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Open Spectrum
THE NEwW WIRELESS PARADIGM

By Kevin Werbach
Almost everything you think you know about spectrum iswrong.

For nearly a century, radio frequency spectrum has been treated as a scarce resource that
the government must parcd out through exclusve licenses. Spectrum licensang brought us
radio, televison, cdlular telephones and vitd public safety services. Along the way, the
licensng modd became an unquestioned paradigm, pervading our views. We smply can't
imagine doing anything dse.

The assumptions underlying the dominant paradigm for spectrum management no longer
hold. Today's digitd technologies are smat enough to diginguish between dgnds,
dlowing usas to shae the arwaves without exclusve licensng. Indead of tregting
spectrum as a scarce physica resource, we could make it available to al as a commons, an
approach known as “open spectrum.” Open spectrum would dlow for more efficient and
cregtive use of the precious resource of the airwaves. It could enable innovative services,
reduce prices, foster competition, creste new busness opportunities and bring our
communications policies in line with our democratic ideds.
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Despite its radicad implications, open spectrum can coexig with traditiond exclusive
licendng. There are two mechanisms to facilitate spectrum sharing: unlicensed parks and
underlay. The fird involves familiar alocated frequency bands, but with no user given the
exclusve right to tranamit. Very limited sets of frequencies have dready been designated
for unlicensed consumer devices, such as cordless phones and wirdess locad area networks,
but more is needed. The second approach alows unlicensed users to coexist in licensed
bands by meking ther dgnds invisble and norrintrusve to other users. Both open
spectrum gpproaches have great vaue, with the specifics depending on how technology
and markets develop. Both should be encouraged. The risks ae minimd, while the
potential benefits are extraordinary.

If the US Government wants to put in place the most pro-innovetion, pro-invesment,
deregulatory and democratic spectrum policy regime, it should do everything possble to
promote open spectrum. Specificdly, Congress and the FCC should take the following
four steps:.

Develop rules to foster more effective cooperation among unlicensed users

Set aside more spectrum for unlicensed uses

Eliminate redtrictions on non-intrusive underlay techniques across licensed bands
Promote experimentation and research in unlicensed wireless technology

’ Kevin Werbach is atechnology consultant, author, and founder of the Supernova Group. He has served as
the Editor of Release 1.0: Esther Dyson’s Monthly Report, and as Counsel for New Technology Policy at the
Federal Communications Commission.
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We can glimpse the posshiliies of open spectrum in exiging unlicensed bands. While
most frequencies are licensed exclusvey, a handful are open for anyone to transmit within
technicdl parameters such as power limits® The unlicensed bands are limited, congested,
and devoid of any interference protection. Indeed, the most widdly used, a 2.4 GHz, is 0
filled with devices such as microwave ovens, cordless telephones, and baby monitors that
it is known as the “junk band.” Yet this is the dte of the most explosve phenomenon in the
wirdessworld: WiF.

WiF (IEEE 802.11) is a protocol for unlicensed wirdless locd area networks, dlowing
high-speed data connections anywhere within a few hundred feet of an access point. WiH
deployments are growing a fantagtic rates, doubling in the last year. A market that did not
exig three years ago now generaies wel over a hillion dollars annudly, continuing to
expand despite a severe technology recesson. There are thousands of public access points
in the US, and hundreds of thousands more in homes and busnesses. Severd million
laptops are equipped with WiFi cards, and most Bptop vendors are building WiFi into their
newer models. Investment and innovation run rampant. Venture-backed startups are
soringing up to improve WiF technology and apply it to new markets, such as resdentid
broadband access.

WiF shows only a fraction of open spectrum’s potentid. If the US government took steps
to facilitate the full redization of open spectrum, it would achieve severd vitdly important
policy gods Moreover, it would do so by moving awvay from heavy-handed regulation
towards a free-maket environment in which innovation and service qudity meatter more
than government-granted privileges.

Open spectrum is nather science fiction nor wishful thinking about human nature. Its ideas
are rooted in well-established engineering techniques and maingream economics, and its
viability has been proven in mass-market implementations involving millions of users It is
time to question our long-held assumptions, and explore new policy gpproaches that could
generate tremendous benefits for the American people.

The Battle for Spectrum Policy

For dl its benefits, open spectrum represents a chalenge to traditiond ways of thinking,
which is bound to provoke oppostion. Incumbents comfortable with the status quo will
seek to presarve the inflated values of ther government-issued licenses. Licensed users
express concerns that open spectrum techniques will generate interference that harms their
businesses or important public services. Some economists who advocate turning spectrum
into private property have been unwilling to see that open spectrum is even more market-
based than the approach they favor.

These and other groups argue for actions that would hamstring open spectrum. They raise
legitimate concerns, but their worries are unfounded. Spectrum policy is full of mistaken
assumptions that have guided decison-making for too long.

Open spectrum explodes the following myths:

1) Wireless spectrum isscarce
Spectrum appears scarce only because our current regulatory regime puts draconian
limtations on its use If multiple usars were dlowed to dynamicdly share
frequency bands, and to employ cooperative techniques to improve efficiency,
spectrum could be as abundant as the air in the sky or the water in the oceans.
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2) Auctionsarethe best mechanism to put spectrum into the marketplace
It has become conventiond wisdom that auctions are the only efficient mechanisms
for spectrum assgnment, because they leverage market forces. Auctions have many
benefits, but they force service providers to my high up-front costs and grant what
amounts to a monopoly over certain frequencies. Allowing companies to compete
through innovetion while sharing the spectrum as a common resource is in many
cases a superior approach.

3) Massive capital investment is needed to exploit the spectrum

Licensed service providers such as cdlular telephone operators and televison
broadcasters must build out expensive didtribution networks before they can ddiver
sarvices to customers. Often, they must aso pay to obtain the goectrum itsdf in
auctions. These huge capita expenditures must be recovered through service fees.
In an unlicensed environment, by contrast, access to the airwaves is free and the
most dgnificant expense—the inteligent radios—are purchased directly by end-
users.

4) Thefutureof wirdessliesin third-generation (3G) systems
3G represents a useful advance in cdlular technology, but it is hardly a panacea
Spectrum and build-out costs for 3G will be enormous. Many of the wirdess data
sarvices identified with 3G could be more efficiently ddivered through short-range
and meshed unlicensed technologies, with wide-area 3G service reserved for
Stuations where those dterndtives aren't available.

