI8ndPFT389a_CDudMnvxK0pO4=&h=600&w=600&sz=214&hl=en&start=2&um=1&itbs=1&tbnid=3rZgfw96hGw03M:&tbnh=135&tbnw=135&prev=/images?q=FCC&hl=en&sa=N&um=1


 Rohan Narayan Murty, Opportunistic Wireless 

Network Architectures, Harvard University (June 

2011)

 Yuan Yuan, Enabling Dynamic Spectrum 

Allocation in Cognitive Radio Networks, 

University of Maryland College Park (Sept. 2007)

PhD Thesis
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Wireless USB
UWB

Bluetooth (IEEE 802.15.1)

Zigbee (IEEE 802.15.4)

Wi-Fi

IEEE 802.11af, IEEE 802.22, ECMA  TC48-TG1

connectivity options over unlicensed frequencies

what we accomplished 
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Research &
Engineering

Regulation 
& Policy

SocietyBusiness 
& Products

lessons learnt

research is only one part of the story, understand what it takes, get 
involved, and make it happen



impact!

The Mawingu Project
(in Kenya)
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looking ahead
in progress …

I can’t see that far but as far as I can see there are lots of problems to solve



PCAST report [July 2012]

“Traditional practice of clearing and reallocating portions of 

the spectrum used by Federal agencies is not a sustainable 

model for spectrum policy” 

“The norm for spectrum use should be sharing, not 

exclusivity”.  

If we get this done then “[we] could multiply the effective 

capacity of the spectrum by a factor of 1,000.” 



few projects I continue to work on: 

- a campus-wide DSA network 

- platform to encourage DSA research in academia 

- data to change spectrum regulations world-wide

- DSA in all licensed bands



project Istanbul: a campus-wide wsn

joint effort between MSR 
Redmond and MSR Asia



spectrum crisis - can it be managed?



Courtesy: Lixin Shi
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Redmond, Aug 01, 8am-9am

early (inconclusive) results



let’s find out if it’s being used



call to action: let’s scale it up

replace speculation with hard data

consider this as a national service



once we show spectrum is not being used, we can 

build DSA systems in the infrequently used 

frequency band and eliminate the spectrum crisis 

problem forever
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parting thoughts

 question the assumptions

 pursue your research to the point of irrefutability

 publish only when you are done

 persevere

 don’t be afraid of failing

……and go change the world for the better



Mohandas K. Gandhi 
(2 October 1869)

“One needs to be slow to form convictions, but once formed they must be 
defended against the heaviest odds.” 



Thanks


