
Electronic copy available at: http://ssrn.com/abstract=1682088Electronic copy available at: http://ssrn.com/abstract=1682088

 By Eric M. Fraser 

 I
n March 2010, the Federal Communications 
Commission (FCC) released  Connecting America: 
The National Broadband Plan . The National 
Broaband Plan is a set of goals and recommen-

dations for broadening the availability of access 
to broadband Internet and increasing the speed 
of access. It references WiFi in only five of its 375 
pages, describing it as an “important complement[ ] to 
licensed mobile networks and to fixed wireline net-
works.” 1    This is a big change from the treatment that 
WiFi got in the Federal Trade Commission’s 2006 
report,  Municipal Provision of Wireless Internet , 2    which 
listed WiFi first in its list of major technologies used 
to provide citywide wireless internet access. WiFi was 
demoted in the intervening four years because of the 
sensible realization that WiFi has no place in provid-
ing wide-area Internet access. 

 Almost everyone was fooled by the promise of 
citywide WiFi. Beginning in the early 2000s, more 
than 100 municipalities bought into the dream of 
providing cheap or free Internet access throughout 
the city using the same technology that residents 
were already using to unwire homes and businesses. 
Municipalities dreamed of residents connecting to the 
Internet while sitting on a park bench, on a couch, in 
an office, or in a car. Local governments would be 
able to install Internet-connected parking meters 

and high-speed Internet access emergency vehicles. 
Low-income families would be able to connect to the 
Internet for the first time, bridging the digital divide. 
That was the dream. Crews began installing WiFi 
hotspots in City Halls and on top of lampposts. 

 By the end of the decade that dream died as 
everyone involved realized that WiFi could not real-
istically be expected to provide citywide Internet 
access. To be sure, the importance of WiFi has only 
grown over the last decade. Many people are fortu-
nate to have WiFi access where they work, live, and 
travel. It is even available in airplanes and on boats. 
It cannot, however, blanket Los Angeles. 

 Many technical, regulatory, and commercial 
factors worked together to prevent the success of 
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citywide WiFi. Too few users would use the limited 
wireless network that a city can realistically provide. 
In areas where the public WiFi network would oper-
ate exclusively, the user experience is inadequate. 
Where the public WiFi network would be absent or 
would overlap existing networks, users have better 
options. Cities and private partners could never hope 
to recover high fixed build-out costs and marginal 
operating costs from the limited networks that WiFi 
allows. This article explains why. 

 PUBLIC WIFI  MODEL 

 Public WiFi was supposed to be a “wireless fantasy 
land.” 3    Independent market research firms, expressly 
claiming to be free of “a simple ‘me-too’ mentality,” 
predicted that citywide WiFi would generate value for 
“citizens, government, and local businesses.” 4    Above 
all, public WiFi was supposed to solve the “last mile” 
problem. The last mile is the connection between a 
house or apartment and the local hub that links a much 
larger local area. Unlike the other connections in a 
network, the costs of the last mile cannot be distributed 
among large groups of users. Each house or apartment 
must be connected to a larger network; establishing the 
connection often involves the expensive process of dig-
ging trenches along streets and through yards or string-
ing cables between poles. With no wires, WiFi should 
avoid the costs of the last mile entirely because many 
users can share access from one access point. 

 Because of these grand possibilities, public WiFi 
captured the attention of municipalities across the 
country. Philadelphia, San Francisco, and Chicago 
initially launched high-profile efforts; 5    eventually, 
more than 200 municipalities in the United States 
announced plans for citywide or countywide public 
WiFi. 6    Different cities adopted different business 
models, from publicly owned and operated to semi-
priviate networks. Some involved local subsidies, 
some would be supported by advertising, and some 
would require payment. 7    

 REGULATORY FRAMEWORK 

 Several different regulatory regimes govern vari-
ous aspects of public WiFi. First, the FCC regulates 

the radio spectrum. Various private parties have 
licenses to operate equipment using different slices 
of the spectrum. The FCC also established some 
slices that do not require licenses; in these slices, 
devices must simply conform to a few restrictions on 
frequency, power output, and noninterference but are 
otherwise unrestricted. 8    Next, the Pole Attachments 
Act 9    may provide statutory authority to use utility 
poles for public WiFi, at least in conjunction with 
a private company. 10    If so, then the FCC may aid 
municipalities in using utility poles as access point 
mounting locations if the municipality partners with 
a telecommunications provider that provides, for 
example, cable television services in addition to 
Internet access. 11    

 There are also local regulations. Under pres-
sure from telecommunications companies, several 
states have passed laws restricting public WiFi. 
Pennsylvania’s 2004 H.B. 30 has received the most 
attention. It effectively gives local incumbent tele-
communications companies a right of first refusal if a 
municipality wants to offer public WiFi. 12    Colorado, 
Nebraska, and others have also passed laws regulating 
public WiFi. 13    

 TECHNICAL AND REGULATORY 
LIMITATIONS OF WIFI 

 WiFi sends information via radio waves, but 
radio signals at a receiver do not match perfectly 
those at the transmitter. Various properties of radio 
waves attenuate, or dampen, the signal as it propa-
gates. Even in completely free space, a receiver far 
from the transmitter will receive a signal weaker than 
a receiver close to the transmitter because of the 
physical concept known as free-space propagation. 
The signal degrades nonlinearly; the signal strength 
is inversely proportional to the square of the distance 
from the receiver. 