5) Wirelesstechnologies are not viable solutions to the last-mile bottleneck
The lagt mile does pose specid chdlenges for wirdess systems. However, these
chdlenges may be overcome through unlicensed sysems that use long-range
communications, wideband underlay or meshed architectures. With cable and
telephone wires into the home controlled by dominant incumbents, and enormous
capital required to extend fiber to every home, open spectrum represents the best
hope for afacilities-based broadband alternative.

THINKING DIFFERENT ABOUT WIRELESS
Open Spectrum Defined

Mogt wirdess frequency bands are licensed, meaning that the government gives an entity
such as a radio broadcagter or the military the exclusve right to transmit on those
frequencies® That license comes with restrictions on geography, power output, technical
characterigics and/or service offerings. Trangmisson in the band by any other paty is
prohibited as “harmful interference” This regime is conddered necessty because the
dternative would be a “tragedy of the commons’: a chaotic cacophony in which no one
could communicate religbly.

The tragedy of the commons idea resonates with our intuitions. After al, too many sheep
grazing in the same meadow will use up dl the grass. Too many cars on a highway a the
sametime will cause treffic jams and collisons. Why should spectrum be any different?

Spectrum is different. It is different because it is inherently non-physica, and because
technologies developed in recent years make it practicd to avoid the tragedy of the
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commons. What these technologies have in common is that they dlow more than one user
to occupy3 the same range of frequencies a the same time, obviating the need for exclusve
licensng.

“Open spectrum” is an umbrella term for such approaches* As used here, open spectrum
includes established unlicensed wirdless technologies such as WiFi. It would be a mistake,
however, to conclude that the existence of WiF proves no further action is needed to
facilitate open spectrum. WiF was designed for short-range data communication and the
limitations of current spectrum rules It therefore 4ill requires wired *backhaul”
connections to the public Internet. Moreover, current unlicensed bands and technical
dandards are not optimized for efficient spectrum sharing. Enlightened policies will dlow
the emergence of open spectrum systems that are self-contained and can handle a range of
savices and environments. A true open spectrum environment would dlow the same
degree of openness, flexibility and scadability for communication that the Internet itsdlf
promotes for gpplications and content.

There are two ways to implement open spectrum technologies. The first is to designate
specific bands for unlicensed devices, with generd rules to foster coexistence among users.
This is the gpproach that dlowed WiFi to flourish in the 24 GHz and 5 GHz bands. The
second mechanism is to “underlay” unlicensad technologies in exiging bands, without
disurbing licensed uses. This gpproach, epitomized by the ultrawideband technology the
FCC authorized earlier this year, effectivdy manufactures new capacity by incressng
spectrum efficiency. Underlay can be achieved either by usng an extremely wesk sgna or
by employing agile radios able to identify and move around competing transmissions.”

Both unlicensed bands and underlay have their place. Eventudly, underlay approaches will
be more sgnificant because they can work across the entire spectrum rather than requiring
the creation of designated “parks” Someday, if underlay is successful enough, we may not
need licensed bands a dl, but that day is well in the future. The important point today is to
dlow both unlicensed bands and underlay to develop based on technological capabilities
and maket demand. Tha involves four deps removing limitations in exising rules
cregting additiond unlicensed bands, establishing rules to faclitate additiona forms of
underlay, and funding research into next-generation technologies.

By Land or By Sea

Open spectrum is actudly a smple concept. It requires no flights of fancy about the laws
of physics. It sounds strange because, as the examples above suggest, we are accustomed
to thinking of the radio spectrum as a scarce physcd entity, like land. Charts showing the
partitioning of the spectrum and auctions for geogrgphicaly defined rights to dices of the
arwaves reinforce the physicality of spectrum. We can't see or touch the radio spectrum,
0 we envigon it as something solid and familiar.

This is a mirage. There is no “agthe” over which wirdess dgnds trave; there are only the
sgnds themsdves trangmitters and recavers. What we cal “spectrum” is amply a
convenient way to describe the dectromagnetic carrying capacity for the dgnds
Moreover, the spectrum isn't nearly as congested as we imagine. Run a spectrum andyzer
across the range of usable radio frequencies and the vast mgority of what you'll hear is
slence. Even in bands licensed for popular agpplications such as cdlular tdephones and
broadcast television, most frequencies are unused most of the time in any given location.®
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This is the case because historicd spectrum dlocations assume dumb devices that have a
hard time digtinguishing among sgnalss, thus requiring wide bands with large separation.

With today’s technology, the better metaphor for wireless is not land, but oceans.” Boats
traverse the seas. There is a risk those boats will collide with one another. The oceans,
however, are huge rdative to the volume of shipping traffic, and the pilots of each boat
will maneuver to avoid any impending collison (i.e., ships “look and ligen” before setting
course). To ensure safe navigation, we have generd rules defining shipping lanes and a
combination of laws and etiquette defining how boats should behave redive to one
another. A regulatory regime that parceled out the oceans to different companies, so as to
fadlitate ssfe shipping, would be overkill.® It would sharply reduce the number of boats
that could use the seas Smultaneoudy, raising pricesin the process.

The same is true with spectrum. Allowing users to share spectrum, subject to rules that
ensure they do so efficiently, would be far more effective than turning more spectrum over
to private owners.

The Crowded Room

If the idea that many usars can coexis in the same spectrum sounds counter-intuitive,
another anadlogy should help. Wirdess communication in the radio-frequency spectrum is
fundamentally dmilar to wirdess communication in the acoudic gpectrum, otherwise
known as speech.

Imagine a group of people in a room. Experience tels us tha everyone can carry on a
conversaion with his or her neighbor smultaneoudy, even with mudc playing in the
background, so long as people speek a a normd volume. If someone darts yelling, he or
she will drown out other speakers, who will be forced to spesk louder themselves in order
to be heard. Eventualy, some portion of the room smply won't be able to communicate
over the background noise and each additional person who darts yeling will reduce the
total number of conversations.

We could cdl that a “tragedy of the commons” We could enact laws giving only some
individuds the right to spesk during defined times, ensuring they can shout as loud as they
want without interference. But tha would clearly be an unnecessary solution with
sgnificant negative consegquences.

Think back to the Stuaion where everyone is spesking in a norma tone of voice. What
dlows so many conversations to occur dmultaneoudy is that the people taking ae
modulating ther communications in an appropriate way and the people lisening are able
to diginguish one conversation from ancther. It's the inteligence a the ends of the
conversation, not the integrity of the sgnd, that dlows for more efficient communication.
The same is true in the radio frequencies. Inteligent devices can distinguish among more
smultaneous transmissons than smple ones. The more sophiticated and agile the system,
the more the overdl carrying capacity of the spectrum increases.

One might protest that the spesking andogy bresks down when people want to
communicate across the room. Here too, there is no reason many conversations can’t occur
sSmultaneoudy. By ligening carefully, people can pick out individud speskers. Moreover,
imagine that the people in the room could pass messages back and forth on pieces of paper.
By cooperating to relay the communications, they would sgnificantly increase the number
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of conversaions, especidly over long distances. Relaying and other cooperdtive techniques
can serve the same function in the wirdess world.®

As this andogy points out, the term “interference’ is problematic. Radio waves a the
relevant frequencies do not bounce off one another. They pass through each other cleanly,
like the intersecting ripples from two stones thrown into a pond.!° The overlapping signds
amply make it harder for areceiver to distinguish one from another.

“Interference’ is thus highly contingent on red-world factors. Again, this shouldn't be
surprisng. Put two televison sets next to one another and you may get a sharp picture on
one but a fuzzy image on the other. The difference is that one set has a better tuner. Do we
regiser “interference’” when it shows up on one s, or both? Should the most poorly
designed set define the requirements for everyone ese? What if there is no set in the room
but a hypotheticd set with certain characterisics might experience a degraded picture
there? Under current spectrum policy, such hypotheticd “interference’ prevents frequency
sharing.

Whatever rules we sat will influence behavior. If “interference’ is defined with reference
to a dumb receiver, vendors will try to save money and make recevers as dumb as
possble. If, on the other hand, manufacturers have no guarantee of spectrum exclusvity,
they will have the opposite incentive. They will build devices robust enough to ded with a
vaiety of dtuations, bounded by the overal technica rules for use of the spectrum band.
Those building transmitters or ddivering sarvices over the spectrum will face smilar
incentives depending on the way the rules are defined. The point is not that the most
unredtricted  environment is adways the best. It's that our current system, without
judtification, assumes an exclugve licenang regimeis the only viable answer.

Technologies of Wireless Freedom

There are three primary techniques for magnifying the efficiency of wirdess devices in a
shared environment: spread spectrum, cooperative networking and software-defined radio.
These can dl be usad in licensed bands, though they reach ther full potentid in an
unlicensed environment.

Spread Spectrum

In a spread-spectrum system, wirdess communications are digitized and chopped up
into pieces, which are spread across a range of frequencies™ If the receiver knows
where to look, it can piece the message back together on the other end. Spread
spectrum means that an individud frequency only caries a smdl pat of esch
communication, so it's only occupied for a tiny dice of time. In the unlikdy event that
another message is occupying that dot, only that smdl portion of the sgna must be re-
sent. Spread spectrum was invented in the 1940s and has been used extensively for
military and other applications that require robustness and resstance to jamming or
eavesdropping (because only the receiver knows how the signa is spread across the
range of frequencies). Many mobile phone services use Spread-spectrum today to
improve efficency within licensed bands, but the technique is even more powerful
when used for underlay or in unlicensed bands.

Cooperative Networking
The capacity of a wirdess sysem is influenced by its architecture. A broadcast
televison network dlows for many receivers but only one tranamitter. By contras,
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cdlular telephone systems use a network of cdls and towers to dlow people to both
cdl and recave cdls We may assume tha the cdlular hub-and-spoke architecture is
the best we can do, but it is7't. If the end-user devices cooperate with one another, such
& by rdaying sgnds of other usars, the sysem can be more efficient!? With
cooperation, adding users increases supply as well as demand. One form of cooperative
network is the mesh architecture, where every tranamitter dso serves as a rday. A user
need only be able to communicate with another user, rather than with a central tower,
to send a sgnd anywhere on the network. Some cooperative networks can be deployed
ad hoc, meaning that new nodes can be added anywhere and they will automaticaly
become part of the network.

Software-Defined Radio

Every radio can be tuned to pick up a certain range of frequencies and it takes some
amount of time to change the tuning. Traditiondly, these characteridics are fixed in the
radio hardware. Thus, for example, the same radio can't pick up both FM radio and
mobile phone transmissons, or both 24 GHz and 5 GHz wirdess LAN dgnds
Software-defined radios, by contrast, can tune dynamicaly over a wider range of
frequencies. A software-defined radio can recelve or trangmit different kinds of
wirdess transmissons automaticdly. If it is a so-cdled “agile radio,” it could adapt to
the loca environment and seek out open frequencies to communicate. Even in licensed
bands, most of the spectrum is empty most of the time. Agile radios could take
advantage of tha empty space, moving out of the way when another transmission

appears.

All of these areas are the subject of extensve academic research and corporate R&D.
Nonetheless, the licensed spectrum modd has been the dominant paradigm for ® long that
there is a surprisng amount we simply don’t know about how radios work. For example,
we don't know as a theoreticd matter what the maximum capecity is of a geographicaly
defined system filled with randomly distributed radios.

We do know thet many of our intuitions are wrong. Research has shown that many factors
we bdieve should decrease the capacity of a sysem—adding more transmitters, creating
more dternative paths for dgnas to travel, or putting receivers in motion, for example—
can actualy increase capacity.’® This occurs because the more data a smart receiver has
about the surrounding environment, the better it can do in distinguishing the desired signdl.

The commercid viability of any sysem usng these techniques will depend on business
conditions. That is one reason government policies should advance both designated
unlicensed bands and underlay agpproaches that coexist in licensed bands. Under any
scenario, though, open spectrum is not a fantasy, but a concept based on proven
techniques. It istime for our policies to catch up with the state of technology.

The Myth of Scarcity

To take advantage of the fantastic potentid of open spectrum, we must change our
spectrum policies. With a few exceptions, exiging laws and regulations are rooted in
historica anachronisms.