 Interference from obstacles and other wireless 
signals further degrades the signal. Users of mobile 
phones or GPS devices who have lost signal in a 
tunnel are familiar with obstacles severely attenuat-
ing radio signals. Various physical forces, including 
reflection, transmission, diffraction, and scattering, 
dampen signals when an object comes between the 
transmitter and the receiver. The level of attenu-
ation is a complex interaction between the wave’s 
frequency and the obstacle’s composition, surface, 
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and design. For signals like WiFi, ordinary objects 
such as walls, windows, furniture, cars, and trees can 
significantly attenuate a signal. For these types of 
objects, lower-frequency (longer wavelength) signals 
are generally less susceptible to interference. 14    Other 
radio signals, particularly those operating near the 
same frequency, can destructively interfere with a 
signal. Think of this phenomenon as the one driving 
noise-cancelling headphones. If one signal takes the 
exact opposite form of another signal, the two sum 
together to cancel out each other. Interference is a 
problem even when signals are not exactly the same 
because, if even very small, short sections overlap in 
places, those parts of the signal can cause data loss. 
To complicate things even more, a signal can even 
interfere with itself if obstacles bend a signal through 
diffraction and reflection. These limitations are par-
ticularly severe for WiFi because it is unlicensed and 
operates at a non-ideal frequency. 

 In 1985, the FCC acted to allow certain unli-
censed transmissions. 15    This action paved the way for 
the introduction and widespread adoption of WiFi a 
decade later. The change in regulation allowed for 
the transmission of signals, within certain guidelines, 
without an operator license. Part 15 of the FCC regu-
lations limits these unlicensed transmissions to 900 
MHz, 2.4 GHz, or 5 GHz. 16    WiFi generally operates 
at only two of those frequencies, 2.4 GHz and 5 GHz, 
due to issues with international standards. 

 Signal attenuation from obstacles, however, 
depends on frequency. Selecting an ideal frequency 
involves considering many factors, but lower fre-
quencies typically reduce attenuation from everyday 
objects. Compare these WiFi frequencies to the lower 
frequencies used by many technologies that typically 
experience less signal loss from everyday objects: 1-2 
kHz for AM radio and 30 MHz-300 MHz for FM radio 
and VHF television, all of which can penetrate cars 
and homes to deliver radio and television signals. 17    
With WiFi constrained to these non-ideal frequen-
cies, the signal significantly degrades when passing 
through trees, cars, walls, windows, and household 
furniture. 

 Although the specific available frequencies cause 
problems, the mere limitation of frequencies and the 
lack of a license requirement together lead to inter-
ference-causing traffic congestion. WiFi may operate 
only in two frequency bands. Other electronic devices 
may operate in these bands as well. Buyers of portable 

telephones (not cellular phones) will recognize that 
portable phones are available in these frequencies, as 
are baby monitors and many other wireless devices. 
Commercial wireless operators with licensed and 
assigned spectrum slices design and manage networks 
in order to minimize interference from other devices. 
The  ad hoc  nature of the unlicensed frequencies, 
however, allows anyone to install a device that could 
interfere with a public WiFi project. 18    Just as a neigh-
bor’s baby monitor can knock out a home network, 
unknowing residents could plug in legitimate devices 
that could wreak havoc on a municipal network. 

 The FCC restricts not only frequency but also 
power output. Specifically, it restricts peak output 
power to 1 watt. 19    That one watt degrades from free-
space propagation, obstacles, and signal interference. 
Consider a message sent using Morse Code in flashes 
of light from a small flashlight with a weak battery. 
Free-space propagation would make it difficult to 
detect the message from a mile away. Viewing the 
signal from behind an obstacle like tinted glass would 
further diminish the signal. And a car’s headlights 
would interfere with the signal. Now imagine that 
the sender replaced the batteries with fresh batteries, 
increasing the power of the light output. Or imagine 
that the sender replaced the flashlight with airport 
landing lights or searchlights. Now the signal should 
be clearly visible a mile away in open air, and it will 
probably still be visible even though the obstacle of 
tinted glass and over a car’s headlights. In short, if the 
power of a signal is strong enough, the receiver can 
still understand the message even if several physical 
phenomena attenuate the signal. 

 Although signals of different formats and fre-
quencies do not compare directly, consider that 
television stations typically broadcast at powers four 
to six orders of magnitude larger—between 20 kW 
and 5,000 kW for the major networks in Chicago, 
for example. 20    Users of any of the typical unlicensed 
devices know that one cannot venture far from the 
base station before losing the signal, particularly with 
other signals present in an indoor setting. One watt 
simply cannot overcome the physical properties act-
ing against the signal at those frequencies. 

 These three factors—imperfect frequency, con-
gestion within the frequency bands, and limited 
signal strength—combine to require high-density 
installations. As a rough guide, to blanket an area 
with coverage no point should be more than a few 
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hundred feet from an access point. In environments 
with obstacles and interference, the signal will not 
propagate as far, requiring even higher density. 