Since the passage of the Federa Radio Act in 1927 and the Communications Act in 1934,
virtudly everything about wirdess has changed. What began as a technology for ship-to-
shore communication became the foundation of the radio, broadcast televison, saelite
and cdlular telephone indudtries, as well as supporting private radio services, public safety
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communications, military communications, wirdess data networking and a host of other
goplications. The amount of spectrum conddered usable has increased dramaticdly as
more sophisticated devices have been developed. Andog services are giving way to digitd,
alowing for additiond festures and efficiency.

Everything has changed except for one very important thing: We 4ill regulate the radio
spectrum based on the technology of the 1920s.

Spectrum licensng arose in the 1920s because of a higtoricd phenomenon. Radio receivers
of the peiod were primitive They couldn't didinguish wel between different
trangmissons, so the only way for multiple users to share the spectrum was to divide it up.
In 1912, nearby ships hadn’'t responded to the Titanic's didress cdls, prompting cdls for
regulation. By licensng spectrum to broadcasters, with wide separation between bands, the
government could ensure that receivers could identify which signd was which.

The exdusve licenang modd was admost cetanly the right gpproach when it was
developed. It has been in place for so long, during which there has been so much
commercid innovation in use of the wirdess spectrum, that we teke it for granted. When
you think about it, though, our approach to spectrum is the exception rather than the rule.
We drug a intense government regulation of communications over the arwaves that
would be unconditutiond in other media After al, wirdess communication is speech.
Under the Fird Amendment, the government faces a high burden in judtifying any law that
defines who may communicate and who may not. Yet Congress and the FCC routindy
determine who may broadcast on certain frequencies and they regularly shut down those,
such as “pirate’ radio broadcasters, who fail to observe those rules.

The raionde for limiting speech over the airwaves is that there is no dternative. Spectrum
is scarce, S0 the argument goes, s0 either some may speak or none will be able to get their
message across amid the cacophony of interfering voices* As discussed above, though,
that scarcity is not an immutable property of a physcd spectrum resource. It's a
historicadly and technologically contingent judgment.

Needless to say, much has changed since the 1920s. And indeed, there has been a mgjor
shift in the government's gpproach to spectrum assgnment. Auctions have replaced
outright grants, competitive hearings, and lotteries as the tool of choice Beginning with
Rondd Coasgs semind 1959 aticle, “The Federd Communications Commission,”
economists have argued persuasively that competitive bidding is the mogt efficient way to
assign scarce licenses among competing users. Starting with the persond communications
sarvice (PCS) auctions of 1994, the FCC has raised over $30 hillion fr the US Treasury
and delivered substantial new spectrum to the marketplace in this manner.

Mogt of the debates around spectrum policy today involve variations of the auction idea
Some parties advocate secondary markets'® or moving from licenses to fee smple
ownership,'” while others propose combining auctions with annua lease fees after the
initid license period!® These debates, intense though they may be, occur within the safe
confines of the dominant exclusve licenang paradigm. If we have decided to license
wireless frequencies, there are important questions about how best to do so. But why take
licenang for granted?
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A Spectrum Commons

Capacity-magnifying techniques such as spread spectrum, cooperative networking and
software-defined radio make it possble to see spectrum as something other than a physica
resource to be licensed. Portions of the radio spectrum could instead be treated as a
COmmons.

A commons, like the air we breathe and the language we spesk, is a shared, renewable
resource. It is open to dl. It is not completely free or inexhaudtible, but it can seem that
way if individuds follow rules to prevent over-grazing. A commons is entirdy competible
with compstitive capitdism. The key is that the marketplace occurs among users of the
commons, the commons itself cannot be bought or sold. We have no trouble accepting the
automobile and trucking industries, even though they depend on public roads and
highways that are free to use and maintained by the government. And we accept that even
though anyone can drive on the highway, everyone has to observe speed limits, seatbelt
laws and other safety rules. Those public roads even coexist with private toll roads, but we
don't think that privatizing dl the roads would improve the qudity of transportation in the
us.

A spectrum commons works just like the highways. Government defines the scope of the
common resource and sats limited rules to facilitate efficient use. That means setting aside
unlicensed frequencies, adopting rules to facilitate new “underlay commons”  setting
power limits or other technical standards, and responding to any breakdowns.

The beauty of a spectrum commons is tha is crestes the right incentives Excusve
licendang and propertization create spectrum monopolies, which seek to maximize the rents
they can collect. Forcing licensees to buy spectrum at auction ensures it goes to those who
vaue it highly, but it forces the winner to recoup its up-front investment, biasng the way it
makes use of the spectrum. As noted above, exclusve licensng aso encourages receiver
manufacturers to make their devices as dumb as possble, while a spectrum commons has
the oppodte effect. In a commons environment, companies can respond to marketplace
demands by tailoring new services, ance the cogts of entry are minimd.

OPEN SPECTRUM IN THE REAL WORLD
The WiFi Explosion

Arguments about the benefits of open spectrum have in the past been largely theoreticdl.
Techniques such as spread-spectrum were widdy employed, but primarily in licensed
bands or in military applications. Academic research showed the benefits of a spectrum
commons. Without mass-market commercia examples, though, few were convinced the
idea could fly in the red world.

Such red-world vdidation arived in the form of WiF and related wirdess locd area
network (LAN) technologies. WiFi is a marketing and certification term promulgated by
the Wirdess Ethernet Compatibility Alliance, an industry trade group. It refers to the
802.11b and 802.11a wireless Ethernet standards defined by the Indtitute for Electrica and
Electronic Enginears (IEEE).}° 802.11b, which was the first to take off commercaly,
operates in the 24 GHz Indudrid, Scientific and Medicd (ISM) band and ddivers data
Speeds up to 11 megabits per second. 802.11a operates in the 5 GHz U-NII band and offers
connections up to 54 megabits per second.?® Standards work in this area is ongoing, with
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proposed standards including 802.11g, which delivers higher-speed connections in the 2.4
GHz band, and 802.11e, which adds quality-of-service mechanisms to support high-qudlity
voice and video ddivery.

The IEEE isued the find 802.11b standard in September 1999. The firsd mass-market
commercid implementation, Apple's AirPort technology, went on the market tha year.
Since then, the maket has grown rapidly, with expected sdes of some 10 million
PCllaptop adapter cards this year. Vendors such as Cisco, Linksys, D-Link, Netgear and
Proxim are doing a brisk busness sdling access points for home networks, adding vaue to
resdential  broadband connections. On the enterprise sSde, wirdess LAN deployments
doubled last year, with more than one million access points now in use in 700,000
companies, according to the Yankee Group.?! Cahners InStat sees the WiFi hardware
market generating over $5 billion in 2005, and tha doesn't even include service
revenues.??