 Installing access points is a high-touch activity. 
Each access point must physically be mounted some-
where, and a worker must secure it to prevent theft. 
Each access point also needs power, at a minimum, 
and maybe even a wired network connection. 21    In 
large open spaces, blanketing the area with WiFi 
signal requires many access points. A municipality 
may be able to provide outdoor access quite effec-
tively if workers can mount access points on existing 
infrastructure. In public parks, for example, lamp-
posts could double as access points if they are dense 
enough. Along streets, utility poles could serve the 
same function, particularly if the Pole Act allows the 
FCC to help pave the way. Indoor settings, however, 
require higher-density installations. Obstacles such 
as walls and furniture will significantly limit the sig-
nal. Private ownership of buildings naturally makes 
high-density, high-touch installations difficult. Even 
if building owners were willing to allow public WiFi 
access point installations, 22    the coordination and 
expense involved would make it almost impossible. 
Installations would require running cables, drilling, 
permanently mounting equipment, and, perhaps most 
troubling to many business owners, nearly complete 
access to the inside of buildings because of the high 
density required. 

 TECHNICAL ALTERNATIVES 

 Several different technologies exist that can pro-
vide wireless Internet more effectively. For example, 
3G and 4G cellular networks and WiMax can all 
provide high-speed access at longer ranges than WiFi. 
To overcome the wireless challenges outlined above, 
these alternative technologies use higher power out-
put levels, lower frequency bands, or both. But to 
do so in the United States, they must use licensed 
spectrum bands. Higher power and lower frequency 
allow signals to go farther and penetrate more struc-
tures with less signal loss. Additionally, using licensed 
frequencies reduces interference because it allows for 
coordination of such things as transmitter placement. 

 Even though alternatives may have technical 
advantages over WiFi, network effects from WiFi’s 
popularity probably caused municipalities and their 
partners to opt for a WiFi network. 23    First, after Apple 

introduced its iBook laptop with built-in WiFi (called 
Airport) in 1999, many consumer and business por-
tables gained built-in WiFi cards. Because potential 
users already have WiFi-ready equipment, munici-
palities can offer public wireless Internet access 
through WiFi without requiring users to purchase new 
equipment. This network effect from compatibility 
reduces startup costs for users and speeds adoption. 
In addition, the proliferation of WiFi technologies 
in homes and businesses created economies of scale 
for production, competition in the marketplace, and 
widespread availability of compatible hardware equip-
ment. WiMax was still too new to have the benefit 
of reduced costs from economies of scale; the limited 
market and FCC licensing issues surrounding 3G and 
4G technologies prevented widespread availability. 

 SUCCESSFUL PUBLIC WIFI: 
LIMITED SCOPE AND SCALE 

 Despite these problems, public WiFi has been 
successful in certain situations. Successful networks 
all have limited scale. Enabling public WiFi in 
 government buildings such as libraries may be very 
valuable because at most it duplicates the 3G net-
works, but no other private networks, and because the 
ratio of expected users to the cost of installation in a 
single building probably far exceeds that of a citywide 
deployment. Municipalities also offer the valuable 
service of offering public WiFi in schools, high-traf-
ficked public parks, and other public areas. 

 Additionally, many small, rural municipalities 
have found success deploying public WiFi. First, in 
many rural areas high-speed Internet access is not 
widely available. Home and small business customers 
may not have access from cable companies, telephone 
companies, or even 3G wireless providers. With 
no alternatives, public WiFi may be attractive and 
efficient even with its limitations. In addition, if a 
small municipality wants to use WiFi to extend access 
to only a few locations, then it can use directional 
equipment instead of omnidirectional equipment. In 
other words, it can aim the signal at a particular point 
instead of blasting the signal in all directions. This 
reduces the signal drop from free-space propagation 
described above. Finally, in rural areas fewer obstacles 
and maybe even fewer interference-causing devices 
degrade the signal less than in highly developed 
urban areas. 
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 CONCLUSION 

 Public WiFi was supposed to solve many prob-
lems, from the digital divide to the modernization of 
public safety forces. Large and small cities all over the 
country partnered with major companies. Proponents 
of public WiFi thought that if they built it then users 
would come. But municipalities could not build the 
networks as promised, and users had little reason to 
come to the limited networks that they delivered. 

 WiFi cannot deliver a citywide network because 
technical and regulatory limitations combine to 
require access points at least every few hundred feet 
outside and even closer together indoors. Mounting 
that many access points is generally too expensive 
and is nearly impossible inside private buildings. WiFi 
deployments require high-touch, high-density instal-
lations. Meanwhile, users often have WiFi access in 
homes, at work, at coffee shops, in hotels and airports, 
and in select government buildings. For users who 
require wireless access outside those areas, private 
cellular companies offer high-speed 3G wireless data 
networks using technologies better suited for wide-
spread coverage (because of not only technical differ-
ences but also regulatory differences). As a result, the 
major public WiFi projects were destined for failure 
and municipalities instead should devote resources to 
small, focused networks. 
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