WiFi Applications

Though WiF was origindly developed for corporate LANS, it has garnered attention for
two applications. hotspots and community access points. Hotspots are wireless access
points deployed in high-traffic locations such as hotels, arports, and cafes. Typicdly, the
facilities owner contracts with a company that inddls the necessay equipment and
Internet connection, with the revenue split between them. Sometimes the service provider
keeps dl the revenue, with the facilities owner benefiting from additiond traffic the access
point generates. End-users usudly pay a per-minute or monthly access fee to connect to the
Internet through the hotspot.

Over 4,000 hotspots have been deployed in the US, as well as in Europe and Asa. Most
mgor hote chains have announced plans to deploy WiF hotspots, as have mgor US
arports The most prominent hotspot arangement is MobileSta’'s deployment in
Starbucks coffee houses around the country. MobileStar filed for bankruptcy, but its assets
were purchased by VoiceStream and its hotspots are now supported under its T-Mobile
brand. T-Mobile and Hewlett Packard recently announced that WiF will be avalable in
2,000 Starbucks by the end of 2002.%

Community access points are Smilar to hotspots, but they are made fredy available to
anyone in the area. Typicdly, community access points are edtablished by individuas or
groups such as BAWUG in the San Francisco Bay Area, NYCWirdess in New York City,
or Persond Teco in Portland, Oregon. Many hook without permisson into corporate
networks or home broadband connections. An increasing number, however, are funded by
governments, universties and non-profits who see a benefit in providing widespread
wirdess Internet access. Athens, Georgia offers free WiF  connectivity throughout its
downtown aea, funded by the Universty of Georgia, while Inte sponsors free Wi
connections in Manhattan' s Bryant Park.

Hotspots and community access points have generated sgnificant media attention, and for
good reason. However, they are only one dement of a WiF market that includes severd
other mgjor gpplications.

Campus Networking
Major corporations are deploying WiFi networks across their corporate campuses to
provide ubiquitous connectivity for their employees, univerdties are doing the same for
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their gudents and faculty. Unlike the consumer access points, these deployments
typicdly have beefed up security and rdiabdility. WiF is one of the few remaning
growth areas in the depressed data networking sector, a fact not lost on vendors such as
Cisco. Leading information technology services companies such as IBM  have
developed expertise integrating and ingtalling these corporate networks.

Industrial Applications

Manufacturers such as Boeing are usng WiFH to network ther factories ad
warehouses. Such environments don't lend themsdves to wired connections. The
ability to track inventory and access internd corporate documents from anywhere can
generate substantial cost savings and efficiency benefits for these companies, who take
advantage of the maturity and low cost of WiF equipment thanks to its consumer
applications.

Virtual | SPs

Severa companies ae linking together the scattered hotspots through roaming
arangements, creating natiionwide virtua networks. Examples include Boingo, Joltage,
Wayport, and NetNearU. Some of these companies encourage individuds and smal
busnesses to establish new access points, offering to share revenues from wirdess
access with them. A New York Times report earlier this year dated that severa mgor
technology and communications companies including Intd, Microsoft and Cingular
Wirdess were evauating cregting a naionwide WiF roaming network, known as
Project Rainbow.?*

All this activity has taken place in an dready-crowded unlicensed band, without any
protection againg interference from other users. WiF is an existence proof for the vadidity
of the open spectrum argument.

Other Unlicensed Technologies

WiF is not done. Severd other unlicensed wirdess data technologies are ether
commercidly avaladle or nearly so. Each has technica characterigics tha lend
themsaves to paticular market opportunities, though there are many areas of potentid
overlap. The beauty of an unlicensed environment is that hardware vendors and service
providers need not go through a gatekeeper such as a cdlular carrier to gain access to
spectrum. If the technology works, and there is a market for it, the equipment can smply
be deployed.

802.11 Variants

WiF is a particular protocol designed for locd-area network applications. Severa
companies are trying to marry the cost economies of standards-based 2.4 GHz radios
with proprietary software and hardware to support additional capabilities. There are
aso competing standards to WiFi, including HomeRF and the European HyperLAN2,
but these have generdly lost out to WiF in market adoption and will likely fade away.

Ultra-Wideband

As described above, ultra-wideband (UWB) systems use such low power that they can
underlay beneasth existing licensed spectrum bands. Because of the power limitations,
current UWB implementations have limited range, but they offer sgnificant capacity.
Vendors such as Time Domain and XTreme Spectrum are building chipsets to deliver
100 Mbps or more over short distances. After a long and bitter fight, the FCC
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authorized UWB underlay for the first time in February.?® The FCC's initid rules put
drict limits on UWB sysems, but the Commisson committed to reviewing and
potentially loosening the restrictions if interference fears do not materidize.

Bluetooth and Other Personal Area Network Technologies

WiF works in a locd area, but many wirdess gpplications need only a range of a few
feet. Persond-area networking (PAN) encompasses dtudions such as trangsmitting
between a mobile phone and a headset, sending data between a phone and a persona
digitd asssant and printing from a lgptop to a printer in the same room. For these
scenarios WiF may be overkill in terms of power requirements and chip cods.
Bluetooth is an unlicensed ad hoc 2.4 GHz standard for such applications. It has been
dow to roll out, leading to speculation it would lose to WiF. However, it now looks as
though Bluetooth will find a niche, primarily replacing wires in short-range Stuations.

Unlicensed Metropolitan-Area Networking

At the other extreme from PANs are metropolitan-area networks (MANS), which cover
entire neighborhoods or cities, though often desgned primaily for business
connections. The IEEE is developing standards, 802.16, for wirdess MANs usng the
10 GHz - 66 GHz spectrum. Though these are initidly targeted at licensed spectrum,
the same concepts could be gpplied in an unlicensed environment. Motorola offers a
proprietary unlicensed system caled Canopy that is designed for the metropolitan area.
Canopy, or some variant of it, might become the basis for the 802.16 standard in
unlicensed bands.

L essons of WiFi

The success of WiF shows that spectrum sharing works in the red world.  Without heavy-
handed control by government or by service providers who have incentives to maximize
only their own wefare, an entire industry has emerged. That industry has developed with
no legd protections against competing uses. Despite repeated warnings of a “metdown,”
only isolated anecdotal cases of congestion among WiF users have been reported.
Companies such as Intd and Microsoft are devoting substantial resources to these
technologies, which they would be unlikely to do if they were serioudy concerned about a
tragedy of the commons.

Moreover, wirdess LAN technology is evolving and diversfying rapidly. Vendors are
beginning to deliver hybrid 802.11ab chipsats, and devices that add software intelligence
to WiF ae coming on the market. Innovation in the WiF world follows the computer
industry curve of Moore's Law,?® because it is based on improvements in hardware. WiF
devices become chegper and more sophisticated every year, just like persond computers
(but unlike most tdlecommunications services). They are standards-based components sold
in a competitive market, a volumes that dlow for economies of scde. Those new devices
become part of the network as soon as users purchase and ingtdl them. Capita investment
is soread among users, rather than shouldered upfront by a network operator. By contrast,
3G sarvices can only be deployed after service providers build and upgrade expansve
network infrastructure and proprietary hardware.

Limitations in WiF devices are being addressed through market forces. For example, firg-
generdion WiF equipment has a rddivey week built-in security mechanism known as
Wirdess Equivdent Privacy (WEP). For users concerned about security, such as
enterprises, third parties and hardware vendors quickly developed supplemental security
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solutions that integrated with standards-based WiF deployments. Meanwhile, an enhanced
security standard, 802.1x, was recently ratified by the IEEE.

A key to the success of WiF is that it uses a different busness modd than traditiond
telecommunications and broadband services. Because the network grows incrementaly
with every new access point and every device capable of recelving WiF dgnds, there is
no need for incentives to convince a monopoly service provider to build out expensve
infrastructure. No one needs to predict what the killer gpplications of the technology will
be, because usars will find them on ther own. With a licensed service, the network
operator mugt invest in ddivering sarvices in the hope that customers will pay enough to
recoup that investment. With WiFi, services grow bottom-up through market forces.

There are many things WiF cannot do. For example, as a short-range LAN technology, it
can't provide universa coverage over a lage area, and it isn't designed for mobile
scenarios such as connecting from a car. For these applications, Wik gracefully coexists
with licensed services. Vendors such as Nokia are building equipment that supports both
WiF and licensed wide-area cdlular services, dlowing users to switch automaticaly to the
best network for their current needs. Licensed mobile operators are beginning to enter the
WiF hotspot business, including T-Mobile, Sweden’s Telia, and Japan’sNTT DoCoMo.

Open Spectrum and the Last-Mile Bottleneck

Unlicensed technologies could play an important role in resdential broadband adoption.
Today, incumbent cable and loca telephone companies dominate the residential broadband
market with cable modem and digitd subscriber line (DSL) services. These companies
control the two primary wires into homes. To deploy high-speed services, they must
upgrade ther networks which requires dgnificant invesment. Mogst incumbent service
providers now charge $45 to $50 per month for broadband connections. They frequently
place dgnificant limitations on the savices, induding highly asymmetric  bandwidth,
prohibitions on home servers, prohibitions on virtud private network connections and
limits on streaming video usage.

The operators clam these redrictions are necessary for their broadband offerings to be
economicdly viable, even though equivdent services in other countries ae priced
sgnificantly lower. Though subscribership is increasing and new technologies are reducing
the costs of broadband infrastructure, many companies have actudly increased their prices
during the past year as competition dried up.

The fundamentad problems in the resdentid broadband market are the same as in wireess.
Service providers must build expensve networks and define the services for which they
think users will pay, then charge high rates to recover their costs. Mogt cable modem and
DSL providers market their services as providing faster Web surfing than did-up access.
Many end-users smply don't find this compelling, epecidly a $50 per month. Unlike the
open WiFH market, there is no room for innovators to roll out new service offerings or
better technology, because everything must go through the network owner.

As noted above, sandard WiFi technology provides only short-range connections, to a
range of gpproximatedly 300 feet. This is insufficient for most resdentid broadband
deployments. To deliver broadband to a home, the home must connect to a high-speed
Internet  trunk, which can be shared among many cusomers Having a fat WiF
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connection in a house doesn't subdtitute for DSL or a cable modem, because the wired
connection is ill necessary to reach the public Internet.

Despite these limitations, there are severa approaches that could dlow unlicensed wireless
devices to ddiver lagt-mile broadband service. Companies such as Nokia (with its Rooftop
system), MeshNetworks and SkyPilot have created systems that use a meshed architecture.
In other words, rather than connecting to a centrd hub, each device can send information
to every other device it can see. Information can be routed through the network using many
different paths, depending on capecity, line of dght and other characterigics The mesh
gpproach gets around limitations that hobbled previous fixed-wirdess sysgems in the last
mile. Other companies such as Etherlink and Motorola have created proprietary
technologies on top of WiF radios to dlow dgnificantly increased range in traditiond
point-to-multipoint  deployments. Operating in the unlicensed 5 GHz band, Motorola
clams its Canopy technology can serve up to 1,200 subscribers from a single access point
a arange of up to two miles. Unlicensed wirdess connections could adso serve as “talls’ at
the end of existing phone, cable, or fiber infrastructure in resdentid neighborhoods.

All these configurations have ther limitations. As with any wirdess service, connection
qudity depends on physcad geography and the loca spectra environment. As a result, it's
unlikely unlicensed technologies would represent the mgority of broadband connections in
the near future. Even if they take a smdl share of the market, however, wirdess lagt-mile
sysdems would foster dgnificant competition and innovation. Wired broadband providers
would have to improve their offerings or lower costs to compete.

Demand Pull

Unlicensed wirdess technologies will impact the broadband market even if they aren't
used as the primary connection method. Large numbers of WiF access points are being
deployed for home networking. Users indal these devices in ther homes to share
broadband connections among severa computers, share peripherds such as printers, or
give themsdves untethered Internet access anywhere in ther house Digitd consumer
electronics devices are beginning to incorporate WiF connections as wdl. For example,
Moxi Digitd, which recently merged with Digeo, a company funded by Microsoft co-
founder Paul Allen, incorporates an 802.11a trangmitter in its persond media center. This
dlows the Moxi box to stream high-quaity audio video among TVs and stereos throughout
a house. Intd is spearheading a standards effort to dlow WiF to interoperate with
FireWire (IEEE 13%4), awired standard popular for digital media applications.

As home networks and related devices proliferate, they will create a “pull” for broadband
applications. WiF hardware is becoming sufficiently cheap for hardware manufacturers to
include it without sgnificant effects on device prices. As users buy laptops and consumer
electronics hardware with high-gpeed wirdess connections built in, they will find new uses
for it, such as sending music files from their computer to their dereo sysem, or sharing
pictures downloaded from the Web. Many of these applications will benefit from
broadband connections into the home. Wirdess devices will therefore stimulate broadband
demand even when the last-mile connection is wired.

PoLicYy RECOMMENDATIONS

Open spectrum is not inevitable. Technologies now available or under development will
lay the groundwork for a radicaly more open and more efficient wirdess environment, but
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without the right policy framework, those technologies may never see the light of day.
WiH, excting though it may be canot smply evolve into the full redizatiion of open
spectrum. If the US wants to enjoy the benefits of open spectrum, it must take steps to
fadlitateit.

First, DoNoHarm

Despite the promise of open spectrum, there are many threets to the continued growth of
unlicensed wireless. Open spectrum profoundly threstens the status quo. It represents a
new form of potentia competition for existing wirdess services, and for wired services as
well. Moreover, it runs counter to conventiond assumptions about which policies are truly
market-based. Absent a clear understanding of open spectrum’s implications, policymakers
may take actions that would prevent it from reaching its potentid. The FCC and Congress
must ensure that the following thrests from incumbent industries do not undermine the
future potentia of unlicensed technologies:

Requests for Regulatory Protection

Srius Satdllite Radio filed a petition with the FCC earlier this year seeking redrictions
on WiF based on trumped-up concerns about interference with its adjacent licensed
satdlite trangmissons. Though Sirius hadn't even launched its service and the potentid
for inteference was minimd, it wanted ggnificant limitations and new device
requirements placed on the thriving WiF indudry. The Srius petition was withdrawn
after it provoked serious objections. Nonetheless, it gives a sense of how licensed users
could seek to hamdgring unlicensed dterndives. Wirdess operators facing new
competition from unlicensed devices may dmilaly rdy on scare tactics and legd
maneuvers to prevent unlicensed services from encroaching on their markets.

Spectrum “ Propertization”

If the FCC were to give spectrum licensees full ownership rights, it would significantly
decrease the likdihood that gpectrum would be avalable for unlicensed uses.
Companies that pay for control over frequencies will want to recoup their invesments,
which means excluding competing users.  Even if “band managers’ could operate toll-
gated frequencies for unlicensed use, the transaction costs involved would be
subgtantid.  Worgt of dl, propertization is a one-way dstreet. Once spectrum becomes
private property, converting some of it to unlicensed “parks’ or even diminating
redrictions on band sharing could require costly eminent domain proceedings. Giving
spectrum licensees greater flexibility or opportunities to engage in secondary market
transactions may make sense, but the step from there to further propertization would
have sgnificant negative consequences.

Backhaul Discrimination

Unlicensed wirdess data devices must a some point connect into the public Internet.
For traditional point-to-multipoint systems such as WiH, an access point serves as the
local hub and connects to a wired data connection such as a T-1 line to ddiver traffic to
the Internet. Bringing data from a loca point of presence to a centrd aggregation point
is known as “backhaul.” It typicaly involves faclities of incumbent loca exchange
cariers, because ther networks span virtudly every city. Because of the lack of
competition, backhaul is expensve. Moreover, if telephone companies see unlicensed
wireless devices as competitive, they may seek to prevent them from connecting into
their networks. An advantage of meshed networks and systems that combine short-
range unlicensed “tails’ with long-range unlicensed “backbones’ is that they cut down
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on the need for wired backhaul connections. Until such dternatives are widey
avalable, the government should rgect rule changes that would meke it esser for
telephone companies to discriminate in provison of wirdess backhaul and should
police againg anti-competitive behavior.

Affirmative Steps

At the same time, policymakers should take affirmative steps to facilitate open spectrum.
Mogt current unlicensed wirdess sarvices, including WiF, operate in the 24 GHz and 5
GHz unlicensed bands. These bands are reaively narow, a high frequencies that limit
their propagation and subject to many edablished competing uses. Though unlicensed
devices can coexig in seemingly crowded spectrum, their ability to do so is not absolute.
Moreover, WiF’'s software protocols don't have the adaptive and cooperative
characterigtics of truly scdable unlicensed networks. Current FCC rules have done a
reasonable job of setting conditions that alow for innovation and market growth, but more
IS needed.

The US government should follow a four-step program to make open spectrum aredlity:
» Deveop rulesto foster more effective cooperation among unlicensed users
»  Set asde more spectrum for unlicensed uses
* Eliminate redtrictions on non-intrusive underlay techniques across licensed bands
*  Promote experimentation and research in unlicensed wird ess technology

All of the dements are important. WiFi, other unlicensed technologies in designated bands
and underlay ae dl pat of the answer. Furthermore, the mix will change over time.
Exiging unlicensed bands ae ddivering vadue today. However, newer agpproaches
desgned from the ground up for open spectrum will be the long-term winners. The only
way to dlow market forces to determine the best solutions is to give dternative approaches
a chance. By announcing its intention to move forward with a comprehensve open
soectrum agenda, the US government would give investors and technologists the
confidence to devote resources to new ventures that make open spectrum aredlity.

1) Fostering Effective Cooperation

The firgt dep is to enhance existing unlicensed bands, which were not designed with open
spectrum in mind. The FCC should work with the private sector and the technica
community to identify minima requirements to fadlitate efficdent spectrum shaing. In the
near term, this could include sarvice rules for the 5 GHz band to alow for continued
growth of wirdess daa networking applications. These should not pre-determine
technology or applications, but could include generd requirements such as mandating that
devices be capable of two-way packet-switched communications. The FCC should aso
identify redrictions in its exiging rules, such as outmoded prohibitions on repeaters, that
could be removed to alow for greater spectrum sharing.

In the future, as it establishes new unlicensed bands and eiminates underlay redrictions,
the FCC could define additiond “rules of the road,” ether as requirements or as advisory
“best practices” For example, companies could be encouraged to build devices tha
modulate their output based on actud conditions, or that repesat traffic for other users,
alowing for meshed architectures.

NEW AMERICA FOUNDATION 16



Whatever rules ae adopted should be developed in  conaultation with industry
representatives and technica experts to ensure they do not over- or under-specify
standards. Reasonable accommodations should be made for uses of spectrum other than
data networking, including scientific activity such as radio astronomy. Different rules may
apply to particular bands or techniques. Whatever decisons are made will need to be
reviewed periodicaly as conditions evolve,

2) Expanded Unlicensed Spectrum

Improving existing unlicensed bands isn't enough. Most are so narrow and congested  that
ther utility for open spectrum is limited. Furthermore, the high frequency of the mogt
prominent unlicensed bands limits sgnad propagation. Lower-frequency spectrum  that
penetrates westher, tree cover and wals would provide sgnificant advantages for services
such as last-mile broadband connectivity.

The FCC should identify additiond spectrum bands that can be designated for use as
unlicensed “parks” with a particular focus on frequencies below 2 GHz where propagation
is best. The FCC will need to consult with other rdlevant agencies such as the Department
of Defense, Federd Avidion Adminigration and Department of Commerce; technicd and
scientific  organizations such as the Nationd Academy of Sciences and Inditute of
Electricd and Electronics Engineers;, and the private sector. Furthermore, the U.S.
government should work through the World Radio Conference and other internationd fora
to create global unlicensed bands wherever possible.

There ae many possble sources for additiond unlicensed spectrum. The 5 GHz
unlicensed band could be expanded rdatively easly, a move that would aso help bring the
U.S. dlocation in line with other countries. Because of its limited propagation
characteristics, however, 5 GHz should not be seen as a long-term solution. Creating
unlicensed spectrum parks esewhere would involve relocation or other accommodation of
exiging users. That is a process the Commission has engaged in repeatedly in the padt.

3) Remove Constraints on Under lay

The FCC took a mgor step forward with its February approva of ultra-wideband. The
Commisson wisdly rgected overblown fears about interference, relying on technica data
and prudent redtrictions on UWB deployment. However, the Commisson’s initid rules
dill put unnecessarily severe limits on where and how UWB can be used. Assuming that
experience shows the fears about interference ungrounded, the FCC should loosen its
redtrictions without delay.

The FCC should look a other ways to facilitate underlay of unlicensed communications in
exiding spectrum bands. Underlay can be achieved dther through week dgnds or
adaptive, agile recavers. As technology advances, the FCC could consder a rule dlowing
underlay in certan bands, so long as devices check the loca environment before
trangmitting and vacate a frequency within a certan number of milliseconds if a licensed
sarvice gppears there. Underlay could aso be used as a trangtion mechanism in bands
where there are limited numbers of incumbents. Those incumbents could be dlowed to
remain in the band, but without the current guarantees againg interference.

4) Drive Technology Development and Adoption

The government should seek out additiona mechanisms to encourage the development and
deployment of unlicensed devices. These could include liberdizing rues for experimenta
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licenses, funding research projects and usng government procurement power to drive
adoption of WiF or other technologies. The Defense Advanced Research Projects Agency
(DARPA) of the Depatment of Defense has a digtinguished history of supporting cutting-
edge research in data networking, including the packet-switching technology thet led to the
Internet. DARPA has long funded research into meshed wirdess networking, ultra-
wideband and software-defined radio because of their military gpplications. These efforts
should be continued, and every effort made to ensure smooth trandfer of the resulting
technologies to civilian applications.

The FCC and other rdevant agencies should review ther rules to identify unnecessary
redrictions that keep unlicensed devices out of existing programs. For example, the FCC
doesn't dlow the use of Schools and Libraries subsdies for unlicensed networking
devices, because they do not involve a communications “service” Of course, government
should not try to pick winners among competitors in the marketplace, but rather work in
tandem with the private sector to ensure innovative technologies can reach their potentid.

Alongsde these seps, the FCC and Congress should continue their broader efforts to
foger invesment and competition in communications. Open spectrum will flourish in a
growing market.

A Near-Term Opportunity in 700 MHz

The forthcoming return of analog televison spectrum provides an opportunity to put some
of these policies into practice. Congress has directed the FCC to auction the 700 MHz
spectrum now occupied by broadcast channds 60-69, though the auction has been delayed
severd times. Because of its propagation characterigtics, the 700 MHz spectrum could
maeke an excelent unlicensed wirdess pak, a scenario that smply could not be
contemplated when the origind plans for return of that spectrum were drawn up. Congress
should take advantage of the opportunity and designate some or dl of the 700 MHz
spectrum for unlicensed devices. As a trangtiond mechanism, the FCC could dlow only
underlay usesthat do not intrude on incumbent licensees.

CONCLUSION

We are living under a faulty set of assumptions about spectrum. Licensng may have been
the only viable gpproach in the 1920s, but it certanly isvt in the firs years of the 21
century. We take it for granted that companies must pay for exclusve rights to spectrum,
and that once they do, they must invest in gdgnificant infrastructure buildout to ddiver
sarvices. We dso take for granted a pervasive leve of regulaion on how spectrum is used,
which would be intolerable for any other medium so connected to speech. We assume that
market forces, if introduced into the wirdess world a dl, must be applied to choices
among monopolists rather than free competition. We make these assumptions because we
can't imagine the world being otherwise.

Open spectrum technologies forces us to rethink al of our assumptions about wireess
communication. By making more efficient use of the spectrum we have, it can effectivey
remove the capacity condraints that limit current wirdess voice and data services. By
opening up space for innovation, it could lead to the development of new gpplications and
sarvices. It could provide an dternative pipe into the home for broadband connectivity.
And it could dlow many more speakers access to the public resource of the airwaves.
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Today, we stand at a cruciad point. Our policies could fritter away open spectrum’s historic
opportunity, dther through inaction or harmful limits on new technologies. Or we could
ligen to wha the market and technology are tdling us. Computers have made wireess
devices vadly smarter than they were in the padt. It's time for our policies to become
snater as wdl. Promoting open spectrum is the most democratic, deregulatory, pro-
investment and innovation-friendly move the US Government could make.
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